
(12) STANDARD PATENT
(19) AUSTRALIAN PATENT OFFICE

(11) Application No. AU 2005252012 B2

(54) Title
Novel antiviral macrocycle derivatives and metal complexes, incorporating bridged 
macrocycles

(51) International Patent Classification(s)
C07D 257/00 (2006.01) C07D 487/08 (2006.01)
A61K 31/395 (2006.01)

(21) Application No: 2005252012 (22) Date of Filing: 2005.06.10

(87) WIPO No: W005/121109

(30) Priority Data

(31) Number (32) Date (33) Country
0412893.0 2004.06.10 GB

(43) Publication Date: 2005.12.22
(44) Accepted Journal Date: 2011.08.25

(71) Applicant(s)
University Of Hull

(72) Inventor(s)
Hubin, Timothy J.;Lewis, Elizabeth Amie;Archibald, Stephen James

(74) Agent / Attorney
Griffith Hack, Level 3 509 St Kilda Road, Melbourne, VIC, 3004

(56) Related Art
DATABASE CROSSFIRE BEILSTEIN 2000, Accession no. 8571265 
DATABASE CROSSFIRE BEILSTEIN 1995, Accession no. 7211737 
US 5 047 527 A (HANDEL ET AL) 10 September 1991
EGBERINK, H.E.et al "Bicyclams, selective antagonists of the human 
chemokine receptor CXCR4, potently inhibit feline immunodeficiency virus 
replication" JOURNAL OF VIROLOGY, vol. 1999, pages 6346-6352,
LARS OLE GERLACH et al "Molecular interactions of cyclam and bicyclam 
non-peptide antagonists with the CXCR4 chemokine receptor" J. BIOL. CHEM., 
vol. 276, no. 17,2001, pages 14153-14160
DATABASE CROSSFIRE BEILSTEIN; 2003, Accession no. 9349922 
ESTE J A ET AL: "Activity of different bicyclam derivatives against human 
immunodeficiency virus depends on their interaction with the CXCR4 chemokine 
receptor" MOLECULAR PHARMACOLOGY, vol. 55, no. 1, 1999, pages 67-73 
WO 1998/039098 A (THE UNIVERSITY OF KANSAS) 11 September 1998



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date 
22 December 2005 (22.12.2005) PCT (10) International Publication Number

WO 2005/121109 A3

w
o 

20
05

/1
21

10
9 A

3 I ll
lll
lll
lll
ll 
II
 ll
lll
lll
lll
lll
lll
lll
lll
ll 
II
I l
lll
lll
lll
lll
lll
lll
lll
lll
lll
lll
lll
lll
lll
lll
lll
lll
l

(51) International Patent Classification:
C07D 487/08 (2006.01) A61K 31/395 (2006.01)

(21) International Application Number:
PCT/GB2005/002297

(22) International Filing Date: 10 June 2005 (10.06.2005)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
0412893.0 10 June 2004 (10.06.2004) GB

(71) Applicant (for all designated States except US): UNIVER­
SITY OF HULL [GB/GB]; Hull HU6 7RX (GB).

(72) Inventors; and
(75) Inventors/Applicants (for US only): ARCHIBALD, 

Stephen, James [GB/GB]; 51 London Street, Pockling- 
ton, York YO42 2JW (GB). LEWIS, Elizabeth, Arnie 
[GB/GB]; 75 Plimsoll Way, Victoria Dock, Hull HU9 IPX 
(GB). HUBIN, Timothy, J. [US/US]; 3016 N. Deer Creek 
Road, Weatherford, Oklahoma OK 73096 (US).

(74) Agent: BROWNE, Robin, Forsythe; Urquhart-Dykes & 
Lord LLP, Tower North Central, Merrion Way, Leeds LS2 
8PA (GB).

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, 
MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ, 
OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, 
SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, 
VN, YU, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 
FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, 
SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, 
GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
— with international search report

(88) Date of publication of the international search report:
9 March 2006

For two-letter codes and other abbreviations, refer to the "Guid­
ance Notes on Codes and Abbreviations" appearing at the begin­
ning of each regular issue of the PCT Gazette.

(54) Title: NOVEL ANTIVIRAL MACROCYCLE DERIVATIVES AND METAL COMPLEXES, INCORPORATING 
BRIDGED MACROCYCLES

n

(57) Abstract: A compound of Formulae (1), (2) or (3), A|-Ph (1) or ArAr-A2 (2) or A1-(A2)A’-A3 (3) wherein A1; A2 and A3 are 
selected from Formulae (4), (5) and (6), or a salt whereof; wherein Ar is selected from the group consisting of 1,2-phenyl, 1,3-phenyl 
and 1,4-phenyl optionally substituted with one or more methyl groups; m and n are independently integers from 0 to 1; Ph is phenyl, 
optionally substituted with one or more methyl groups; Ar is tri substituted phenyl optionally substituted with one or more phenyl 
groups; and R , R and R are independently selected from the group consisting of H, Me and linear chain C2- C4 alkyl.



WO 2005/121109 PCT/GB2005/002297

5

10

15

20

25

NOVEL ANTIVIRAL MACROCYCLE DERIVATIVES AND METAL 

COMPLEXES, INCORPORATING BRIDGED MACROCYCLES

FIELD OF THE INVENTION

This invention relates to novel mono -or poly-azamacrocycle derivatives 

incorporating bridged macrocycles, methods of production thereof and dosage forms 

incorporating these derivatives. The invention also relates to use of the derivatives for 

manufacture of medicaments and to a method of treatment using these dosage forms. 

Preferred compounds in accordance with this invention are useful as CXCR4 co­

receptor antagonists, especially for anti-HIV and other anti-viral treatments.

BACKGROUND OF THE INVENTION

CXCR4 chemokine receptors, are found on the surface of immune cells, and 

interact with the specific natural ligand, known as CXCL12 or stromal cell-derived 

factor la (SDF-la). They have been revealed to play a role in a number of disease 

states. For example the CXCR4 SDF-la system has involvement in cancer 

progression and metastasis, and in the development of rheumatoid arthritis. CXCR4 

and CCR5 co-receptors have been identified as the entry route for HIV into cells, 

providing a new therapeutic approach to treatment by entry inhibitor drugs rather than 

the current preference for reverse transcriptase and protease inhibitors. An object of 

the present invention is to provide new antagonists for the CXCR4 co-receptor.

This invention may provide novel compounds that selectively bind to chemokine 

receptors based on cross bridged macrocycles. The compounds may incorporate metal 

ions and form stable complexes prior to administration.

It is an object of this invention to provide examples of bridged azamacrocyclic 

derivatives that show specific chemokine receptor binding.

CONFIRMATION COPY
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l SUMMARY OF THE INVENTION
According to a first aspect of the present invention there is provided compound 

of Formulae 1, 2 or 3,

5 Ai-Ph (1) orAi-Ar-A2 (2) or Ar(A2)Ar'-A3 (3)

wherein Ai, A2 and A3 are selected from Formulae 4 and 5.

(4)

or a salt whereof;
25 wherein Ar is selected from the group consisting of 1,2-phenyl, 1,3-phenyl and

1,4-phenyl optionally substituted with one or more methyl groups;
each n is independently an integer from 0 to 1; 
m is 1;
Ph is phenyl optionally functionalised with groups R4, wherein R4 is selected 

30 from the group consisting of: methyl, other C1-C4 alkyl and fluorophores;

2
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Ar' is trisubstituted phenyl optionally substituted with one or more phenyl 

groups; and
R1 is independently selected from the group consisting of H, Me and linear chain 

5 C2-C4 alkyl;
with the provisos that when Ph is unsubstituted phenyl in Formula 1 and Aj is 

Fonnula (4), Ri is not Me.

The invention further provides a complex of a compound selected from 
10 Formulae 1, 2 or 3 with a metal ion selected from the group consisting of: transition 

elements and mixtures thereof. In preferred compounds the complex is formed with 
divalent ions of copper and zinc or a mixture thereof.

In preferred compounds of Formula 1, 2 or 3, Ai and A2 are different. In this 
case the compound is termed ‘unsymmetrical’. In particularly preferred compounds Aj, 

15 A2 and A3 will be represented by Formulae 7 to 15.

(7) (8) (9) (10)
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Preferred compounds may be selected from Formulae 16 to 23:
5

Preferred compounds of the present invention may bind to CXCR4 chemokine 
cell surface receptors and find particular but not exclusive application as CXCR4 co­
receptor antagonists which are useful in anti-viral treatment, particularly HIV treatment.

In an unclaimed aspect this invention provides a method for treating a viral
disease in a mammal comprising administering to said mammal an effective amount of
a compound of Formula 1, 2 or 3, or a pharmaceutically acceptable salt or pro-drug

4
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thereof. Compounds of the present invention for application for comparative human and 

of veterinary treatments.

5 In another aspect this invention provides a pharmaceutical composition
comprising a compound of Formula 1,2 or 3 and a pharmaceutically inert carrier.

In another aspect such compounds may be labelled with radioactive metal 
isotopes or fluorescent tags allowing in vitro or in vivo imaging of the chemokine 

io receptors for diagnostic or therapeutic use. Such compounds may also be used in the 
screening of drugs for chemokine receptor binding.

Compounds of the present invention find application in manufacture of imaging 
agents, for example by covalently binding, chelating or coupling to a fluorophone or

is radioisotope. A 64Cu labelled compound may be used. A fluorophore or radioisotope 

containing moiety may be linked to the compound by covalent substitution to the 
phenyl group, aryl group or to the macrocycle. Such imaging agents may be used for 
drug screening for either CXCR4 binding molecules or for chemokine receptor imaging 
from cellular level to diagnostic imaging of whole organisms.

20

The invention is further described by means of example but not in any limitative
sense.

Compounds of the present invention are prepared from readily available starting
25 materials.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to mono- or poly-azamacrocyclic complexes that
3 0 incorporate a bridged macrocycle. A further aspect of the invention is the transition 

metal complexes that can be formed wherein said transition metal may have a valence 
of+1, +2, +3, +4 or +5. In certain aspects of the invention one or more different 
transition metals may be incorporated. The macrocyclic compounds or the metal

5
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complexes of the present invention are suitable for use as pharmaceuticals that 

specifically bind to chemokine receptors.

One aspect of the present invention relates to the blocking of a chemokine 

5 receptor by binding with a compound of the invention and the subsequent disruption

of the chemokine in another role.

In a preferred embodiment one bridged macrocyclic ring (A-,), of the type 

shown in the non-limiting examples of Formulae 7 to 15, is attached to the aryl ring,

10 Formula 1.

In a further preferred embodiment three macrocyclic rings, with one or more 

of the type shown in the non-limiting examples of Formulae 7 to 15, are attached to 

the aryl ring, Formula 3.

15

hi the most preferred embodiment two macrocyclic rings are attached to the 

aryl ring, with one or more from the non-limiting examples of Formulae 7 to 15, 

giving the preferred compounds shown of Formula 16 to 23.

20 In a preferred embodiment the two carbon linker of at least one macrocycle

connects two non-adjacent nitrogens within the ring:

In this embodiment n is 0 or 1 and R is an alkyl group of linear chain length 

one to six carbons, preferably Ci to C3, with the following structure preferred:

6
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In a preferred embodiment the two carbon linker of at least one macrocycle connects 

two adjacent nitrogens within the larger ring to form a six membered piperazine ring: 

for example with a 1,2-ethyl linker.

m

In this embodiment n is an integer from 0 or 1 and R1 is an alkyl group of linear chain 

length one to six carbons, preferably Ci to C3, with the following structure preferred:

hi a further embodiment there are one of more macrocyclic rings of different type 

arranged around the aryl centre, Ar (Ar = 1,2-phenyl, 1,3-phenyl, 1,4-phenyl, 1,3,5- 

phenyl).

7
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In this embodiment the following structure is preferred:

Transition metal complexes
cJ

The transition metal complexes of the present invention comprise one or more 

transition metals and a ligand with one or more macrocyclic chelators. The complexes 

of the present invention are charged species having formulae of the type shown in 

non-limiting examples 24 and 25. The transition metal may have valence of+1,+2,

10 +3, +4 or +5. In these cases a pharmaceutically acceptable anion would be present in

sufficient quantity to provide electronic neutrality. Non-limiting examples of 

preferred transition metals include Fe, Mn, Co, Ni, Cu and Zn.

Preferred examples of the linking aryl unit comprise a 1,4-substituted phenyl

15 unit, a 1,2-substituted phenyl unit, a 1,3-substituted phenyl unit or a 1,3,5-substituted 

phenyl unit. The most preferred substitution being 1,4-substituted phenyl. The 

remaining positions of the phenyl unit that are not substituted with macrocycles (Ai, 

As or A3) may be unsubstituted or alkyl substituted (linear alkyl chain Ci to C3) with 

methyl substitution preferred and unsubstituted most preferred.

8
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Linkage to Fluorophore

Another embodiment of the present invention comprises the attachment of a 

fluorescent tag to one or more of the macrocyclic chelators either in the presence or 

absence of one or more transition metal ions. A non-limiting example of a 

pharmaceutically viable fluorescent tag is Rhodamine B.

Linkage to Radioisotope

Another embodiment of the present invention comprises of the insertion of one 

or more radioisotopes into one or more of the macrocyclic chelators either in the 

presence or absence of one or more transition metal ions. A non-limiting example of
a pharmaceutically significant radioisotope for imaging applications is 64Cu

(
[following a similar procedure to that described by X. Sun et al. Journal of Medicinal 

Chemistry, 2002,45,469.]

Other aspects

Another embodiment of the present invention relates to a method of treating 

viral disorders which comprises administering to a mammal an amount of a 

compound selected from Formulae 1, 2 or 3, effective for treating the disorder, 

optionally together with one or more excipients or pharmaceutical carriers.

Generally, a sterile aqueous solution or a physiological or buffered solution of 

the invention or of its metal complexes will be administered to the patient in a variety 

of ways, including orally, intrathecally and especially intravenously. The invention 

may also be co-administered with other pharmaceuticals for anti-viral treatment.

9
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EXAMPLES

Example 1 para-Xylyl bisf 1,5,8,12-tetraazabieyclori 0.2.21hexadecane 

(Compound of Formula 16)

5

10

15

20
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czs-Perhydrotetraazapyrene, 1.2 g (5.40 mmol) and y>a/-a-xylenedibromide,

0.71 g (2.70 mmol) were stirred together in dry acetonitrile (20 ml) for 24 hr. A white 

precipitate resulted which was collected by filtration, washed in acetonitrile and dried 

in vacuo to give a white solid (1.35 g, 71%). [Procedure modified from M. Le Baccon 
et al, New Journal of Chemistry, 2001, 25,118.] Mass and NMR (*H and 13C) spectra 

were consistent with the expected product.

This compound, 1.16g (1.60 mmol), was dissolved in dry ethanol (100ml), 

stirred under nitrogen and NaBFL, 0.61g (16 mmol), added over a period of 20 mins. 

The solution was then stirred for a further 30 mins and refluxed under nitrogen for one 

hour. The solution was cooled to room temperature, 3M HCI (10ml) was added slowly 

and the solvent removed. The resulting residue was dissolved in water (30ml) and the 

pH was reduced to 14 using KOH pellets. Benzene was used to extract the basic 

solution (6x5 0ml). The combined extracts were dried, filtered and the solvent 

removed giving a white solid, (0.59g, 65%):
rH NMR (400 MHz, CDC13) δ 7.20 (s, 4H, Ar/7), 3.65 (s, 4H, NCHjjAr), 3.27 

(m, 4H, NG%), 3.02 (m, 4H, NC7T2), 2.93(m, 4H, NCH2), 2.70(m, 4H, NCF2),

2.63(m, 8H, NC%), 2.56(m, 12H, NCH2), 2.26(m, 4H, NCZ%),1.81 (s, 4H, Ν0λ2), 

1.72 (m, 4H, NCtf2).
13CNMR(CDC13) δ 136.40(JrCH2), 129.36(zfrH), 57.07(ArCH2N), 

56.24(CH2N), 55.51(CH2N), 55.15(CH2N), 54.73(CH2N), 51.30(CH2N),

50.62(CH2N), 48.26(CH2N), 48.17(CH2N), 26.43(NCH2CH2), 23.52(NCH2CH2).

The HCI salt of this compound was formed by following method. The solid, 

lOlmg (0.19mmol), was dissolved in methanol (10ml) and cone HChmethanol

10
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(lml:20ml) was added dropwise until a precipitate was observed. Filtrate was 

decanted off and this process was repeated twice. Finally, the filtrate was concentrated 

in vacuo to give a white powder as product. Mass and NMR (‘H and 13C) spectra were 

consistent with the expected product.

Example 2 Formula 17

pura-Xylyl bis(l,5,8,12-tetraazabicyclo[10.2.2]hexadecane (0.47g/0.85mmol) was 

10 dissolved in DCM (100ml). K2CO3 (0.22g/l .62mmol) and methyl iodide

(0.23g/0.10mI/l .62mmol) were added and the mixture was stirred at room 

temperature under nitrogen overnight. The reaction mixture was filtered to remove 

K2CO3 and the filtrate was concentrated in vacuo to yield an orange solid. Mass and 

NMR (IH and 13C) spectra were consistent with the expected product.

15 Yield = 0.47g (96%).

Synthesis of para-xylyl bis(l-methyl-l,5,8,12-tetraazabicyclo[6,6:2]hexadecane 

20 The bisaminal precursor, 0.41g (5.82 mmol) was added to 15ml of dry DMF

and methyl iodide, 0.725ml (12.0 mmol) then the solution was stirred for 14 days. The 

solvent was removed on the rotary evaporator giving a white solid, (0.38g).

The white solid, 0.38g (6.6 mmol) in minimum of dry ethanol was reduced 

with NaBHLt, 2.49g (66 mmol). The NaBHLt was added over a period of 1 hour.

11
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The reaction was left to stir for a further 14 days at room temperature. Excess 

NaBEU was decomposed with slow addition of 3M HCI (10ml) and the solvent 

removed. The resulting white solid was dissolved in water (30ml), the pH was 

adjusted to 14 using KOH pellets, and the basic solution was extracted with benzene

5 (6x50ml).

The combined extracts were combined and the solvent removed, giving a 
yellow oil. Mass and NMR (*H and 13C) spectra were consistent with the expected 

product.

10 Example 4 Metal complexes Formulae 24 and 25

Ligand (112.4mg/0.2mmol) was dissolved in methanol (20ml) and copper 

chloride (0.07g/0.4mmol) was added. The blue solution was refluxed for 2 hours and 

stirred at room temperature for 48 hours. The solution was concentrated in vacuo and 

redissolved in a minimum amount methanol for recrystallisation.

15 Ligand (133.6mg/0.23mmol) was dissolved in methanol (20ml) and zinc

acetate (0.10g/0.46mmol) was added. The orange solution was refluxed for 2 hours 

and stirred at room temperature for 48 hours. The solution was concentrated in vacuo 

and redissolved in a minimum amount methanol in an attempt to grow crystals.

Mass spectra and elemental analysis were consistent with the expected

20 products.

Example 5 Unsymmetric compounds

25

Glyoxal bridged cyelam (4.97g/22.39mmol) was dissolved in dry THF (50ml) 

and 4-(methylbromo)benzoic acid ester (5.14g/22.39mmol) was added. The resulting 

yellow solution was stirred at room temperature under nitrogen for 4 days. The filtrate 

was decanted off and washed with further THF (4 x 20ml). The remaining precipitate 

was concentrated in vacuo to yield a white powder as product. Mass and NMR (JH 

and13 C) spectra were consistent with the expected product.

12
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One-armed macrocycle (4.93g/10.91mmol) was dissolved in methanol

(250ml) and cooled to 0°C in an ice bath. NaBFU (3.80g/100mmol) was added slowly

over 30 minutes. The solution was stirred at room temperature for 1 hour and

concentrated in vacuo to a white solid as the product. Mass and NMR (1H and 13C)

spectra were consistent with the expected product.

This compound (2.37g/6.35mmol) was dissolved in CH3CN (50ml) and 

K2CO3 (0.87g/6.35mmol) was added. Methyl iodide (0.90g/0.40mV6.35mmo3) was 

added and the mixture was stirred at room temperature under nitrogen overnight. The 

resulting mixture was filtered to remove K2CO3 and concentrated in vacuo to yield an 

orange powder as product.

The one-armed ester (2.43g/6.35mmol) was dissolved in dry THF (100ml) and 

BH3.SMLe2 (2.06ml/20.64mmol) was added. The mixture was refluxed under nitrogen 

for 6 days The reaction was monitored by TLC to determine when it was complete. 

The reaction mixture was cooled in an ice bath and methanol was added until all the 

BH3.SMe2 had been consumed. The solution was concentrated in vacuo to yield a 

white solid. This was dissolved in brine (150ml) and extracted with dichioromethane 

(2 x 150ml, 1 x 300ml). The combined extracts were collected, dried (MgSCL) and 

concentrated in vacuo to yield a white solid. This was purified by column 

chromatography (95% DCM, 5% methanol and 3 drops of Et3N).
Yield = 0.93g (40%) (% yield for steps 4 and 5 together is 37%). *H NMR (CD2C12) δ 

1.62-1.64 (ηι, 1H), 2.07 (s, 1H, CH2OH), 2.40-2.79 (m, 6H), 3.28 (s, 5H), 3.61-3.66 

(ηι, 2H), 3.88-3.89 (m, 3H), 4.60-4.70 (m, CH2OH), 7.34-7.36 (m, 2H, CHaromatic, J = 

8.16Hz), 8.00-8.05 (m, 2H, CHaromatic J = 8.16Hz).i3C NMR (CD2C12) δ 1.10, 67.18, 

67.19, 77.40, 77.72, 78.04, 129.67 (Caromatic), 129.96 (CHaromatic), 130.00 (CHaromatic).

One-armed macrocycle alcohol (0.79g/2.20mmol) was added to PBr3 

(0.19ml/2.20mmol) and a catalytic amount of pyridine (~0.02ml) was added. The 

mixture was stirred at room temperature overnight (an orange colour was observed) 

and at 100°C for 1 hour. Water (20ml) was added slowly and made up to pH 14 with 

KOH pellets. The aqueous layer was extracted with dichioromethane (3 x 30ml). The 

combined extracts were collected, dried (MgSO4) and concentrated in vacuo to yield 

an orange solid as product. Yield = 0.64g (69%) NMR (CD2C12, 400 MHz) δ: 7.19 

(d, 8.2 Hz), 7.88 (d, 8.2 Hz), 3.17-3.00 (m, 2H), 2.97-2.83 (m, 2H), 2.82-2.68 (m, 

2H), 2.60-2.18 (m, 16H), 2.15-2.02 (m, 2H), 1.72-1.50 (m, 6H).

13
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• One-armed bromide (0.30g/0.71mmol) was dissolved in CH3CN (100ml) and 

butanedine bridged cyclam (0.18g/0.71mmol) was added. The resulting dark orange 

solution was stirred at room temperature under nitrogen for 48 hours. The filtrate was

5 decanted off and washed with further CH3CN (4 x 20ml). The remaining precipitate 

was concentrated in vacuo to yield a white/orange solid as product.

Yield = 0.23g (48%) .

Bis-macrocycle with butanedione bridged pendent arm (11) (0.21 g/0.3 lmmol) 

10 was dissolved in ethanol (50ml) and HCI (10% aq./50mT) was added. The orange 

solution was stirred at 60°C for 48 hours. The solution was concentrated in vacuo and 

water (50ml) was added. The pH was raised to 14 with KOH. The aqueous layer was 

extracted with DCM (3 x 100ml). The combined extracts were collected, dried

(MgSOzt) and concentrated in vacuo to yield a yellow oil.

15

Example 6 l,5,9,13-Tetraazabicyclo[11.2.2]heptadecane derivatives

1,1 ’-[Ifl-phenylenebis/methylene^-bisflN,9,12 Tetraazabicyclo[3.6.9.11] 
heptadecane) '

14
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The bis-monoquatemary macrocycle salt [synthesised by a modified procedure 

from M. LeBaccon etal, New Journal of Chemistry, 2001, 25, 118.] (1.27mmol, 

0.933g) in dry ethanol (100ml) was cooled in au ice bath under an inert atmosphere. 

Sodium borohydride (12.2 mmol, 0.479g) was added slowly. The mixture was stirred

5 for 30 minutes and refluxed for 1 hour. The solvent was evaporated and water (60ml) 

added. The pH was then raised to 14 using KOH. Dichioromethane was used to 

extract the basic solution and the extracts were dried over sodium sulphate for 30 

minutes. The solution was then filtered and the solvent removed from the filtrate to 
give a white solid. Mass and NMR (*H and I3C) spectra were consistent with the

10 expected product. Yield = 91%.

Formation of the HCI salt.

The bis(macrocycle) (0.3448mmol, 0.2g) was dissolved in ethanol (20ml) and 

HCI gas was bubbled through the solution for 5 minutes. A white powder precipitated

15 out and was filtered off to yield the HCI salt. Mass and NMR ('H and 13C) spectra 

were consistent with the expected product. Yield = 85%

Formation of a copper complex

Copper acetate (0.74 mmol, 0.158g) in methanol (30ml) was slowly added to 

20 stirred solution of the bis(macrocycle) (0.34 mmol, 0.20g) in methanol (20ml) under

an inert atmosphere. The copper solution changed colour from turquoise to blue on 

addition to the macrocycle solution, indicating that the copper was complexing with 

the macrocycle. The mixture was stirred and refluxed for 1 hour. After which it was 

dried on the schlenk line to yield a blue crystalline powder. The mass spectrum was

25 consistent with the expected product. Yield = 0.29g (90%)

Formation of the zinc complex

Zinc acetate (0.74 mmol, 0.159g) in methanol (30ml) was slowly added to 

stirred solution ofthe bis(macrocycle) (0.34 mmol, 0.20g) in methanol (20ml) under 

an inert atmosphere. The mixture was stirred and refluxed for 1 hour after which the

30 product was dried on the schlenk line to yield the zinc complex. The mass spectrum 

was consistent with the expected product.

15
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Example 7

Fluorophore tagged CXCR4 binding molecules for receptor imaging

Formation of Rhodamine-bridged macrocycle conjugate 

5 The conjugate was formed following the typical procedure for combining an

isothiocyanate with a free amine group to form a thiourea linkage [example 

methodology Μ. M. Huber et al., Bioconjugate Chemistry, 1998, 9, 242.]. Equimolar 

amounts of rhodamine B isothiocyanate was combined with the one armed 

macrocycle containing a 4-aminobenzyl moiety and triethylamine in methanol and

10 stirred at RT overnight. The product was purified by passing down a sephadex LH-20 

column eluted with methanol. The NMR and mass spectral data were consistent with 

the desired conjugate.

Formation of copper complex

15 Equimolar amounts of copper perchlorate and rhodamine B-bridged

macrocycle conjugate were combined in ethanol and heated to reflux for 2 h. On 

evaporation the complex was obtained as a purple solid that could be purified further 

by passing down a sephadex LH-20 plug in methanol.

20 Binding of Rhodamine-bridged macrocycle conjugates and complexes

Two monocyclam compounds were tagged with rhodamine and specific

binding to the CXCR4 receptor was analysed by incubating with jurkat cells. Cell 

samples were analysed by flow cytometry as described in example 8, below.

25 Rhodamine-bridged macrocycle conjugate activity

This shows the structure of a novel rhodamine fluorophore conjugate

molecules and the flow cell cytometry binding data showing binding of the chelator to 

the CXCR4 chemokine receptor.

16
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Rhodamine-bridged macrocycle copper complex

This shows the structure of a novel rhodamine fluorophore conjugate molecule and 

the flow cell cytometry binding data showing binding of the copper complex to the 

CXCR4 chemokine

5 receptor.

Example 8

10 Competition with CXCR4 binding antibodies demonstrating CXCR4 receptor binding

Antibody stainings andflow cytometry

The antibodies used in this study were: unconjugated mouse anti-human 

CXCR4 mAbs clones 44708.111, 44716.111, PE-conjugated clone 44717.111 and

15 12G5 (R&D Systems Europe, Abingdon, UK). Cells were preincubated with 20μΜ

18
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of the compound for 30 mins. Thereafter cells were incubated with each of the mAbs 

for a further 60 mins. In the case of the direct binding assay, serial dilutions of the 

compound were added simultaneously with the antibody (44708.111). Cells were 

then incubated with a secondary fluorescein isothiocyanate-conjugated anti-mouse

5 antibody (IgG-FITC)(Serotec, UK) for 30 mins. Cell samples were analysed by a 

FACScan flow cytometer (BD Biosciences Europe. Erembodegem, Belgium). Data 

were acquired and analysed with CellQuest software (Becton Dickinson) on an Apple 

Macintosh computer. Relative percentage inhibitions were calculated from the mean 

fluorescent intensity of the whole cell population and relative inhibitory concentration

10 (IC) values were obtained by non linear regression analyses using the Graphpad prism 

software.

The following table shows antibody competition studies that demonstrate our 

molecules effectively bind to the CXCR4 chemokine receptor and compete with

15 CXCR4 specific monoclonal antibodies.

Antagonist IC50 (μΜ) IC90 (μΜ)

25 0.178 0.853

Zn(21) 0.254 1.349

24 0.260 1.516

Cu(16) 0.331 2.845

16 17.025 >17.025

Anti-viral inhibitory action and cytotoxicities of examples of the drugs

20 Antiviral Assay and Cyioxiciiy Assay

Anti-HIV activity and cytoxicity measurements in MT-4 cells were based on

viability of cells that had been infected or not infected with HTV-1 (HEB) and HIV-2 

(ROD) x4 strainsexposed to various concentrations of the test compound [following 

the procedure of S. Harada et al., Science, 1985, 229, 563]. The MT-4 cells were

25 allowed to proliferate for 5 d after which time the number of viable cells was

19
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quantified by tetrazolium-based colorimetric method [described by R. Pauwels et al., 

Journal of Virology Methods, 1988, 20, 309.]

5 This data demonstrates the in-vitro anti-HIV activity of some of our compounds
showing inhibition of infection by the HIV virus in MT-4 cells.
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Compound HTV strain av IC50(pM) av CC50(pM)

16 HIV-1 6.98 >225

HIV-2 23.2 >225

Cu(16) HIV-1 0.028 >150

HIV-2 0.060 >150

24 HIV-1 0.0025 60.56

HIV-2 0.0040 60.56

It is to be understood that, if any prior art publication is referred to herein, such 
reference does not constitute an admission that the publication forms a part of the 
common general knowledge in the art, in Australia or any other country.

is In the claims which follow and in the preceding description of the invention,
except where the context requires otherwise due to express language or necessary 
implication, the word “comprise” or variations such as “comprises” or “comprising” is 
used in an inclusive sense, i.e. to specify the presence of the stated features but not to 
preclude the presence or addition of further features in various embodiments of the

2 0 invention.
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The claims defining the invention are as follows:
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1. A compound of Formulae 1, 2 or 3,
5

Aj-Ph (1) orAi-Ar-A2 (2) or Ai-(A2)Ar'-A3 (3)

wherein Aj, A2 and A3 are selected from Formulae 4 and 5.

15 or a salt whereof;
wherein Ar is selected from the group consisting of 1,2-phenyl, 1,3-phenyl and 

1,4-phenyl optionally substituted with one or more methyl groups;
each n is independently an integer from 0 to 1; 
m is 1;

20 Ph is phenyl optionally functionalised with groups R4, wherein R4 is selected

from the group consisting of methyl, other C1-C4 alkyl and fluorophores;
Ar' is trisubstituted phenyl optionally substituted with one or more phenyl 

groups; and
R1 is independently selected from the group consisting of H, Me and linear chain

25 C2-C4 alkyl;
with the proviso that when Ph is unsubstituted phenyl in Formula 1 and Ai is

Formula (4), Ri is not Me.
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l A compound as claimed in claim 1, wherein Ai, A2, and A 
selected from a group consisting of the Formulae 7 to 15,

3 are independently

C"A

N.

Ο

Ν N
MR

nA

Or

Ν N.
I___ I R

I—IxA

ΟΪ

n n;
I____I R

(7) (8)
>

(9) (10)

nA

Co

An n-6 7 Ν N

nA

Cr

Ν N

nA

Qo

R'M Rn
R I___ I

(11) (12) (13) (14)

3. A compound as claimed in claim 1 or 2 wherein R is H or Me.

4. A compound as claimed in any preceding claim wherein Ai and A2 are different.

io 5. A compound as claimed in any preceding claim complexed with a metal ion
selected from transition metal elements and mixtures thereof.

6. A compound as claimed in any preceding claim labelled with a radioactive metal 
species or a fluorescent tag.

15
7. A compound as claimed in any preceding claim in which is inserted one or more 

radioisotopes.

22
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5 9. A CXCR4 co-receptor antagonist as claimed in any preceding claim.

10. The use of a compound as claimed in any of claims 1 to 8 for manufacture of an 
anti-viral dosage form.

10 11. The use of any compound as claimed in claim 10 for manufacture of a dosage
form for treatment of HI VS.

12. A method of treating a viral disease in a mammal comprising administering to
said mammal an effective amount of a compound as claimed in any of claims 1

15 to 8 or a pharmaceutically acceptable salt or pro-drug thereof.

23
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l 13. A pharmaceutical composition comprising a compound as claimed in any of 
claims 1 to 8 and a pharmaceutically inert carrier.

14. Use of any of the compounds as claimed in any of claims 1 to 8 for manufacture 
of a radiopharmaceutical for imaging chemokine receptors.

15. The use of any of the compounds as claimed in any of the claims 1 to 8 with a 
fluorescent tag for use in cellular or tissue imaging of the CXCR4 receptor.

io 16. The use of fluorescently labelled compounds claimed in claim 6, in drug 
screening assays for chemokine receptor binding.

17. A compound of Formulae 1,2, or 3, or a process for preparing the compound, or 
a pharmaceutical composition comprising the compound, or uses or methods

is involving the compound, substantially as herein described with reference to the
Examples.

24
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