Office de la Propriete Canadian CA 2913313 A1 2013/11/28

Intellectuelle Intellectual Property
du Canada Office (21) 2 91 3 31 3
(Lj’,[‘ng[%?rfi“esgaena i mjgtf;‘éyaﬁ; i 12y DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2013/05/24 (51) ClL.Int./Int.Cl. A67K 31/7084 (2006.01),

A61P 29/02 (2006.01)
(71) Demandeur/Applicant:

(87) Date publication PCT/PCT Publication Date: 2013/11/28
(85) Entree phase nationale/National Entry: 2015/11/23 GLOBALACORN LTD.. GB
(86) N° demande PCT/PCT Application No.: GB 2013/051377

(72) Inventeurs/Inventors:

(87) N° publication PCT/PCT Publication No.: 2013/17/5231 MILLER. ANDREW DAVID, GB:

(30) Priorité/Priority: 2012/05/25 (GB1209244.1) LOZOVAYA, NATALYA, FR;
BURNASHEYV, NAIL, FR;

GINIATULLIN, RASHID, Fli
(74) Agent: RIDOUT & MAYBEE LLP

(54) Titre : DINUCLEOSIDE POLYPHOSPHATES POUR LE TRAITEMENT DE LA DOULEUR
(54) Title: DINUCELOSIDE POLYPHOSPHATES FOR THE TREATMENT OF PAIN

(57) Abrege/Abstract:
The Invention provides a dinucleoside polyphosphate analogue, or a pharmaceutically acceptable salt thereof, for use In the

Inhibition (or down-regulation) of a pain, via a transducing ATP -gated P2X3 receptor, often by means of high-affinity
desensitisation (HAD) mechanism.

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




wO 20137175231 A1 [ AT SR AR 000 O OO R

(43) International Publication Date

CA 02913313 2015-11-23

(19) World Intellectual Property
Organization
International Burecau

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

(10) International Publication Number

WO 2013/175231 Al

28 November 2013 (28.11.2013) WIPO | PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
A61IK 31/7084 (2006.01) A61P 29/02 (2006.01) kind of national protection available). AE, AG, AL, AM,
, . AQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ CA CH CL CN. CO. CR. CU CZ DE. DK. DM
PCI/GB2015/051377 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS5, JP, KE, KG, KM, KN, KP,
24 May 2013 (24.05.2013) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
» . ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
(26) Publication Language: English RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
(30) Priority Data: ZM, ZW. .
1209244.1 25 May 2012 (25.05.2012) GB
(84) Designated States (unless otherwise indicated, for every
(71) Applicant: GLOBALACORN LTD. [GB/GB]; 22 kind of regional protection available). ARIPO (BW, GH,
Temple Road, London W4 SNW (GB). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(72) Imventors: MILLER, Andrew David; 22 Temple Road, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, 1J,
Chiswick, London W4 3NW (GB). LOZOVAYA, Nata- IM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
lya; Inméd-lnserm U 901 Université de la Medite;rranée EE, 5, KL, FR, GB, GR, HR, HU, 1k, 15, IT, LT, LU, LV,
h}/}a;seille Ameénagement ,163 route de Luminy-BP3 Fj ML, MK, ML, ML, NU, TL, T2, KO, 85, A6, 51, 55, a,
13273 Marseille (FR). BURNASHEY, Nail, Inmed-In- ﬁi)’ B?IQP;I](EBENB%[E F]Z (EJ:)G’ o, €, G4, G, OQ, G,
serm U 901, Universite¢ de la Mediterrance, Marseille ’ T T '
Aménagement, 163 route de Luminy-BP3, F-13273 Mar- Published:
seille (FR). GINIATULLIN, Rashid; University of East- s .
ern Finland, AIVL Dept. Neurobiology, P.O. Box with international search report (Art. 21(3))
1627/Neulaniementie 2, F-70211 Kuopio (FR).
(74) Agent: WRIGHT, Simon Mark; 14 South Square, Gray's

Inn, London WCIR 3]JJ (GB).

(54) Title: DINUCELOSIDE POLYPHOSPHATES FOR THE TREATMENT OF PAIN

(57) Abstract: The mvention provides a dinucleoside polyphosphate analogue, or a pharmaceutically acceptable salt thereot, for use
in the mhibition (or down-regulation) of a pain, via a transducing ATP -gated P2X3 receptor, often by means of high-atfinity desens -
itisation (HAD) mechanism.



CA 02913313 2015-11-23

WO 2013/175231 PCT/GB2013/051377

DINUCELOSIDE POLYPHOSPHATES FOR THE TREATMENT OF PAIN

Field of the invention

The present invention relates to the use of (analogues) of dinucleoside polyphosphates and
other compounds as potent and selective inhibitors or down-regulators of P2X3 receptors, in
particular to their use for the treatment (or prevention or reduction) of (acute to chronic)

nociceptive pain, such as back pain.

Background to the invention

More than 270 million people worldwide suffer from chronic pain, which 1s still treated
predominantly by opioids and non-steroidal anti-inflammatory drugs (NSAIDs). While there
have been small improvements 1n both these areas, they still suffer from significant adverse

side etfects and dependency 1ssues.

It 1s suggested that P2X3 receptors are mnvolved 1n various states of chronic pain, including
inflammatory and cancer-associated pain. Previous studies have shown that P2X3 antagonists
or genetic deletion can have analgesic effects on mmflammatory and neuropathic pain models.
The activities of P2X3 receptors may be inhibited by several non-nucleotide antagonists. AF-
353, a bacterial DHFR mbhibitor, 1s a potent and selective non competitive antagonist of P2X3
(Gever et al, 2010). It has been shown to allosterically modulate the interaction of nucleic
acids with P2X3 without being a competitive antagonist of a,-meATP. A-317491 1s a
competitive antagonist of P2X3 and P2X 2/3, and binds to P2X3 receptors within a
micromolar range of concentration (Jarvis et al, 2002). Systemic administration of A-317491
eftectively reduced nociception in mflammatory and neuropathic pain models (Jarvis et al .,
2002, McGaraughty et al., 2003). A-317491 also effectively blocked persistent pain 1n the
formalin and acetic acid-induced abdominal constriction tests but was generally mactive 1n
models of acute noxious stimulation. A-317491 1s more efficient when 1njected intrathecally
than 1n peripheral nervous system (Jarvis et al, 2002), indicating action within the central
nervous system. RO-3, a non-competitive antagonist of P2X3 receptors, has been found to
induce anti-nociception in animal models (Gever et al., 2006). Purotoxin-1, a spider venom
peptidic toxin, binds to P2X3 and exerts a selective mhibitory action on P2X3 receptors

(Grishin et al., 2010), its binding mechanism is not well known.
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However research into potent P2X3-selective ligands with reasonable bioavailability 1s still
lacking. To date, no selective P2X3 receptor antagonists have been evaluated successfully in

clinic for the reliet of chronic nociceptive or neuropathic pain.

Summary of the invention

The present invention represents a useful and potent altemative to existing P2X3 ligands and

can alleviate (some of) the problems of the prior art.

In one aspect, the present invention provides a dinucleoside polyphosphate (analogue), or a
pharmaceutically acceptable salt thereof, for use 1n the (e.g. selective) mhibition (or down-
regulation) of a pain transducing ATP-gated P2X3 receptor. In particular, the dinucleoside
polyphosphate analogue may be for use 1n the treatment of pain, especially moderate to
chronic pain, or back pain. Thus, the present invention also provides a dinucleoside
polyvphosphate (analogue), or a pharmaceutically acceptable salt thereof, for use 1n the

treatment of (moderate to chronic) pain.

In another aspect, the present invention provides a method of inhibition (or down-regulation)
of a pain transducing ATP-gated P2X3 receptor comprising administering an etfective

amount of a dinucleoside polyphosphate (analogue) or a pharmaceutically acceptable salt

thereof.

The mvention further provides the use of a dinucleoside polyphosphate analogue or a
pharmaceutically acceptable salt thereof 1n the manufacture of a medicament for inhibition (or

down-regulation) of a pain transducing ATP-gated P2X3 receptor.

The invention also relates to compounds, such as dinucleoside phosphates, that can act on

selected receptor(s) and/or through novel mechanisms (such as HAD).

The dinucleoside polyphosphate analogues as used 1n the present invention are particularly
potent, and are effective i the mhibition of pain (especially moderate to chronic pain) when

administered at low concentrations.

Brief description of the drawings

Figure 1. Partial agonist activity of AppNHppA at rat homomeric P2X3 receptors. A.
Example of responses induced by different concentrations of AppNHppA (1 uM - 100 pM)
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applied for 2 s to HEK cells expressing rat P2X3 receptors. B. Comparison of currents
induced by the full agonist of P2X3 receptors a,-meATP (10 uM, left ) and saturating (1
mM, right) concentration of AppNHppA 1n the same cell. Note the significantly smaller

amplitude of the latter. C. Bar graphs showing mean £ SEM amplitude of currents induced
by o,,B-meATP at 10 uM and AppNHppA at different concentrations (10 uM — 1 mM),
n=7.

Here and below *p < 0.03, **p <0.001, ***p <0.0001.

Figure 2. Activation and inhibition of rat P2XJ3 receptors by AppNHppA. Top:
Experimental protocol. Test pulses of 10 uM of a,3-meATP were delivered every 2 min.
After two control pulses, AppNHppA at different concentrations was applied for 6 minutes.

A, B. Example traces of P2X3 mediated currents 1in control and after 2 min application of 10
nM (A) and 3 uM (B) of AppNHppA (corresponding to the part of the experimental

protocol outhined by a dotted box). C. The time course of the current inhibition by
AppNHppA at different (1 nM - 3 uM) concentrations (n=4-6). Current amplitudes are

normalized to control. D. Dose-response curves for activation and inhibition of P2X3

mediated currents by AppNHppA. Note that inhibitory curve for AppNHppA (ICsq=0.2 £

0.04 uM, n=3-6) does not overlap with the dose-response curve for activation (ECsp= 41.6 -

1.3 uM; ng=1.38 =+ 0.05; n=38).

Figure 3. The inhibitory and agonist etfect of AppCH,ppA on homomeric P2X3

receptors. A. Example traces of P2X3 mediated currents in control and after application of
1 uM AppCH,ppA. The same experimental protocol as shown i Fig 2. Test 10 uM o,3-
meATP pulses were applied every 2 min (low rate). B. The same as in A, but test o,3-
meATP pulses were applied every 30 s (high rate). C. Bar graphs showing inhibitory action

of AppCH,ppA at low and high rate of activation. D. Dose-response curves for activation
and mhibition of P2X3 mediated currents by AppCH;ppA. ICso = 0.55 £ 0.2 uM, (n=4-7),
EC50:9.30 + 1.7 },lM; Ny— 2.27 + 0.56; (n=5).

Figure 4. The non-inhibitory effect of AppNHppA on homomeric P2X2, P2X4 and
P2X7 receptors. A. Example¢ traces of responses induced by 10 uM ATP applied for 2 s
every 2 min to HEK cells expressing rat homomeric P2X2 receptors in the presence and

absence of 1 uM AppNHppA. B. Comparison of currents induced by the full agonist of
P2X2 receptors, ATP, 1n the presence of 1 uM AppNHppA (right) and absence (left). C.

The time course of the current 1n the presence and absence of 1 uM AppNHppA. D.
Comparison of currents induced by the full agonist of rat homomeric P2X4 and P2X7



CA 02913313 2015-11-23

WO 2013/175231 PCT/GB2013/051377

receptors, ATP, in the presence of 1 uM AppNHppA (right) and absence (left). Experiments

were performed as in Fig. 2.

Figure 3. Selective inhibition of P2X3 subunit containing receptors by AppNHppA 1n

rat sensory neurons. A. The relative proportion of cells with fast, mixed and slow current
types elicited by a,B-meATP 1in TG, DRG or NG neurons. Typical examples of fast, mixed
and slow currents are shown 1n panels B-D respectively. B-D. Examples showing inhibitory
action of AppNHppA (1 uM, 6 min application) on responses evoked by 10 uM a.,3-
meATP 1n trigeminal (TG), dorsal root (DRG) and nodose (NG) ganglia neurons,

respectively. Note preterential inhibition of fast currents. E-G. Bar graphs showing the
inhibitory action of AppNHppA on fast (peak) and slow (residual, at the end of a,[3-mecATP
application) currents 1n different gangha in TG (E), DRG (F) or NG (G) neurons.

Figure 6. Effects of subcutaneous ApsA analogues on pain responses induced by

intraplantar (right hindpaw) formalin injection. Rats were subcutancously mjected with
formalin solution alone (0.5%, 50 uL, control) or co-imjected with the formalin solution and
solutions with AppCHyppA (1 uM - 100 uM, 100 uL) or AppNHppA (0.1 uM - 100 uM,
100 uL). Age-matched control animals were injected with saline. A. Time-course of the
etfects of subcutancous AppCH;ppA (a) and AppNHppA (b) on the number of the
spontancous jerkings of the imnjected paw. B. Bar-graphs of the effects of AppCHyppA (a, b)

and AppNHppA (c, d) on the mtegral number of spontancous jerkings. Measurements were

made during the acute phase (0-6 min) and tonic phase (7-45 min) of the formalin response.
C. Dose-response curves for AppCHyppA (a) and AppNHppA (b) during tonic and acute

phases.

Figure 7. Control injection of 100 uM (100 uL) of AppCH,ppA and AppNHppA. Lack
of nociceptive behavior. A. Time-course of the effects of subcutanecous AppCH,ppA and
AppNHppA on the number of the spontaneous jerkings of the injected paw. B. Bar-graphs of
the effects of AppCHyppA, AppNHppA and saline on the integral number of spontaneous
jerkings.

Figure 8. Subcutaneous ApsA analogues reduced thermal hyperalgesia induced by

complete Freund adjuvant (CFA). A. Time-course of the effects of 1 and 20 uM (100 pL)
of AppCH,ppA and AppNHppA on the paw withdrawal latency (PWL). B. Bar-graphs of the
effects of AppCH,ppA and AppNHppA on the integral PWL.
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Figure 9. Subcutaneous administration of AppCH,ppA (S0 pM, 100 nL) reduced
thermal hyperalgesia in rats with Partial Sciatic Nerve Ligation (PSNL). Time-course of

the effects of 50 uM (100 uL) of AppCH,ppA on PWL.

Figure 10. Intrathecal administration of AppCH,ppA (20 uM, 100 nL) induced less
pronounced analgesia, compared to intraplantar injection. A. Time-course of the effects
of 1.t. AppCH,ppA on complete Freund adjuvant-induced thermal hyperalgesia (Hargreaves
plantar test). B. Bar-graphs of the effects of 1.t. AppCHyppA on rat PWL.

Detailed description of the invention

The 1invention uses dinucleoside polyphosphates, a family of compounds comprising two
nucleoside moieties linked by a polyphosphate bridge. They can be represented by Np.N,
wherem N represents a nucleoside moiety, p represents a phosphate group and n 1s the
number of phosphate groups (¢.g. 2 to 7). Analogues of dinucleoside polyphosphates are
compounds (typically synthetic) having a structure based on that of a dinucleoside
polyphosphate, wherein one or more parts of the structure have been altered. For example the
nucleobase, the sugar and/or the phosphate backbone may be modified, or partially or fully

replaced, by another suitable moiety.

For example, one or more polyphosphate chain oxo-bridges may be replaced by a different
bridge to mncrease the biological halt-life of the compound iz vivo. Such analogues may be
designed to provide stability and/or biocompatibility. To achieve this, the analogue should be
resistant to decomposition by biological systems iz vivo. For example, the analogue may
have mcreased hydrolytic stability, 7.e. resistance to the breakdown of the molecule by
specific enzyme cleavage (e.g. by one or more types of nucleotidase) and/or non-specitfic

hydrolysis.

Preferably the compounds are diadenosine polyphosphates (€.g. of the type Apn,As; where n 1s
2-7), such as naturally occurring purinergic ligands consisting of two adenosine moieties
bridged by a chain of two or more phosphate residues attached at the 5 -position of each nbose
ring. In particular, P', P*-diadenosine tetraphosphate (ApsA) and P', P°-diadenosine
pentaphosphate (ApsA) are contemplated. These are present in high concentrations
endogenously 1n the secretory granules of chromaffin cells and 1n rat brain synaptic terminals.
Upon depolarization, Ap,As are released in a Ca” -dependent manner and their potential role

as neurotransmitters has been proposed. However, 1n spite of being well known for many



CA 02913313 2015-11-23

WO 2013/175231 PCT/GB2013/051377

years, pure functions of Ap,As have been difficult to define because of both specific
enzymatic cleavage and nonspecific hydrolytic breakdown. Ap,A analogues can be more
stable than naturally occurring diadenosine polyphosphates with respect to both specific

enzymatic and nonspecific hydrolytic breakdown.

Preferred Compounds

Preferably, the dinucleoside polyphosphate (of the NP, N type) for use in the present

invention 1s a compound of formula (I):

: O : \/ O | O V\/

or a pharmaceutically acceptable salt thereof,

(D)

wherein X, X' and Z are independently selected from
I
—(CR1R2)— —NH— —O0—P—0O0— —0O0——
n °’ ? :

hal

wherein R' and R” are independently selected from hydrogen, halogen, hydroxyl, cyano or an
unsubstituted group selected trom C; 5 haloalkyl, C,; alkyl, C;4 aminoalkyl and C,.4
hydroxyalkyl, and n 1s selected from 1, 2, 3, 4, 5 and 6;

cach Y 1s mdependently selected from =S and =0;

B, and B, are independently selected from a 5- to 7- membered carbon-nitrogen heteroaryl
ogroup which may be unfused or fused to a further 5- to 7- membered carbon-nitrogen
heteroaryl group

S: and S, are independently selected from a bond, C, ¢ alkylene, C,¢ alkenylene, C,4

alkynylene and a moiety of formula (1I):

‘%4(CR1R2)p Linker (CR3R4)q_§_

(1)

wherein
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R', R?, R’ and R independently represent hydrogen, halogen, hydroxyl, cyano or
an unsubstituted group selected from C,_; haloalkyl, C,;alkyl, C;4, aminoalkyl
and C,, hydroxyalkyl;
p and q independently represent O, 1, 2 or 3, preferably 0, 1 or 2; and
| Linker] represents:
(1) —-0-, -S-, -C=0- or -NH-;
(11) C.4 alkylene, C,4 alkenylene or C,_, alkynylene, which may
optionally contain or terminate 1n an ether (—0-), thioether (-S-), carbonyl (-
C=0-) or amino (-NH-) link, and which are optionally substituted with one
or more groups selected from hydrogen, hydroxyl, halogen, cyano, -NR’R”
or an unsubstituted group selected from C,.4 alkyl, C,4 alkenyl, C,.4 alkoxy,
C,4 alkenyloxy, C,4 haloalkyl, C,., haloalkenyl, C,.4 aminoalkyl, C,4
hydroxyalkyl, Ci4acyl and C,. alkyl-NR’R® groups, wherein R’ and R® are
the same or different and represent hydrogen or unsubstituted C,_; alkyl; or
(111) a 5 to 7 membered heterocyclyl, carbocyelyl or aryl group, which
may be optionally substituted with one or more groups selected from
hydrogen, hydroxyl, halogen, cyano, -NR’R® or an unsubstituted group
selected from C,.4 alkyl, C,4 alkenyl, C,4alkoxy, C,4 alkenyloxy, Ci4
haloalkyl, C,4 haloalkenyl, C,4 aminoalkyl, C,., hydroxyalkyl, C,,acyl and
C,.4 alkyl-NR’R® groups, wherein R’ and R® are the same or different and
represent hydrogen or unsubstituted C,_, alkvl;
V 1s selected from O, 1, 2, 3. 4 and 3;
U 1s selected tfrom O, 1, 2, 3. 4 and 3;
W is selected from O, 1, 2, 3, 4 and 5: and
V plus U plus W 1s an mteger from 2 to 7.

As used herein, a C4 alkyl group or moiety 1s a linear or branched alkyl group or moiety
containing from 1 to 4 carbon atoms. Examples of C,4 alkyl groups include methyl, ethyl, n-

propyl, 1-propyl, n-butyl, 1-butyl and t-butyl.

As used herein, a C,4 alkenyl group or moiety 1s a linear or branched alkenyl group or moiety
having at least one double bond of either E or Z stereochemistry where applicable and
containing from 2 to 4 carbon atoms, such as -CH=CH, or -CH,-CH=CH,,
-CH,-CH,-CH=CH,, -CH,-CH=CH-CH;, -CH=C(CH;)-CH; and -CH,-C(CH;)=CH,.

As used herein, a C, 4 alkylene group or moiety 1s a linear or branched
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alkylene group or moiety, for example a C,4 alkylene group or moiety. Examples include

methylene, n-ethylene, n-propylene and -C(CHs;),- groups and moieties.

As used herein, a C, 4 alkenylene group or moiety 1s a linear or branched alkenylene group or

moiety, for example a C,4 alkenylene group or moiety. Examples include -CH=CH-,

-CH=CH-CH,-, -CH,-CH=CH- and -CH=CH-CH=CH-

As used herein, a C,5 alkynylene group or moiety 1s a linear or branched alkynylene group or
moiety, for example a C,4 alkynylene group or moiety. Examples include -C=C-, -C=C-CH;-
and 'CHQ'CEC'.

As used herein, a halogen atom 1s chlorne, fluorine, bromine or 10dine.

As used herein, a C,4 alkoxy group or C,.4 alkenyloxy group 1s typically a said C,.4 alkyl

group or a said C,_4 alkenyl group respectively which 1s attached to an oxygen atom.

A haloalkyl or haloalkenyl group 1s typically a said alkyl or alkenyl group respectively which
1s substituted by one or more said halogen atoms. Typically, 1t 1s substituted by 1, 2 or 3 said
halogen atoms. Preferred haloalkyl groups include perhaloalkyl groups such as -CX5 wherein

X 15 a said halogen atom, for example chlorine or fluorne.

Preferably, a C,.4 or C,5 haloalkyl group as used herein 1s a C,5 fluoroalkyl or C, 3
chloroalkyl group, more preferably a C,5 tfluoroalkyl group.

As used herein, a C,4 aminoalkyl group 1s a C,4 alkyl group substituted by one or more
amino groups. Typically, it 1s substituted by one, two or three amino groups. Preferably, it 1s

substituted by a single amino group.

As used herein, a C,4 hydroxyalkyl group 1s a C,4 alkyl group substituted by one or more
hydroxy groups. Typically, it 1s substituted by one, two or three hydroxy groups. Preferably,
1t 1s substituted by a single hydroxy group.

As used herein, a C,4 acyl group 1s a group —C(=0)R, wherem R 1s a said C,_, alkyl group.

As used herein, a 5 to 7 membered heterocyclyl group includes heteroaryl groups, and 1n 1ts

non-aromatic meaning relates to a saturated or unsaturated non-aromatic moiety having 5, 6

or 7 ning atoms and containing one or more, for example 1 or 2, heteroatoms selected from S,
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N and O, preferably O. Illustrative of such moieties are tetrahydrofuranyl and

tetrahydropyranyl. For example, the heterocyclic ring may be a furanose or pyranose ring.

As used herein, a 5- to 7- membered carbon-nitrogen heteroaryl group 1s a

monocyclic 3- to 7- membered aromatic ring, such as a 3- or 6- membered ring, containing at
least one nitrogen atom, for example 1, 2, 3 or 4 nitrogen atoms. The 5- to 7- membered
carbon-nitrogen heteroaryl group may be fused to another 5- to 7- membered carbon-nitrogen

heteroaryl group.

As used herein, a 5 to 7 membered carbocyclyl group 1s a non-aromatic, saturated or
unsaturated hydrocarbon ring having from 5 to 7 carbon atoms. Preferably i1t 1s a saturated or
mono-unsaturated hydrocarbon ring (1.¢. a cycloalkyl moiety or a cycloalkenyl moiety)
having from 5 to 7 carbon atoms. Examples include cyclopentyl, cyclohexyl, cyclopentenyl

and cyclohexenyl.

As used herein, a 5 to 7 membered aryl group 1s a monocyclic, 5- to 7-membered aromatic

hydrocarbon ring having from 5 to 7 carbon atoms, for example phenyl.

In one aspect X and X' are independently —NH—
In one aspect X and X' are independently
O

—O0—P—0—

hal

In one aspect X and X' are independently
CR'R?
HerRiy

wherein at least one of R' and R* is H. CI., Bror F.

Preferably both R' and R” are H.
Preferablynis 1, 2 or 3, preferably 1 or 2.

Preferably at least one of X and X' 1s not —0O-, 1.¢. not all X and X' are —O-.
Preferably X and X' are independently selected from NH and

~cR'R?)-

wherein R and R are both Hand nis 1 or 2.

In one aspect at least one Y 1s =S.

In one aspect each Y group 1s =S.
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In one aspect at least one Y 1s =0.

Preferably each Y group 1s =0.

In one aspect at least one Z 18
CR'R?
HoR'R?)

In one aspect each Z 1s

—(CR1R2);

wherein at least one of R' and R*is H, CI, Bror F.
Preferably both R and R” are H. Thus, in one aspect Z is

—(CR1R2);

and R' and R” are both H.

Preferablynis 1, 2 or 3, preferably 1 or 2.
In one aspect at least one Z 1s -NH-.

In one aspect each Z 1s -NH-.

In one aspect at least one Z 1s -O-.

Preferably each Z 1s -O-.

B, and B, are preferably independently selected from purine and pyrnmidine nucleic acid
bases, preferably adenine, guanine, thymine, cytosine, uracil, hypoxanthine, xanthine, 1-
methyladenine, 7-methylguanine, 2-V, N-dimethylguanine, 5-methylcytosine or 5,6-
dihydrouracil. Uracil may be attached to S; or S; via N (7.e. unidine structure) or C (i.e.
pscudouridine structure).

Preferably, B, and B, are independently selected from adenine, guanine, and uracil.
Preferably at least one of B, and B 1s adenine.

Thus, for example, at least one of B, and B, may be adenine and the other of B, and B, may
be guanine, or at least one of B, and B, may be adenine and the other of B, and B, may be
uracil.

Preferably, B, and B, are both adenine, or one of B, and B, 1s adenine and the other 1s

guanine.

S; and S, are preterably independently selected from a bond, C, ¢ alkylene, C,¢ alkenylene,
(. alkynylene and a moiety of formula (11I) or (I1V):
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‘%4(CR1 Rz)pYQ7/(CR3R4)q7%
A B (11I)
wherein

R', R*, R’ and R* independently represent hydrogen, halogen, hydroxyl, cyano or
an unsubstituted group selected from C, 5 haloalkyl, C,_;alkyl, C,4 aminoalkyl
and C;_4 hydroxyalkyl;

p and q independently represent O or 1;

Q represents —0O-, -S-, -C=0-, -NH- or CH, ; and

A and B independently represent hydrogen, hydroxyl, halogen, or an
unsubstituted group selected from C,, alkoxy, C,4, aminoalkyl, C,4
hydroxyalkyl, C,,acyl and -NR’R® groups, wherein R’ and R® are the same or
different and represent hydrogen or unsubstituted C,., alkyl;

‘%4(CR1R2} s (CHR—a—{CHR)g (CR3R4)q_§_ (IV)

wheren
R', R*, R’ and R" independently represent hydrogen, halogen, cyano or an
unsubstituted group selected from C,; haloalkyl, C,; alkyl, Cy, aminoalkyl and
C,.4 hydroxyalkyl;
Q represents —0O-, -S-, -C=0-, -NH- or CH,; and
R’ and R® independently represent hydrogen, hydroxyl, halogen, cyano, -NR°R”
or an unsubstituted group selected from C,_4 alkyl, C,4 alkenyl, Cy4 alkoxy, C,.4
alkenyloxy, C,4 haloalkyl, C,., haloalkenyl, C,., aminoalkyl, C,4 hydroxyalkyl,
C,sacyl and C,.4 alkyl-NR’R® groups, wherein R’ and R® are the same or
different and represent hydrogen or unsubstituted C,_, alkyl; and

p. q. r and s independently represent O or 1.

S: and S; are preferably independently selected from a moiety of formula (I1I) or (IV) as set
out above, in which preferably:
R', R*, R’ and R* independently represent hydrogen, fluoro, chloro, or
unsubstituted C,; alkyl; more preferably hydrogen ;
Q represents —O- ;
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A and B independently represent hydrogen, hydroxyl, fluoro, chloro, methoxy,
formyl or NH,, more preferably hydrogen or hydroxyl; and

R’ and R® independently represent hydrogen, hydroxyl, fluoro, chloro, or an
unsubstituted group selected from C,4 alkyl, Cy4 haloalkyl, C,4 hydroxyalkyl
and C,_, alkyl-NH,, more preferably hydrogen, hydroxyl or unsubstituted methyl,
ethyl, -CH,OH or -CH,CH,OH.

S: and S, may preferably be independently selected from D-ribofuranose, 2 -deoxy-D-
ribofuranose, 3 '-deoxy-D-ribofuranose, L-arabinofuranose (corresponding to moieties of

formula (III)), and ring opened forms thercof (corresponding to moieties of formula (IV)).

In one preferred embodiment, at least one of S; and S, 1s D-rnibofuranose, i.e. a moicty of
formula (III') in which R' and R” are hydrogen, pis 1, q is 0, Q is —O- and A and B are
hydroxyl:

'%4(0R1 Rz)p (CR3R4)(T%'

A B (I11")

When S, and/or S, 1s a ring opened form, the ring opening is preferably between the 2" and 3°
positions of the D-nbofuranose, 2’-deoxy-D-nbofuranose, 3 -deoxy-D-nbofuranose or L-

arabinofuranose ring.

In one preferred embodiment, at least one of S; and S; 1s a ring opened form of D-

ribofuranose, for example a moiety of formula (IV) in which R' and R” are hydrogen, pis 1, g

is0,Qis -0-,ris 1, sis 1 and R" and R® are each -CH,0OH.

Preferably S, and S, are the same. Thus preferably, S, and S, are both D-ribofuranose or both

a ring opened form of D-nbofuranose as described above.

The sumof V., Uand Wmaybe 2,3,4.5, 6 or 7.
Preferably V plus U plus W is 4 or 3.

Preferably U1s 0, 1 or 2.

Preferably Vs 2.

Preferably W 1s 2.
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In a preferred embodiment, U 1s 0. Thus the dinucleoside polyphosphate for use in the

present invention 1s preferably a compound of formula (I'):

n H
B1—S14<Z—F|’%X‘€P—Z S,—B,
O \/ O W\ (It)

wherein all symbols are as defined above, X 1s not —O- and V plus W 1s a integer from 2 to 7.

Thus, the sum of V and W 1n formula (I') may be 2, 3, 4, 5, 6 or 7. Preferably V plus W 1s 4
or 5. Preferably V 1s 2 and/or W 1s 2.

In a preterred embodiment, each Y 1s =0 and each Z 1s -O-.

In a more preferred embodiment, each Y 1s =0 and each Z 1s —O-, and both S, and S, arc a
moicty of formula (III) or (IV) as set out above. Preterably, both S, and S, are the same and
arc both D-nbofuranose or both a ring opened form of D-ribofuranose. Thus the dinucleoside

polyphosphate analogue of the present invention 1s preferably a compound of formula (IA) or

(IB)

B, /ﬁ B,
AR

OH OH (IA)
\ i
G\ oh Ve AN Y

- OH OH

Preferably, the dinucleoside polyphosphate analogue of the present invention 1s a compound

O —'l‘? —0
O

(IB)

of formula (IA) or (IB) wherein V plus W 1s 4 or 5. More¢ preferably, the dinucleoside

polyphosphate analogue of the present invention 1s a compound of formula (IA) or
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(IB) wherein at least one of B, and B, 1s adenine, or one of B, and B is adenine and the other

1S guanine.

Thus, m a more preferred embodiment, each Y 1s =0 and each Z 1s —O-, both S; and S, are the
same and are both D-ribofuranose or both a ring opened form of D-nibofuranose, and B, and
B, are both adenine, or one of B, and B, 1s adenine and the other 1s guanine. Thus the

dinucleoside polyphosphate analogue of the present mnvention 1s preferably a dinucleoside

polyphosphate compound of formula (IC) to (IF):
NH2 NH>
)\ N\)\
K ~\ N NP

S
N

O—u=0
_
N
—U=0
__

<
>
/
O—T
O
ﬁ’l

TN

&P

-
—
//
2

Z

3
“
\/

OH OH (ID)
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LY \ A r
(ﬁ N

O_IT X P—O o
Wl T

(IF)

Preferably, the dinucleoside polyphosphate analogue 1s a compound of formula (IC) to
(IF) wherem V plus W 1s 4 or 5. Thus, 1 a preferred aspect of the invention, the dinucleoside
polyphosphate analogue 1s chosen among the group consisting of Ap,A analogues, ApsA

analogues, Ap,G analogues and ApsG analogues.

In a preferred embodiment, V and W are the same. Thus in the above compounds of formula
(I') and (IA) to (IF), V and W are preferably each 2. In a further preferred embodiment, the
dinucleoside polyphosphate analogue 1s symmetrical.

In a preferred aspect of the invention, the dinucleoside polyphosphate analogue 1s chosen
among the group consisting of AppCHyppA, AppNHppA., AgioippPCH2pPA diol,
AdiolPPNHppAdio, AppCHppG, AppNHppG, AdieppCH2ppGaior and AdgioppNHppQiior:
AppCH,ppA:

NH,
N)\/N\ </N\|)\N
K /|\N> N/\N/)
N

o]
|

AppNHppA.

_O_
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O—=n—0 0= h_rl O
3 O
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AppNHppG:
NH, O
Z NN N~ NH
LD AL
X S~ N~ NP
\ N ® ® e i N NH2
| I H
O—P—O0—P—N—P—O0—P—0
)r \ ] \ 0
@ HO o} O o} ®
®
OH  OH

AdiolppCH2ppGior:

NH. )C"\
//l\ NH

N I/’\§ </N\| )\
KN/\N 0 0 0 0 NN N,
—O—ILI"—O—II:“’—CHz—Il%——O—I‘—‘I"—O 5
O OH OH

AdiolppNHpPpGior:

N~
K o~ N~ N F
N N ﬁ ﬁ N NH,
NH—IT—O—IT—O o
O OH OH

As demonstrated in the Examples of the present application, such dinucleoside polyphosphate

NH-

O—1u=—0
O—u—0

analogues potently mhibit or down-regulate P2X3 receptors via enhancement of
desensitization and exert potent antinociceptive activities on an i vivo animal model of

inflammatory pain.

Dinucleoside polyphosphates of general formula (1) and their preparation are disclosed in WO

2006/082397.
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However, WO 2006/082397 does not disclose the binding properties of dinucleoside
polyphosphate analogues on P2X3 receptors, and 1n particular the inhibitor and partial (or
super-) agonist properties of dinucleoside polyphosphate analogues on P2X3 receptors. WO
2006/082397 does not disclose their specific action on chronic hyperalgesia when compared
to acute hyperalgesia. Also, although WO 2006/082397 discloses an effect of AppCH;ppA on
the central nervous system, via a hippocampal preparation, it does not disclose a specific

effect of dinucleoside polyphosphate analogues on the pernipheral nervous system.

Mechanism

The compound of the mmvention can act (¢.g. solely) on the P2X3 receptor, and appears to be
selective for that (P2X3) receptor (only). In other words, the compound may to act only on,
or be selective for only, the P2X3 receptor (when considering the P2X receptor tamily).
Suitably the compound does not bind to, 1s not selective for, and/or does not act on either the
P2X4 and/or the P2X7 receptors. Indeed, the compound similarly appears not to act on, or
bind, the P2X2 receptor cither.

The compound may not act as an antagonist. Instead, 1t can act as an agonist, or super-
agonist. It 1s behieved that the compound acts on the relevant receptor(s) via or using a high
affinity desensitisation (HAD) method. The compound 1s thought to bind to the receptor, but
do not detach or fall away from the receptor particularly quickly. It 1s thought that the
mechanism of action thus means that the receptor fires once, and may then be blocked, such
as for a significant period of time. This 1s therefore different from the prior art findings, and

prior art (pain inhibiting) compounds, which exhibit a typical receptor antagonism inhibition.

The compound thus appears to act via a high affinity desensitisation (HAD) inhibition
mechanism. This appears to be a new mechanism, in particular for those compounds that
may be able to inhibit (and therefore be used in the treatment of) pain. Therefore, the
invention additionally relates to a compound that can act via the HAD mechanism, or involve
the HAD mechanism (at one or more receptors). The pain inhibitory compounds therefore
used 1n the invention are thought to be the first in their class, and act via an entirely new
mechanism, which allows them to be distinguished over prior art pain mhibitory methods.

Note that the HAD mechanism 1s detailed in Example 2.

The compound of the invention are thought to have a migh degree of affinity for P2X3,

perhaps more so than other similar compounds 1n the pnior art. Since they appear not to act
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on ¢ither the P2X4 and/or P2X7 receptors, or even the P2X2 receptor either, this makes the
compounds of the mnvention particularly suitable for treating pain. Note that the compounds

and the treatment 1s not CNS related, and can be used 1n local treatment.

The inventors have now shown that different dinucleoside polyphosphate analogues are able
to potently inhibit P2X3 receptors in viiro. They have also shown that different dinucleoside
polyphosphate analogues are able to exert antinociceptive activities on moderate to chronic
pain and to act on the penpheral nervous system, based on different iz vivo animal models of
inflammatory pain. These data are described 1n greater detail in the “Examples™ section of the

present application, 1n particular Example 2 which details the HAD mechanism

The group of receptors containing P2X3 subunits comprise homomeric P2X3 receptors and
heteromeric P2X2/3 receptors, and are designated as “P2X3 receptors™ 1n the present
application. Preferably, the dinucleoside polyphosphate analogues of the present invention
target P2X3 receptors, and show little or no activity 1n relation to other P2X receptors, such as

homomeric P2X2 receptors, and/or P2X4 or P2X7 receptors.

As demonstrated i the Examples of the present application, stable dinucleoside
polyphosphate analogues imnhibited pain transducing ATP-gated P2X3 receptors when
administered at concentrations below the threshold needed to elicit macroscopic receptor-
mediated currents that induce pain sensations. Without wishing to be bound by theory, these
results suggest that these analogues mediate ettects by inducing stabilization of the
desensitized receptor state, and act via the HAD inhibition mechanism. Results of in vitro
tests correlated with the ability of these two stable dinucleoside polyphosphate analogues to

reduce inflammatory pain in behavioural tests.

In a preferred aspect, the dinucleoside polyphosphate analogue for use as described herein 1s a
partial or super-agonist of a P2X3 receptor. The partial agonist activity exhibited by the
analogue may be, for example, a lower activity than a known full P2X3 agonist such as o,3-

methylene-ATP (e.g. less than 50% activity of the activity of the know full P2X3 agonist).

In particular, the dinucleoside polyphosphate analogue of the present invention may show
partial (or super-)agonist activity of a P2X3 receptor at higher concentrations and antagonistic
(or inhibitory) activity at lower concentrations. Thus for example the analogue may show
partial agonist activity at concentrations up to saturating concentration. On the other hand,
the analogue may show inhibitory activity of a P2X3 receptor at lower concentrations, €.g.

when administered at concentrations below the threshold needed to elicit macroscopic
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receptor-mediated currents that induce pain sensations (for example when administered 1n the

amounts as described herein).

Wildman et al (1999) and McDonald et al (2002) teach that diadenosine polyphosphate might
be full agonists of P2X3 receptors. These documents do not disclose the partial agonist

properties of Np,N analogues on P2X3 receptors, as shown in the present invention.

The main requirements of potential analgesics operating via promotion of desensitization are
to reduce agonist activity and induce stable effects. The present inventors prepared several
stable Np,N analogues and demonstrated that they are only partial agonists of native and
recombiant P2X3 receptors. By contrast, as noted above, they efficiently inhibited P2X3
receptors when administered at concentrations below the threshold needed to elicit
macroscopic receptor-mediated currents that induce pain sensations. This inhibitory action
was almost absent 1n nodose ganglia neurons, where ATP or o,p-meATP agonists are able to
generate mainly slow type currents mediated by homomeric P2X2 or heteromeric P2X2/P2X3
receptors. In contrast, inhibition was strong 1n trigemmal ganglia neurons that preferentially
express the homomeric P2X3 receptors subtype. Hence 1n this expennment the NpyN
analogues appeared to mediate selective inhibitory eftects on homomeric P2X3 subunit

containing receptors.

In view of the effects described above, the dinucleoside polyphosphate analogues of the
present mnvention are preferably for use 1n the treatment of pain. For example, the
dinucleoside polyphosphate analogue may be administered 1n association with a

pharmaceutically acceptable vehicle i order to treat pain in the human or animal body.

In particular, the dinucleoside polyphosphate analogues of the present invention may be for
use 1n the 1nhibition of a homomeric P2X3 receptor. Thus, the analogues of the present

invention may be for use in the treatment of pain by inhibition of a homomeric P2X3 receptor.

The present invention also relates to a method of inhibition (including prevention and/or
reduction) of pain, suitably via a transducing ATP-gated P2X3 receptor (preferably a
homomeric P2X3 receptor) comprising administering an effective amount of a dinucleoside
polyphosphate analogue (as described herein) or a pharmaceutically acceptable salt thereof,
and to use of a dinucleoside polyphosphate analogue (as described herein) or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for mnhibition of
a pain transducing ATP-gated P2X3 receptor (preferably a homomeric P2X3 receptor). The

invention also relates to a method of treating pain, comprising administering an effective
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amount of a dinucleoside polyphosphate analogue (as described herein) or a pharmaceutically
acceptable salt thereof, and to use of a dinucleoside polyphosphate analogue (as described
herem) or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for

the treatment of pain.

Pain types and therapies

Pain may be classified into different types. Nociceptive pain 1s mediated by pain receptors in
response to mjury, disease or inflammation. Neuropathic pain 1s a neurological disorder
caused by damage to the pain transmission system from periphery to brain. Psychogenic pain

1s pain associated with actual mental disorder.

Pain may be chronic or acute, depending on 1ts duration. Chronic pain can generally be
described as pain that has lasted for a long time, for example beyond the expected period of
healing. Typically, chronic pain 1s pain which lasts for 3 months or more. Pain which lasts
for less than 30 days can be classed as acute pain, and pain of intermediate duration can be

described as moderate or subacute pain.

The pain treated by the present invention may be associated with, for example, symptoms
associated with one or more of mflammation (for example from cancer, arthritis or trauma),
back pain (including sciatic back pain), trapped nerve, arthritic pain, cancer-related pain,
dental pain, endometriosis, birthing-related pain (¢.g. pre- and/or post-partum), post-surgical

pain or trauma.

As described above, the dinucleoside polyphosphate analogues as described herein are
particularly active against P2X3 receptors (especially homomeric P2X3 receptors). They can
therefore be administered in low amounts compared with known agents for the treatment of

pain.

Thus for the treatment (including prevention and/or reduction) of pain, the dinucleoside
polyphosphate analogue 1s preferably administered in an amount of about 0.01 to 1000
nmol/kg, preferably from 0.1 to 500 nmol/kg, for example from 0.01 to 500 ng/kg, preferably
from 0.1 to 250 ng/kg. In one embodiment, the dinucleoside polyphosphate analogue 1s
preferably administered 1n an amount of from 0.01 to 10 pg/kg, prefterably 0.05 to 5 ng/kg,
more preferably from 0.1 to 2 ug/kg.
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In one preferred embodiment of the present invention, the dinucleoside polyphosphate
analogues are for use n treatment of moderate to chronic pain. The moderate to chronic pain
may be mediated by nociceptive and/or neuropathic mechanisms. Preferably, the moderate to
chronic pain may be nociceptive, for example, associated with at least one of the symptoms
chosen among the group consisting of: inflammation (for example from cancer or arthritis),
back pain, arthntic pain, cancer-related pain, dental pain, endometriosis and post-surgical pain.
In particular, the moderate to chronic pain may be associated with mmflammation, back pain,

arthritis or cancer-related pain, particularly inflammation or cancer-related pain.

Thus, the present mvention also relates to a dinucleoside polyphosphate analogue (as
described herein) or a pharmaceutically acceptable salt thercof, for use 1n the treatment of
moderate to chronic pain, 1n particular moderate to chronic neuropathic or moderate to chronic
nociceptive pain, for example moderate to chronic nociceptive pain associated with at least
on¢ of the symptoms chosen among the group consisting of: inflammation (for example from
cancer or arthritis), back pain, arthritic pain, cancer-related pain, dental pain, endometriosis
and post-surgical pain. In particular, the moderate to chronic pain may be associated with
inflammation, back pain, arthritis or cancer-related pain, particularly inflammation or cancer-

related pain.

The present invention also relates to a method of treating moderate to chronic pain, comprising
administering an effective amount of a dinucleoside polyphosphate analogue (as described
hereim) or a pharmaceutically acceptable salt thereot, and to use of a dinucleoside
polyphosphate analogue (as described herein) or a pharmaceutically acceptable salt thercof, in
the manufacture of a medicament for the treatment of moderate to chronic pain. In particular,
the moderate to chronic pain 1s moderate to chronic neuropathic or moderate to chronic
nociceptive pain, for example moderate to chronic nociceptive pain associated with at least
one of the symptoms chosen among the group consisting of: inflammation (for example from
cancer or arthritis), back pain, arthritic pain, cancer-related pain, dental pain, endometriosis
and post-surgical pain. In particular, the moderate to chronic pain may be associated with
inflammation, back pain, arthritis or cancer-related pain, particularly inflammation or cancer-

related pain.

Dosages

For the treatment of moderate to chronic pain, the dinucleoside polyphosphate analogue of the

present invention 1s preferably administered in an amount of about 0.01 to 100 nmol/kg,
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preferably from 0.1 to 10 nmol/kg. Thus the compound may be administered in an amount of

from 0.01 to 10 pg/kg, preferably 0.05 to 5 ug/kg, more preferably from 0.1 to 2 pg/kg.

Preferably, the dinucleoside polyphosphate analogue 1s one of the preferred analogues
described above. In particular, the present invention relates to a dinucleoside polyphosphate
analogue for use mn the treatment of moderate to chronic pain, preferably wherein the
dinucleoside polyphosphate analogue 1s chosen among the group consisting of: AppCH,ppA,
AppNHppA, AgioippCH2ppAdiol, AdicPPNHPpAdio, AppCH2ppG, AppNHppG,
AdiolppCH2ppGaior and AgisippNHppGion.

When used for the treatment of moderate to chronic pain, the compound chosen among the
group consisting of: AppCHuppA, AppNHppA, Asisipp CHappAdio, AdiclPPNHPP A diol,
AppCHyppG, AppNHppG, AgioippCHppGuaio and A4ioppNHppGuaia 15 preterably administered
1n association with a pharmaceutically acceptable vehicle, wherein the dose of compound
administered to a subject 1n need of treatment 1s from about 0.01 to 100 nmol/kg, preferably
from 0.1 to 10 nmol/kg. Thus the compound may be administered 1n an amount of from 0.01

to 10 ng/kg, preferably 0.05 to 5 ng/kg, more preferably from 0.1 to 2 ng/kg.

For example, for a typical human of about 70 kg, the amount of the compound administered
may be between about 1 and about 100 nmol, more preferably between about 10 and about

100 nmol, and even more preterably between about 10 and about 50 nmol.

In another embodiment, the dinucleoside polyphosphate analogues of the present invention are
for use 1n the treatment of acute pain or subacute pain. Thus the present invention also relates
to a method of treating acute pain or subacute pain, comprising administering an effective
amount of a dinucleoside polyphosphate analogue (as described herein) or a pharmaceutically
acceptable salt thereof, and to use of a dinucleoside polyphosphate analogue (as described
herem) or a pharmaceutically acceptable salt thereof, in the manufacture of a medicament for

the treatment of acute pain or subacute pain.

The present invention also relates to a dinucleoside polyphosphate analogue (as described
herein) or a pharmaceutically acceptable salt thereof, for use in the treatment of acute pain or

subacute pain.

The acute pain or subacute pain may preferably be associated with post-surgical pain, dental

pain, birthing-related pain, trauma or inflammation (for example resulting from trauma).
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For the treatment of acute pain or subacute pain, the dinucleoside polyphosphate analogue of
the present invention 1s preferably administered in an amount of about 50 to 1000 nmol/kg,
preferably from 50 to 500 nmol/kg, more preferably from 75 to 300 nmol/kg. Thus the
compound may be administered in an amount of from about 10 to 500 pg/kg, preferably from

50 to 250 pg/ke.

Preferably, the dinucleoside polyphosphate analogue 1s one of the preferred analogues
described above. In particular, the present invention relates to a dinucleoside polyphosphate
analogue for use 1 the treatment of acute pain or subacute pain, preferably wherein the
dinucleoside polyphosphate analogue 1s chosen among the group consisting of: AppCHyppA,
AppNHppA, AgioippCHappAdiot, AgiolPPNHppAdio, AppCH:ppG, AppNHppG,
AGiospPCH2ppGuior and AgioppNHppGuaiol, preferably administered 1in the amounts described

above.

The dinucleoside polyphosphate analogues of the present invention may be administered 1 a
variety of dosage forms. Thus, the dinucleoside polyphosphate analogues may be
administered orally, for example as tablets, troches, lozenges, aqueous or o1ly suspensions,
dispersible powders or granules. The dinucleoside polyphosphate analogues may also be
administered parenterally, either subcutaneously, transdermally (by 1njection), intravenously,
intramuscularly, intrasternally or by infusion techniques. The dinucleoside polyphosphate
analogues may also be administered rectally, for example 1n the form of a suppository. A
physician will be able to determine the required route of administration for each particular
patient. Preferably, the dinucleoside polyphosphate analogues are administered by

subcutaneous 1njection.

In another embodiment, the present immvention relates to a composition comprising a
dinucleoside polyphosphate analogue (as described herein) or a pharmaceutically acceptable
salt thereof 1n an amount of from 0.01 to 3500 ug and a pharmaceutically acceptable
excipient. The maximum amount of the dinucleoside polyphosphate analogue 1n the
composition is preferably 1500 ug, preferably 1000 pg, more preferably 500 pg, particularly
preferably 250 ug or 150 ug.

For administration to a human, based on a weight of 70 kg, the composition preferably
comprises the dinucleoside polyphosphate analogue or a pharmaceutically acceptable salt
thereof in an amount of from 0.5 to 3500 pg. Preferred maximum amounts are those

described above. Expressed in nmol, the amount of the dinucleoside polyphosphate analogue
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in the composition may be from 0.5 to 5000 nmol, preferably from 1 to 2500 nmol, preferably
5 to 1000 nmol, more preferably 5 to 500 nmol, particularly preferably 10 to 100 nmol.

It would of course be necessary to recalibrate the above amounts for veterinary use,
depending on animal body weight. For example, a typical composition for vetermary use
may comprise the dinucleoside polyphosphate analogue or a pharmaceutically acceptable salt

thereof in an amount of from 0.01 to 200 ug, preferably from 0.05 to 100 pg

Preferably, the dinucleoside polyphosphate analogue 1n the composition 1s one of the
preferred analogues described above, m particular AppCHoppA, AppNHppA,
AgiolpPCHoppAdiol, AdioPPNHPPAgio, AppCHoppG, AppNHppG, AdioppCHppGior OF
AdgiolppNHppGgior.

Compositions

Preferably, the composition 1s formulated for subcutancous 1njection.

The formulation of the dinucleoside polyphosphate analogues will depend upon factors such
as the nature of the exact agent, whether a pharmaceutical or veterinary use 1s intended, etc.
An agent for use 1n the present invention may be formulated tor ssmultaneous, separate or

sequential use.

The dinucleoside polyphosphate analogues are typically formulated for administration in the
present invention with a pharmaceutically acceptable excipient (such as a carrier or diluents).
The pharmaceutical carner or diluent may be, for example, an 1sotonic solution. For example,
solid oral forms may contain, together with the active compound, diluents, ¢.g. lactose,
dextrose, saccharose, cellulose, com or potato starch; lubricants, ¢.g. silica, talc, stearic acid,
magnesium or calcium stearate, and/or polyethylene glycols; binding agents; ¢.g. starches,
gum arabic, gelatin, methylcellulose, carboxymethylcellulose or polyvinyl pyrrolidone;
disaggregating agents, ¢.g. starch, alginic acid, alginates or sodium starch glycolate;
effervescing mixtures; dyestuffs; sweeteners; wetting agents, such as lecithin, polysorbates,
laurylsulphates; and, in general, non-toxic and pharmacologically inactive substances used 1n
pharmaceutical formulations. Such pharmaceutical preparations may be manufactured in
known manner, for example, by means of mixing, granulating, tableting, sugar-coating, or

film-coating processes.
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Liquid dispersions for oral administration may be syrups, emulsions or suspensions. The
Syrups may contain as carriers, for example, saccharose or saccharose with glycerine and/or

mannitol and/or sorbitol.

Suspensions and emulsions may contain as carrier, for example a natural gum, agar, sodium
alginate, pectin, methylcellulose, carboxymethylcellulose, or polyvinyl alcohol. The
suspensions or solutions for intramuscular injections may contain, together with the active
compound, a pharmaceutically acceptable carrier, e.g. sterile water, olive oi1l, ethyl oleate,

glycols, €.g. propylene glycol, and 1f desired, a suitable amount of lidocaine hydrochloride.

Formulations for oral administration may be formulated as controlled release formulations,

for example they may be formulated for controlled release 1n the large bowel.

Solutions for intravenous administration or infusion may contain as carrier, for example,
sterile water or preferably they may be 1n the form of sterile, aqueous, 1sotonic saline

solutions.

The dose of the dinucleoside polyphosphate analogues may be determined according to
various parameters, especially according to the substance used; the age, weight and condition

of the patient to be treated; the route of administration; and the required regimen.

Again, a physician will be 