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ABSTRACT 

The present invention provides pharmaceutical composi 
tions useful in a method for treating neuropathic pain, said 
method comprising administration of a pain-ameliorating 
e?‘ective amount of the compound according to formula I 

OH 

Wherein R is an alk(en)yl group, R1 is an alkylen(yl) group, 
n is 0 or 1 and Ar is a carbocyclic aryl group. 
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METHOD FOR TREATING PAIN 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of Ser. No. 
11/549,262 ?led Oct. 13, 2006 Which is based on, and claims 
the bene?t of, US. Provisional Application No. 60/728,940, 
?led Oct. 19, 2005, and Which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to the treatment or 
prevention of pain or nociception. 

[0004] 2. RelatedArt 

[0005] Pain is a sensory experience distinct from sensa 
tions of touch, pressure, heat and cold. It is often described 
by su?ferers by such terms as bright, dull, aching, pricking, 
cutting or burning and is generally considered to include 
both the original sensation and the reaction to that sensation. 
This range of sensations, as Well as the variation in percep 
tion of pain by different individuals, renders a precise 
de?nition of pain dif?cult, hoWever, many individuals sulfer 
With severe and continuous pain. 

[0006] Pain that is caused by damage to neural structures 
is often manifest as a neural supersensitivity or hyperalgesia 
and is termed “neuropathic” pain. Pain can also be “caused” 
by the stimulation of nociceptive receptors and transmitted 
over intact neural pathWays, such pain is termed “nocicep 
tive” pain. 

[0007] The level of stimulation at Which pain becomes 
noted is referred to as the “pain threshold.” Analgesics are 
pharmaceutical agents Which relieve pain by raising the pain 
threshold Without a loss of consciousness. After administra 
tion of an analgesic drug a stimulus of greater intensity or 
longer duration is required before pain is experienced. In an 
individual suffering from hyperalgesia an analgesic drug 
may have an anti-hyperalgesic effect. In contrast to analge 
sics, agents such as local anaesthetics block transmission in 
peripheral nerve ?bers thereby blocking aWareness of pain. 
General anaesthetics, on the other hand, reduce the aWare 
ness of pain by producing a loss of consciousness. 

BRIEF SUMMARY OF THE INVENTION 

[0008] It has noW been discovered that certain compounds 
Which exhibit the properties of blocking transient receptor 

O 

2m 

0 

2m m2 

Jun. 7, 2007 

potential vanilloid type 1 (TRPVl) channels and activating 
cannabinoid CB 1 receptors have a utility for the amelioration 
of pain and particularly for the amelioration of neuropathic 
pain. The compounds of this invention are analogues and/or 
homologues of the compound N-arachidonyl serotonin (AA 
5-HT). 
[0009] Therefore, in one aspect, the method of the present 
invention utiliZes a N-alk(en)yl carbocyclic aryl alk(yl)enyl 
carbo-serotonin adduct to treat pain. The compounds uti 
liZed in the method of the present invention are amides of 
hydrocarbyl acids and serotonin Wherein said hydrocarbyl 
moiety includes enchained aryl radicals. That is, the com 
pounds are N-(alkyl)n carbocyclic aryl alkanoyl-serotonin 
compounds Wherein n is 0 or 1 and said (alkyl)n carbocyclic 
aryl alkanoyl radical includes from 7 to 30 carbon atoms, 
eg from 8 to 22 carbon atoms. Said alkyl group and said 
alkanoyl group may include 1 or more, eg 1-3 unsaturated 
bonds. That is, said alkyl group may be an alkenyl group, 
including a conjugated alkenyl group. Thus, the designation 
as alk(en)yl is utiliZed. Said alkanoyl group may be an 
alkenoyl group. Thus, the designation alk(yl)enyl carbo is 
utiliZed. Said compound may be represented by the formula 
I 

OH 

Wherein R is an alk(en)yl group, R1 is an alkylen(yl) group, 
n is 0 or 1 and Ar is a carbocyclic aryl group. 

[0010] Preferably R is an alkyl or alkenyl group compris 
ing from 1 to 7 carbon atoms and more preferably R is an 
methyl alkylene or methyl alkenyl group such as CH3CH2, 
CH3CH2CH2, CH3CH2CH2CH2, CH3CHCH, or 
CH3CHCHCH2CHCHCH2. 
[0011] Preferably R1 is an alkylene group consisting from 
3 to 6 carbon atoms, such as CH2CH2CH2, 
CH2CH2CH2CH2, CH2CH2CH2CH2CH2CH2, etc. 
[0012] Preferably Ar is selected from the group consisting 
of phenyl, naphthyl and biphenyl and loWer alkyl substituted 
derivatives thereof, i.e. C l to C4 alkyl substituted derivatives 
thereof. 

[0013] For example, the compounds of formula I may be 
selected from the group consisting of 

on, 

and 

OH 
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-continued 

[0014] The compounds of this invention may be prepared 
by reacting serotonin or an analogue or homologue thereof 
With a carboxylic acid to form the corresponding amide of 
said carboxylic acid and serotonin (or analogue or homo 
logue thereof). This reaction may be carried out at condi 
tions knoWn in the art for preparing amides of fatty acids 
e.g., Which fatty acids have similar reaction properties as the 
above carboxylic acids. 

[0015] In another aspect, the invention provides a method 
for the treatment of pain using a compound in accord With 
formula I, the method comprising administering a pain 
ameliorating effective amount of the compound. 

[0016] In another embodiment, the method comprises 
administration of a pain-ameliorating effective amount of a 
compound according to formula I in the form of a pharma 
ceutical composition comprising a compound according to 
formula I as an active ingredient together With one or more 
pharmaceutically-acceptable additives. 

[0017] In a further embodiment, the method comprises 
binding a compound according to formula I to the fatty 
amide hydrolase of a Warm-blooded animal, such as a 
human being, so as to bene?cially enhance endocannabinoid 
levels and increase the activity of CB1 receptors. 

[0018] In a further embodiment, the method comprises 
binding a compound according to formula I to the fatty acid 
amide hydrolase of a Warm-blooded animal, such as a 
human being, so as to enhance endocannabinoid levels and 
activate cannabinoid receptors in said animals to thereby 
ameliorate pain. 

[0019] Yet other aspects of the invention are pharmaceu 
tical compositions Which contain the compound in accord 
With formula I and the use of the compound in accord With 
formula I for the preparation of medicaments and pharma 
ceutical compositions. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] Genetic or pharmacological targeting of fatty acid 
amide hydrolase (FAAH), one of the enZymes catalysing 
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OH. 

endocannabinoid degradation, Was shoWn to result in anal 
gesic and anti-hyperalgesic actions that are due to the 
“indirect” activation (via enhancement of endocannabinoid 
levels) of cannabinoid CB 1 receptors. Additionally, genetic 
or pharmacological targeting of transient receptor potential 
vanilloid type 1 (TRPVl) channels Was found to abolish 
thermal and in?ammatory analgesia. We describe a class of 
“hybrid” FAAH inhibitors/TRPVl antagonists With high 
ef?cacy against in?ammatory hyperalgesia. These “hybrid” 
FAAH inhibitors are homologues and/ or analogues of AA-S 
HT and have the general formula I: 

OH 

Wherein R is an alk(en)yl group, R1 is an alkylen(yl) group, 
n is 0 or 1 and Ar is a carbocyclic aryl group. 

[0021] Preferably R is an alkyl or alkenyl group compris 
ing from 1 to 7 carbon atoms and more preferably R is an 

methyl alkylene or methyl alkenyl group such as CH3CH2, 
CH3CH2CH2, CH3CH2CH2CH2, CH3CHCH, or 
CH3CHCHCH2CHCHCH2 . 

[0022] Preferably R1 is an alkylene group consisting from 
3 to 6 carbon atoms, such as CH2CH2CH2, 

CH2CH2CH2CH2, CH2CH2CH2CH2CH2CH2, etc. 

[0023] Preferably Ar is selected from the group consisting 
of phenyl, naphthyl and biphenyl and loWer alkyl substituted 
derivatives thereof, i.e. C l to C4 alkyl substituted derivatives 
thereof. 

[0024] For example, the compounds of formula I may be 
selected from the group consisting of 

on, 
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-continued 
H 
N 

These compounds inhibit FAAH and, also interact, by 
blocking their activation by capsaicin, With TRPVl chan 
nels, Whose gating plays a permissive role in the develop 
ment of hyperlagesia. 

[0025] When injected directly into the periaqueductal grey 
(PAG) of rats, the compounds of this invention potently 
inhibit both phases of the nociceptive response to formalin 
injected into the rat paW and concomitantly elevate anan 
damide levels in this area of the brainstem. The effect is 

counteracted by the CBI receptor antagonist, AM251 (nmol/ 
rat) and is occluded by the TRPVl antagonist, capsaZepine 
(6 nmol/rat). Thus, While not Wishing to be bound by theory, 
it is believed that the compounds of formula I ameliorate 
pain by the dual mechanism of action of both “indirect” 
activation of CB 1 and antagonism of TRPVl . The compound 

acts at the supraspinal level by blocking the inhibitory effect 
of formalin on the OFF cells of the rostral ventromedial 

medulla, Which receive synapses With cells from the PAG. 
Also this effect is reversed by AM251 and occluded by 
capsaZepine. When injected into the paW, these compounds, 
selectively block the 2nd, in?ammatory phase of the nocif 
ensive response to formalin, again in a Way counteracted by 
AM251 and occluded by capsaZepine, thus suggesting also 
a peripheral mode of action. 

[0026] The compounds are novel agents against anti 
in?ammatory pain, acting by enhancing endocannabinoid 
levels (via FAAH inhibition) and at the same time by 
antagoniZing TRPVl. 

[0027] The advantage of having in one molecule a FAAH 
inhibitor and a TRPVl antagonist comes from the several 
experimental observations suggesting that FAAH inhibitors 
(i.e. “indirect” agonists of cannabinoid and fatty acid amide 
receptors) as Well as direct cannabinoid receptor agonists 
(both CBl and CB2) are very promising against in?amma 
tory and neuropathic pain, and so are compounds that block 
TRPVl receptors. HoWever, different populations of neu 
rons/cells and different mechanisms are involved in CBl/ 
CB2- and TRPVl-mediated anti-in?ammatory and anti 
hyperalgesic/anti-allodynic effects. Therefore, if for 
example folloWing nerve injury, only one of these different 
populations is destroyed, a compound only acting on that 
population Will be ineffective, Whereas a compound With 
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and 

OH 

OH. 

“hybrid” activity Will alWays be more effective. On the other 
hand if different nociceptive mechanisms cause pain, a drug 
targeting more of these mechanisms Will be more e?icacious 
than a drug speci?c for only one of them. 

[0028] To use the compound of the invention or a phar 
maceutically-acceptable salt thereof for the therapeutic 
treatment, Which may include prophylactic treatment, of 
pain in mammals, Which may be humans, the compound can 
be formulated in accordance With standard pharmaceutical 
practice as a pharmaceutical composition. 

[0029] Suitable pharmaceutical compositions that contain 
the compounds of the invention may be administered in 
conventional Ways, for example by oral, topical, parenteral, 
buccal, nasal, vaginal or rectal administration or by inhala 
tion. For these purposes a compound of the invention may 
be formulated by means knoWn in the art into the form of, 
for example, tablets, capsules, aqueous or oily solutions, 
suspensions, emulsions, creams, ointments, gels, nasal 
sprays, suppositories, ?nely divided poWders or aerosols for 
inhalation, and for parenteral use (including intravenous, 
intramuscular or infusion) sterile aqueous or oily solutions 
or suspensions or sterile emulsions. A preferred route of 
administration is orally by tablet or capsule. 

[0030] In addition to a compound of the present invention 
a pharmaceutical composition of this invention may also 
contain one or more other pharmacologically-active agents, 

or such pharmaceutical composition may be simultaneously 
or sequentially co-administered With one or more other 

phar'macologically-active agents. 

[0031] Pharmaceutical compositions of this invention Will 
normally be administered so that a pain-ameliorating effec 
tive daily dose is received by the subject. The daily dose may 
be given in divided doses as necessary, the precise amount 
of the compound received and the route of administration 
depending on the Weight, age and sex of the patient being 
treated and on the particular disease condition being treated 
according to principles knoWn in the art. A preferred dosage 
regime is once daily. 

[0032] A further embodiment of the invention provides a 
pharmaceutical composition Which contains a compound of 
the invention as de?ned herein or a pharmaceutically-ac 
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ceptable salt thereof, in association With a pharmaceutically 
acceptable additive such as an excipient or carrier. 

[0033] A yet further embodiment of the invention provide 
the use of the compound of the invention, or a pharmaceu 
tically-acceptable salt thereof, in the manufacture of a medi 
cament useful for indirectly blocking the TRPVl channel in 
a Warm-blooded animal such as a human being. 

[0034] Still another embodiment of the invention provides 
a method of binding the compound of the invention to the 
FAAH channel of a Warm-blooded animal, such as a human 

being, in need of treatment for pain, Which method com 
prises administering to said animal an effective amount of a 
compound of formula I or a pharmaceutically-acceptable 
salt thereof. 

[0035] A yet further embodiment of the invention com 
prises the use of the compound of the invention, or a 
pharmaceutically-acceptable salt thereof, in the manufacture 
of a medicament useful for activating the cannabinoid CB 1 
receptor in a Warm-blooded animal such as a human being. 

[0036] Still another embodiment of the invention provides 
a method of binding the compound of the invention to the 
fatty acid amide hydrolase of a Warm-blooded animal, such 
as a human being, in need of treatment for pain, Which 
method comprises administering to said animal an effective 
amount of a compound of formula I or a pharmaceutically 
acceptable salt thereof. 

[0037] The foregoing description details speci?c methods 
and compositions that can be employed to practice the 
present invention, and represents the best mode contem 
plated. Thus, hoWever detailed the foregoing may appear in 
text, it should not be construed as limiting the overall scope 
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hereof, rather, the ambit of the present invention is to be 
governed only by the laWful construction of the appended 
claims. 

What is claimed is: 
1. Apharmaceutical composition comprising, as the active 

compound, a pain-ameliorating effective amount of a N-alk 
(en)yl carbocyclic aryl alk(yl)enyl-carbo-serotonin adduct. 

2. The composition of claim 1 Wherein said compound is 
represented by formula I 

OH 

Wherein R is an alk(en)yl group, R1 is an alkylen(yl) group, 
n is 0 or 1 and Ar is a carbocyclic aryl group. 

3. The composition of claim 2 Wherein R is an alkyl or 
alkenyl group comprising from 1 to 7 carbon atoms and R1 
is an alkylene comprising from 3 to 6 carbon atoms and Ar 
is selected from the group consisting of phenyl, naphthyl and 
biphenyl and loWer alkyl substituted derivatives thereof. 

4. The composition of claim 3 Wherein R is selected from 

the group consisting of CH3CH2, CH3CH2CH2, 
CH3CH2CH2CH2, CH3CHCH and 
CHsCHCHCHzCHCHCH2 and R1 is selected from the group 
consisting of CH2CH2CH2, CHZCHZCHZCH2 and 
CH2CH2CH2CH2CH2CH2. 

5. The composition of claim 3 Wherein the compound of 
formula I is selected from the group consisting of 

H 

@WVWN_ /\ : ,OH, 
O 

N 
H 

OH and 

OH 
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6. A method for treating neuropathic pain, said method 
comprising administration of a pain-ameliorating effective 
amount of N-alk(en)yl carbocyclic aryl alk(yl)enyl-carbo 
serotonin adduct. 

7. The method of claim 6 Wherein said compound is 
represented by formula I 

O 

OH 

Wherein R is an alk(en)yl group, R1 is an alkylen(yl) group, 
n is 0 or 1 and Ar is a carbocyclic aryl group. 

8. The method of claim 7 Wherein R is an alkyl or alkenyl 
group comprising from 1 to 7 carbon atoms and R1 is an 
alkylene comprising from 3 to 6 carbon atoms and Ar is 
selected from the group consisting of phenyl, naphthyl and 
biphenyl and loWer alkyl substituted derivatives thereof. 

9. The method of claim 7 Wherein R is selected from the 

group consisting of CH3CH2, CH3CH2CH2, 
CH3CH2CH2CH2, CH3CHCH and 
CHBCHCHCHZCHCHCH2 and R1 is selected from the group 
consisting of CH2CH2CH2, CH2CH2CH2CH2 and 
CH2CH2CH2CH2CH2CH2. 

10. The method of claim 7 Wherein the compound of 
formula I may be selected from the group consisting of 
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11. A method comprising binding a N-alk(en)yl carbocy 
clic aryl alk(yl)enyl-carbo-serotonin adduct to the TRPV1 
channel of a Warm-blooded animal, such as a human being, 
so as to bene?cially inhibit the activity of said channel to 
thereby ameliorate pain. 

12. The method of claim 11 Wherein said compound is 
represented by formula I 

OH 

Wherein R is an alk(en)yl group, R1 is an alkylen(yl) group, 
n is 0 or 1 and Ar is a carbocyclic aryl group. 

13. The method of claim 12 Wherein R is an alkyl or 
alkenyl group comprising from 1 to 7 carbon atoms and R1 
is an alkylene comprising from 3 to 6 carbon atoms and Ar 
is selected from the group consisting of phenyl, naphthyl and 
biphenyl and loWer alkyl substituted derivatives thereof. 

14. The method of claim 13 Wherein R is selected from the 
group consisting of CH3CH2, CH3CH2CH2, 
CH3CH2CH2CH2, CH3CHCH and 
CH3CHCHCH2CHCHCH2and R1 is selected from the group 
consisting of CH2CH2CH2, CH2CH2CH2CH2 and 
CH2CH2CH2CH2CH2CH2. 

15. The method of claim 13 Wherein the compound of 
formula I may be selected from the group consisting of 

H 

MN. /\ : .OH, 
O 

N 
H 

2m 

OH and 

OH 



US 2007/0129424 A1 

m2 

16. A method comprising binding a N-alk(en)yl carbocy 
clic aryl alk(yl)enyl-carbo-serotonin adduct to the fatty acid 
amide hydrolase of a Warm-blooded animal, such as a 
human being, so as to activate said receptor to enhance 
endocannabinoid levels in said animal to thereby ameliorate 
pain. 

17. The method of claim 1 Wherein said compound is 
represented by formula I 

O 

OH 
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OH and 

OH 

Wherein R is an alk(en)yl group, R1 is an alkylen(yl) group, 
n is 0 or 1 and Ar is a carbocyclic aryl group. 

18. The method of claim 17 Wherein R is an alkyl or 
alkenyl group comprising from 1 to 7 carbon atoms and R1 
is an alkylene comprising from 3 to 6 carbon atoms and Ar 
is selected from the group consisting of phenyl, naphthyl and 
biphenyl and loWer alkyl substituted derivatives thereof. 

19. The method of claim 18 Wherein R is selected from the 

group consisting of CH3CH2, CH3CH2CH2, 
CH3CH2CH2CH2, CH3CHCH and 
CHsCHCHCHzCHCHCH2 R1 is selected from the group 
consisting of CH2CH2CH2, CH2CH2CH2CH2 and 
CH2CH2CH2CH2CH2CH2. 

20. The method of claim 18 Wherein the compound of 
formula I is selected from the group consisting of 

on, 

OH and 

OH. 
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21. A compound according to formula I 

OH 

wherein R is an alk(en)yl group, R1 is an alkylen(yl) group, 
n is 0 or 1 and Ar is a carbocyclic aryl group. 

22. The compound of claim 21 Wherein R is an alkyl or 
alkenyl group comprising from 1 to 7 carbon atoms, R is an 
methyl alkylene or methyl alkenyl group selected from the 
group consisting of R1 is an alkylene group consisting from 
3 to 6 carbon atoms and Ar is selected from the group 
consisting of phenyl, naphthyl and biphenyl and C1 to C4 
alkyl substituted derivatives thereof. 

23. The compound of claim 22 Wherein R is selected from 
the group consisting of CH2CH2CH2, CH2CH2CH2CH2, 
CH2CH2CH2CH2CH2CH2, and R1 is selected from the 
group consisting of R is an methyl alkylene and methyl 
alkenyl group such as CH3CH2, CH3CH2CH2, 
CH3CH2CH2CH2, CH3CHCH and 
CH3CHCHCH2CHCHCH2. 

24. The compound of claim 22 Wherein said compound is 
selected from the group consisting of 

2m m2 

to the TRPVl channel of a Warm-blooded animal so as to 

bene?cially inhibit the activity of said channel to activation 
to thereby ameliorate pain. 

25. A method of treating neuropathic pain, said method 
comprising administration of a pain-ameliorating amount of 
the composition of claim 1 to a Warm-blooded animal to 
thereby bind the N-alk(en)yl carbocyclic aryl alk(yl)enyl 
carbo-serotonin adduct to the TRPVl channel so as to 

bene?cially inhibit the activity of said channel and activate 
the cannabinoid receptor to enhance endocannabinoid levels 
in said animal to thereby ameliorate pain. 

2m 
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