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ABSTRACT 

Compositions and methods are provided for treating neuro 
pathic pain or neuropathic dysfunction that include the 
administration of an effective amount of a de?ned carbinol 
or a pharmaceutically acceptable salt or prodrug thereof. 
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CARBINOLS FOR THE TREATMENT OF 
NEUROPATHIC DYSFUNCTION 

[0001] This application claims priority to US. Ser. No. 
60/329,869, ?led OH Oct. 16, 2001. 

FIELD OF THE INVENTION 

[0002] This invention describes the use of 4-aryl-4-pip 
eridinecarbinols in the treatment of neuropathic dysfunction 
and neuropathic pain. 

BACKGROUND OF THE INVENTION 

[0003] Many people, including over three million in the 
United States alone, experience neuropathic dysfunction. 
Neuropathic pain associated With neuropathic dysfunction is 
de?ned as pain associated With damage or dysfunction of 
peripheral or central nervous system. 

[0004] Neuropathic pain is considered a malfunction in the 
response to a pathologic process occurring along and Within 
the nervous system nociceptive pathWays and is a much 
more complex phenomenon than simple pain. Pain has been 
de?ned as “an unpleasant sensory and emotional experience 
associated With tissue damage or described in terms of such 
damage.” 
[0005] The most common types of conventional pain are 
associated With a response to a pathophysiologic process 
occurring Within the tissues, such as in?ammation, due to an 
ongoing injury or damage. The pain signal generates from 
intact primary afferent nerves that signal noxious events, or 
nociceptors. Nociceptors can be sensitiZed by release of 
algogenic agents (eg, protons, prostaglandins, bradykinin, 
serotonin, adenosine, cytokines, etc). 
[0006] In contrast, neuropathic pain is associated With 
signals generated ectopically and often in the absence of 
ongoing noxious events by pathologic processes in the 
peripheral or central nervous system. This dysfunction is 
associated With common symptoms such as allodynia (pain 
evoked by normally nonpainful touch), hyperalgesia (abnor 
mally intensive and long-lasting pain from a painful 
stimuli), intermittent abnormal sensations, and spontaneous, 
burning, shooting, stabbing, paroxysmal or electrical-sensa 
tions. 

[0007] Neuropathic pain has been associated With sensory 
changes such as paresthesias (abnormal, intermittent but 
nonpainful sensations, perceived spontaneously or evoked 
by a stimulus) or dysesthesias (abnormal painful sensations 
that are spontaneous or evoked). Allodynia, hyperalgesia 
and hyperpathia are positive sensory phenomena as opposed 
to the negative sensory phenomena de?ned by anesthesia 
and hypoesthesia. Allodynia, Which may be mechanical or 
thermal, is the painful response to an ordinarily non-noxious 
stimulus, such as one’s clothing, the mere movement of air, 
touch, or the nonpainful application of a cold or Warm 
stimulus. Hyperalgesias are exaggerated pain responses to a 
mildly noxious mechanical or thermal stimulus. Hyperpathia 
may be characteriZed as a delayed and explosive pain 
response to a noxious, or at times, non-noxious stimulus. 

[0008] Neuropathic pain may result from peripheral or 
central nervous system pathologic events (eg, trauma, 
ischemia, infections) or from ongoing metabolic or toxic 
diseases, infections or endocrinologic disorders (eg, diabe 
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tes, mellitus, diabetic neurophathy, amyloidosis, amyloid 
polyneuropathy (primary and familial), neuropathies With 
monoclonal proteins, vasculitic neuropathy, HIV infection, 
herpes Zoster—shingles and postherpetic neuralgia, etc), 
neuropathy associated With Guillain-Barré syndrome, neu 
ropathy associated With Fabry’s disease, entrapment due to 
anatomic abnormalities, trigeminal and other CNS neural 
gias, malignancies, in?ammatory conditions or autoimmune 
disorders (including demyelinating in?ammatory disorders, 
rheumatoid arthritis, systemic lupus erythematosus, 
Sjogren’s syndrome), and cryptogenic causes (idiopathic 
distal small-?ber neuropathy). Other causes of neuropathic 
pain include exposure to toxins or drugs (such as aresnic, 
thallium, alcohol, vincristine, cisplatinum and dideoxy 
nucleosides), dietary or absorption abnormalities, immuno 
globulinemias, hereditary abnormalities and amputations 
(including mastectomy). Neuropathic pain may also result 
from compression of nerve ?bers, such as radiculopathies 
and carpal tunnel syndrome. 

[0009] During neuropathic pain, ectopic activity causes a 
spontaneous discharge in the peripheral nervous system 
(PNS) pathWays, or depending on the location and type of 
nerve injury, ectopic discharge also may originate in the 
dorsal-root-ganglion (DRG) cells of damaged afferent 
axons. Within the same DRG, cell bodies of uninjured axons 
may exhibit ectopic activity too. Within the central nervous 
system (CNS), hyperexcitability of the signaling neurons 
may arise, and other mechanisms that facilitate or distort 
afferent input are likely. Central mechanisms underlying 
chronic neuropathic pain are poorly understood. Neuroana 
tomic, neurophysiologic, and neurochemical changes all 
occur as a response to PNS or CNS injury. Central sensiti 
Zation at a dorsal horn level, Which is mediated in part via 
the N-methyl-D-aspartate (NMDA) receptor, is the best 
characteriZed change involved in the generation of this 
dysfunction. 
[0010] Table 4 beloW sets out common causes of neuro 
pathic dysfunction. Se generally: WWW.uspharmacist.com/ 
NeWLook/DisplayArticle.cfm?item_num=536). 

Common Etiologies of Neuropathic pain 

Alcohol 
Diabetes mellitus 
type 1 and 2 
Eosinophilia-myalgia 
syndrome 
Guillain-Barre 
syndrome 
Heavy metals 

Arsenic 
Lead 
Mercury 
Thallium 

HIV/AIDS 
Malignant tumor-related 
Medications 

amiodarone 
aurothioglucose 
cisplatinum 
dapsone 
d4T (stavudine) 
ddC (Zalcitabine) 
ddI (didanosine) 
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-continued 

Common Etiologies of Neuropathic pain 

disul?ram 
FK 506 
hydralaZine 
isoniaZid 
metronidaZole 
nitrofurantoin 
paclitaxel 
phenytoin 
vincristine 

Monoclonal gammopathies 
Multiple sclerosis 
Post-stroke central pain 
Postherpetic neuralgia 
Traumatic/Compression 

Carpal tunnel syndrome 
Radiculopathy(sciatica, etc) 
Cervical or lumbar radiculopathy 
Complex regional pain syndrome 
Spinal cord injury 
Stump pain 

Trigeminal neuralgia 
Vasculitis 
Vitamin B6 megadosing 
Vitamin de?ciencies 

(B12, B1, B6 and E) 

[0011] The treatment of neuropathic pain continues to be 
a dif?cult and often unsuccessful medical challenge. For 
years neuropathic pain has confounded scientists. Drugs for 
the treatment of standard pain are typically ineffective 
against neuropathic pain, the drugs for the treatment of 
neuropathic pain often have no effect on normal pain sen 
sation. Traditional pain treatments, including powerful 
medications of last resort such as morphine and other opioid 
analgesics, useful in the treatment of severe pain, rarely 
alleviate neuropathic pain. The development of tolerance, 
psychic and physical dependence and potentially serious 
opioid side effects also limit the usefulness of opioids in 
treating dysfunction. Anti-in?ammatory analgesics, includ 
ing the Cox-2 inhibitors, lack the ef?cacy of opioid analge 
sics and produce other serious side effects including gas 
trointestinal bleeding and gastric erosion that limits their 
usefulness in treating neuropathic pain. 

[0012] Starting in 1988, researchers began to identify 
animal models that mimic the clinical signs of neuropathic 
pain. For example, a rat with nerve injuries has been found 
to exhibit a super-sensitive reaction to a hair tapped on its 
hindpaw. The rat will quickly jerk away. Some humans with 
neuropathic pain experience a similarly severe reaction. For 
them, the tickle of a hair can translate into a long lasting, 
burning sensation. The animal models of the ailment are 
helping scientists understand the underlying mechanism of 
neuropathic pain. 
[0013] Drugs that have been investigated for the use to 
treat neuropathic pain include sodium channel antagonists, 
calcium channel supressors, N-methyl-D-aspartate (NMDA) 
receptor blockers, anticonvulsant medications, and oral tri 
cyclic antidepressants. 
[0014] Neurons have many calcium channels, including 
the high-conductance channel found in the NMDA receptor. 
Some participate in triggering the release of neurotransmit 
ter from presynaptic vesicles. In chronic constriction injury 
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(CCI) rats, calcium channels are known to affect the spon 
taneous discharge of injured nociceptive afferents (FIG. 2). 
However, the drug also exerts its well-known effects on 
calcium channels in cardiovascular muscle, and the dosages 
that relieve pain are at or above those causing unacceptable 
heart-rate and blood-pressure changes. 

[0015] However, among the many varieties of calcium 
channels, at least one, the N-type, a voltage-gated channel, 
occurs only on neurons, not on cardiovascular muscle. In the 
Philippines, and subsequently at the University of Utah, B. 
M. Olivera and colleagues studied the venom of poisonous 
marine snails of the genus Conus. Among hundreds of snail 
species throughout the Indian and Paci?c Oceans, a few 
survive by hunting ?sh. Waving a long proboscis, they 
evidently create the impression of a worm. When a ?sh 
investigates, the snail employs the proboscis to sting the ?sh 
in the gills. In this way, it introduces a poison directly into 
the ?sh’s cardiopulmonary circulation. The ?sh drops dead 
on the spot. Fractionating this powerful venom, the research 
ers found it to be a collection of small peptides, each 
consisting of 13 to 29 amino acids. 

[0016] Among these substances (classi?ed as omega 
conopeptides), the researchers found one that affects the 
N-type calcium channel. A synthetic replica of a compound 
from the ?sh-paralyzing snail venom is one agent that offers 
relief in these animal models and now also appears to bene?t 
humans. New human studies indicate that low doses of the 
agent cause minimal side effects and offer relief for patients 
with neuropathic pain. Under the name SNX-111, it has been 
synthesized by a biotechnology ?rm. When applied to the 
site of sciatic-nerve injury in CCI rats, the treatment reduced 
heat hyperalgesia and mechanical allodynia for at least three 
hours, but had no effect on mechanical hyperalgesia. Appli 
cation to normal nerve had no effect on the animals’ 

responses to any sensory stimuli, thermal or mechanical. 
Hence, the relief did not represent any anesthetic-like nerve 
block. Since the boluses were too small for any signi?cant 
quantities to have diffused to the spinal cord, presynaptic 
blockade of neurotransmitter release within the dorsal horn 
was not a tenable explanation, either. Most probably, the 
SNX compound had reduced spontaneous discharge in pri 
mary afferent ?bers at and near the site of nerve damage. 
However, patients cannot take the drug orally, because the 
stomach digests these agents before they are able to reach 
the calcium entryways. Instead, physicians administer the 
agent directly into the spinal cord during a hospital visit. 
SNX-111 is administered by an implanted pump and cath 
eter that delivers it directly to the lumbar spinal cord. 

[0017] Other promising agents that can be consumed in 
pill form incapacitate areas on cells called N-methyl-D 
aspartate (NMDA) receptors. Animal models have helped 
researchers uncover evidence that these receptors share a 
special relationship with neuropathic pain. It appears that 
continuous activation of NMDA receptors reorganiZes pain 
sensing circuits and leads to the super-sensitive quality of 
neuropathic pain. In a range of animal models studied in 
numerous laboratories, several different NMDA receptor 
blockers have signi?cantly reduced neuropathic pain. Lim 
ited data amassed from human volunteers suggest a similar 
effect. Among the drugs is dextrorphan, known pharmaco 
logically as the primary metabolite of the over-the-counter 
cough suppressant dextromethorphan. When dextrorphan 
was tested in CCI rats, an intraperitoneal dosage of 25 mg/kg 
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was bene?cial against heat hyperalgesia, Where it normal 
iZed the latency of the WithdraWal re?ex on the nerve 
injured side, but had no effect against mechanical allodynia 
and caused no changes on the animals’ control side. 

[0018] However, unlike a neurotransmitter receptor that 
binds acetylcholine or serotonin, the NMDA receptor has 
binding sites not only for neurotransmitter (glutamate) but 
also for many other ligands, Which modi?es the receptor’s 
responsiveness. Indeed, glutamate has no effect unless other 
conditions are met. The ?rst of these conditions involves a 
glycine binding site. If the site is unoccupied, the receptor 
remains inactive. Throughout the CNS, hoWever, the extra 
cellular concentration of glycine seems perennially suf? 
cient to saturate the site. A further hurdle involves magne 
sium ions. The receptor incorporates a high-conductance ion 
channel, Which in turn can bind Mg2+. The binding is 
voltage-sensitive. If the cell membrane is at its resting 
bioelectric potential, the ion stays in place, preventing other 
ions from passing. If, hoWever, the cell has been excited by 
other inputs, so that the membrane is partially depolariZed, 
the Mg2+ is released and ionic currents can ?oW. The partial 
depolariZation can be accomplished by the cell’s excitatory 
inputs, Which, for a dorsal-horn neuron, may include 
glutamate (received at non-NMDA receptors), acetylcho 
line, and, among peptide neurotransmitters, substance P and 
calcitonin gene-related peptide. Inhibitory in?uences are a 
similarly long list, including GABA (from local inhibitory 
neurons), norepinephrine and serotonin (from the brain), 
and, among neuropeptides, dynorphin and enkephalin; Pre 
sumably, exogenous Mg2+ keeps NMDA receptors unre 
sponsive to glutamate. Only With glycine present and the 
membrane partially depolariZed, the binding of glutamate to 
the NMDA receptor can have an effect. The opened ion 
channel conducts not only Na", Which enters the cell, and 
K", Which leaves, but also Ca2+, Which enters. 

[0019] Because the receptors are important components of 
a variety of circuits in the brain and spinal cord that carry out 
different mental functions, blocking their activity also has 
side effects, such as clouded thinking. The NMDA receptor 
occurs at a high density in the cerebral cortex and hippoc 
ampus. In consequence, drugs that block the receptor can 
have psychological effects. One strategy has been to identify 
a relatively ineffective blocker, such that normal mental 
activity involving NMDA receptors may represent loW 
frequency discharge at the brain’s NMDA synapses and 
hence may not be affected by a Weak receptor blockade. In 
contrast, neuropathic pain may represent high-frequency 
discharge, Which might be blunted even by a blocker With 
loW af?nity for the receptor. Another strategy has been to 
identify usable differences among NMDA receptor subtypes. 
So far, at least ?ve have been identi?ed, among Which one 
appears to shoW a high concentration only in the spinal cord. 
A drug speci?c for this spinal subtype might avoid side 
effects arising from engagement of the brain’s NMDA 
receptors. 

[0020] In certain respects, epilepsy resembles neuropathic 
pain. Injured sensory ?bers may discharge spontaneously, 
though With a clocklike regularity unlike the irregular pat 
tern of an epileptiform burst in cortical neurons. In both 
cases, the discharge is probably due in part to abnormal 
distribution or activation of voltage-gated sodium channels 
at the neuronal cell-surface membrane. Therefore, the stan 
dard anticonvulsant carbamaZepine has been used against 
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neuropathic pain, in particular, tic douloureux, Which is one 
of the rarest of neuropathic syndromes. Against neuropathic 
pain, as against epilepsy, the drug is thought to have dual 
modes of action: blockade of sodium channels (in the 
manner of lidocaine) along With potentiation of GABAergic 
neurotransmission (in the manner of a barbiturate). Cells 
utiliZing GABA as their inhibitory neurotransmitter are 
knoWn to affect the dorsal-horn neurons that receive primary 
sensory afferents and emit ascending ?bers. In both neuro 
pathic pain and epilepsy, use of the drug has been impeded 
by the need to monitor liver function. 

[0021] NeW generations of anticonvulsant medications, in 
particular felbamate, Were found to be effective against 
abnormalities involved in neuropathic pain, at least as mod 
eled in CCI rats. Felbamate is implicated in a voltage-gated 
sodium-channel blockade, a slight potentiation of GABAer 
gic neurotransmission, and NMDA receptor blockade 
(oWing to its capacity to bind not only glutamate but also 
NMDA). Nociceptive C ?bers are knoWn to use glutamate 
to signal dorsal-horn neurons, Which express NMDA recep 
tors (along With other knoWn types of glutamate receptor). 
At intraperitoneal doses of up to 600 mg/kg (the drug’s 
antiepileptic range in rats), the high doses completely abol 
ished abnormal sensations in the four measurable Ways: heat 
hyperalgesia, mechanical hyperalgesia, mechanical allo 
dynia and hindpaW guarding. Heat hyperalgesia Was tested 
by noxious heat to the hindpaW. Mechanical hyperalgesia 
Was tested by the tip of a safety pin, pushed sloWly until it 
dimpled the hindpaW skin. Mechanical allodynia Was tested 
by von Frey hairs. All effects lasted tWo to 12 hours. In the 
control hindpaW, all responses Were unaffected, indicating 
that the drug acted speci?cally against neuropathic pain, 
rather than being broadly analgesic. With only limited 
solubility in intrathecal media, felbamate could not be tested 
directly for a spinal site of action. HoWever, the US. Food 
and Drug Administration found that felbamate had been 
found to cause liver failure and aplastic anemia, sometimes 
fatally, in humans. 

[0022] Anticonvulsants, gabapentin and lamotrigine, have 
been Widely used for several years. In CCI rats, gabapentin 
Was tested both intraperitoneally (at 10 to 75 mg/kg) and 
intrathecally (to the lumbar spinal cord, at 37.5 to 150 
mg/kg). At tWo and four hours, the intraperitoneal injections 
suppressed heat hyperalgesia and mechanical allodynia. In 
some instances, the suppression of heat hyperalgesia Was 
complete. Against mechanical hyperalgesia, the drug lacked 
effect. At 24 hours, abnormal responses had returned. For the 
intrathecal injections, the pattern Was similar, implying a 
spinal site of drug action. On the control side, gabapentin, 
like felbamate, caused no signi?cant change in any 
responses. Chemically, gabapentin is a small, cyclic GABA 
analogue. Curiously, it has no direct effect on GABA recep 
tors. Indirect effects have been proposed, for example, an 
upregulation of intracellular GABA storage. Gabapentin 
binds With high af?nity to a subunit of a voltage-gated 
calcium channel distributed unevenly throughout the ner 
vous system. It remains uncertain precisely Which types of 
calcium channel have the subunit. 

[0023] It is Widely accepted that oral tricyclic antidepres 
sants (TCAs) are useful adjuncts in treating neuropathic 
pain. In addition, tricyclic antidepressants may be better 
tolerated than anticonvulsants. While tricyclic antidepres 
sants are not recogniZed as primary agents to treat neuro 
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pathic pain, TCAs have an effect of serotonin (5-HT) 
release, the noradrenergic pathways and a sodium channel 
blocking effect (S. Butler, Adv. Pain Res. Ther. 7:173-197, 
1984), With evidence of ef?cacy existing for amitriptylin, 
imipramine, desimipramine and clomipramine. This effect is 
independent of their antidepressant effect and may be dose 
related. In fact, there is a lack of evidence for ef?cacy of 
selective serotonin reuptake inhibitors (SSRI) antidepres 
sants for treating neuropathic pain. Recent Work has high 
lighted a potential effect of topical doXepin, a TCA, in 
neuropathic pain. The topical application of doXepin is 
associated With feW side effects, and particularly central 
side-effects. 

[0024] VenlafaXine has been clinically evaluated for pain 
ful diabetic neuropathy (See for example, Pernia, A.; Mico, 
J. A.; Calderon, E.; Torres, L. M. “VenlafaXine for the 
treatment of neuropathic pain”] Pain Symptom Manage, 
2000, 19(6):408-10; Kiayias, J. A.; Vlachou E. D.; Lakka 
Papadodima, E. “VenlafaXine HCl in the treatment of painful 
peripheral diabetic neuropathy”Diabetes Care, 2000, 
23(5):699; Ansari, A. “The efficacy of neWer antidepressants 
in the treatment of chronic pain: a revieW of current litera 
ture”Harv Rev Psychiatry 2000; 7(5):257-77; and Davis, J. 
L.; Smith, R. L. “Painful peripheral diabetic neuropathy 
treated With venlafaXine HCl eXtended release capsules” 
Diabetes Care 1999, 22(11):1909-10). 

[0025] Despite the research on, neuropathic pain to date, 
very feW therapies have been identi?ed that are not associ 
ated With signi?cant negative side effects. The research has 
been made more dif?cult by the inability to eXtrapolate 
success in conventional pain therapy to successful treatment 
of neuropathic dysfunction and associated pain. Because of 
neuropathic pains’ distinct pathophysiology and response to 
pharmacotherapy, the FDA considers “neuropathic pain”, a 
unique and stand-alone indication, separate from “chronic 
pain,”“arthritis pain,”“migraine pain,” and “acute pain.” 
Certain 4-arylpiperidinecarbinols are knoWn to have antide 
pressant activity. These compounds and methods for pre 
paring them are disclosed in Ciganek, US. Pat. No. 4,485, 
109, issued Nov. 27, 1984 I. DuPont de Nemours and 
Company). 
[0026] 4-Aryl4-piperdine (or pyrrolidine or heXahy 
droaZepine)carbinols and heterocyclic analogs, including 
4-(3-thienyl)-ot,ot,1-trimethyl-4-piperidinemethanol, are 
disclosed in US. Pat. Nos. 5,019,650 and 5,086,063 as 
compounds useful in the treatment of depression and con 
ventional pain. 

[0027] US. Pat. No. 3,108,111 to Stern et al., Nov. 22, 
1963, discloses piperidine compounds useful as cough sup 
pressants and analgesics. 

[0028] US. Pat. No. 3,080,372 to Janssen, Mar. 5, 1963, 
discloses pharmaceutically useful piperidines. 

[0029] JP 5 ,9106-460-A discloses antifungal and analgesic 
nitrogen containing heterocycles, including piperidines. 

[0030] BE 775,611 discloses 1-(3,3-diphenyl-1-propyl)-4 
arylpiperidines as analgesics, spasmolytics and antitussive 
agents. 

[0031] Several secondary piperidinecarbinols have been 
reported in the literature. Representative of these are M. A. 
lorio et al., Tetrahedron, 4983 (1971); F. Bergel et al., J. 
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Chem. Soc., 26, (1944); A. D. MacDonald et al., Brit J. 
Pharmacol., 1,4 (1946); A. L. Morrison et al., J. Chem. Soc., 
1467, (1950); H. Kagi et al., Helv. Chim. Acta, 7,2489 
(1949); U. Bondesson et al., Drug Metab. Dispos., 9, 376 
(1981); U. Bondesson et al., Acta Pharm. Suec., 11, 1 
(1980). 
[0032] Given that neuropathic disorders are chronic, 
eXtremely disabling and refractory to currently available 
analgesics, it Would be of great bene?t to provide neW 
compositions and methods for its treatment. 

[0033] Therefore, it is one object of the present invention 
to provide pharmaceutical compositions for the treatment of 
neuropathic disorders and associated dysfunction and pain. 

[0034] It is another embodiment of the present invention 
to provide methods and uses of compounds and composi 
tions for the treatment of neuropathic pain. 

SUMMARY OF THE INVENTION 

[0035] It has been discovered that 4-(3-thienyl)-(x,ot,1,1 
trimethyl-4-piperidinemethanol (the compound of formula 
III, also referred to herein as compound A or EN 3215) or its 
pharmaceutically acceptable salt or prodrug is a superior 
compound for the treatment of neuropathic pain, and thus 
can be used to treat a patient suffering from any symptom 
arising from this dysfunction. Unlike opioid analgesics, it 
does not shoW signi?cant activity at mu, kappa, delta or 
sigma receptor sites in the brain. Studies in animals shoW 
that it lacks the addictive and respiratory depressant prop 
erties of narcotic-related analgesics. Unlike anti-in?amma 
tory analgesics, it does not inhibit prostaglandin synthesase 
activity or shoW anti-in?ammatory effects in vivo. Like the 
tricyclic antidepressants, it inhibits uptake of serotonin, 
norepinephrine and/or dopamine in rat brain preparations. 
Effective doses of the compound of the invention for the 
treatment of neuropathic pain are not accompanied by 
signi?cant anticholinergic side effects, sedation or other 
signs of motor impairment observed With tricyclic antide 
pressants. 

[0036] In another embodiment, a compound of the for 
mula (I) is provided for the treatment of neuropathic pain: 

(1) 

[0037] or its pharmaceutically acceptable salt or prodrug 
thereof, Wherein: 

[0038] 
[0039] R1 is CH3, C2H5, n-C3H7 or allyl; 

[0040] R2 and R3 independently are H or alkyl of 1-4 
carbon atoms; or R1 and R2 taken together is a branched 
or unbranched alkylene bridge Wherein the bridge is of 
3 or 4 carbon atoms; or R2 and R3 taken together is a 
branched or unbranched alkylene bridge Wherein the 
bridge is of 3 to 6 carbon atoms; 

mis1,2or3; 
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[0041] R4 is: 

[0042] (a) phenyl or 

[0043] wherein X is one or tWo substituents, the 
same or different, selected from F, Cl, Br, per?uo 
roalkyl, alkyl, alkyl- or dialkylamino, alkylthio, 
alkoXy or phenoXy, said alkyl in the alkyl-containing 
groups being of 1 to 12 carbon atoms; 

[0044] (b) 2-, 3-, or 4-biphenyl or 2-, 3-, or 4-biphe 
nyl Where either or both aromatic groups are substi 

tuted With 1 or 2 substituents, the same or different, 
selected from F, Cl, alkyl, per?uoroalkyl, alkoXy, 
aryloXy, alkylthio, per?uoroalkoxy, arylthio, per?uo 
roalkyl-thio and dialkylamino, said alkyl and alkoXy 
groups being of 1-12 carbon atoms and said aryl 
groups being of 6-12 carbon atoms; 

[0045] (c) 1- or 2-naphthyl optionally having one or 
tWo X substituents as de?ned in (a) above; 

[0046] (d) 2-, 3-, or 4-pyridyl, or 2-, or 3-pyrrolyl 
optionally substituted With one to three alkyl groups 
of 1-4 carbon atoms; 

[0047] (e) 2- or 3-thienyl optionally substituted With 
one substituent selected from Cl, Br, or alkyl of 1-4 
carbon atoms; or 

[0048] 2- or 3-benZothienyl or benZofuryl option 
ally substituted on the aromatic ring With Cl, Br, or 

CF3; 

[0049] R5 is alkyl of 1-4 carbon atoms, or is taken 
together With R6 to form a branched or unbranched 
alkylene bridge of 3-11 carbon atoms; 

[0050] R6 is H, alkyl of 1-4 carbon atoms, or is taken 
together With R5 to form a branched or unbranched 
alkylene bridge of 3-11 carbon atoms; and 

[0051] R7 is H, alkyl of 1-4 carbon atoms, alkanoyl of 
14 carbon atoms, or —CHZphenyl; or a pharmaceuti 
cally salt or N-oXide thereof, provided that When 

[0052] 1) R1, R5 and R6 are methyl, and R2 and R3 are 
H, then R4 is not 3,4-F2C6H3, 3,4-C12C6H3, p-t-bu 
tylphenyl, 2,3-(MeO)2C6H3, 2,5-(MeO)2C6H3, or 
3-pyridyl; 

[0053] 2) R1, R5 and R6 are methyl or R5 and R6 are 
taken together as —(CH2)6— and —(CH2)7—, then R4 
is not 3-(MeO)C6H4. 

[0054] Also provided is a novel class of carbinols useful 
for the treatment of neuropathic pain, having the formula 
(II): 
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(11) 

[0055] Wherein 

[0056] When m is 2 and R6 is other than H, R1, R2 and 
R3 are as de?ned above; 

[0057] R4 is: 

[0058] (a) 

/ 

[0059] (b) 1-naphthyl optionally substituted With 
one or tWo substituents, the same or different, 
selected from F, Cl, Br; per?uoroalkyl, alkylthio, 
alkoXy, phenoXy, alkyl, alkyl- or dialkylamino, 
said alkyl in the alkyl-containing groups being 
1-12 carbon atoms. 

[0060] (c) 3-pyrrolyl optionally substituted With 
one to three alkyl groups of 1-4 carbon atoms, 

[0061] (d) 2-, or 3-thienyl optionally substituted 
With Cl, Br, or alkyl of 1-4 carbon atoms, provided 
When 2-thienyl is substituted With alkyl it is other 
than the 5-position, or 

[0062] (e) 2-, or 3-benZothienyl or benZofuryl 
optionally substituted on the aromatic ring With 
Cl, Br or CF3; 

[0063] R5 independently is alkyl of 1-4 carbon atoms 
or When taken together With R6 is a branched or 
unbranched alkylene bridge of 3-11 carbon atoms; 

[0064] R6 independently is alkyl of 1-4 carbon atoms, 
or When taken together With R5 is a branched or 
unbranched alkylene bridge of 3-11 carbon atoms; 

[0065] R7 is H, alkyl of 14 carbon atoms, alkanoyl, or 
—CHZphenyl; and 

[0066] When m is 1 or 3, or When R6 is H and m is 2; 
then R1 independently is CH3, CZHS, n-C3H7, or allyl; 

[0067] R2 and R3 independently are H or alkyl of 1-4 
carbon atoms; or R1 and R2 taken together is a 
branched or unbranched alkylene bridge Wherein the 
bridge is of 3 or 4 carbon atoms; 

[0068] or R2 and R3 taken together is a branched or 
unbranched alkylene bridge Where the bridge is of 3 
to 6 carbon atoms; 



US 2005/0026956 A1 

[0069] R4 is: 

[0070] (a) phenyl or 

[0071] Where X is one or tWo substituents the 
same or different selected from F, Cl, Br, per?uo 
roalkyl, alkyl, alkyl- or dialkylamino, alkylthio, 
alkoXy or phenoXy, said alkyl in the alkyl-contain 
ing groups being of 1 to 12 carbon atoms; 

[0072] (b) 2-, 3-, or 4-biphenyl Where either or 
both aromatic groups are substituted With 1 or 2 

substituents, the same or different selected from F, 
Cl, alkyl, per?uoroalkyl, alkoXy, aryloXy, alky 
lthio, arylthio, per?uoroalkoxy, per?uoroalkylthio 
and dialkylamine, amino, said alkyl and alkoXy 
groups being of 1-12 carbon atoms and said aryl 
groups being of 6-12 carbon atoms; 

[0073] (c) 1- or 2-naphthyl optionally having one 
or tWo X substituents as de?ned in (a) above; 

[0074] (d) 2-, 3-, or 4-pyridyl, or 2-, or 3-pyrrolyl 
optionally substituted With one to three alkyl 
groups of 1-4 carbon atoms; 

[0075] (e) 2- or 3-thienyl optionally substituted 
With one substituent selected from Cl, Br, or alkyl 
of 1-4 carbon atoms; or 

[0076] 2- or 3-benZothienyl or benZofuryl 
optionally substituted on the aromatic ring With 
Cl, Br, or CF3; 

[0077] R5 independently is alkyl of 1-4 carbon atoms, or 
When taken together With R6 is a branched or 
unbranched alkylene bridge of 3-11 carbon atoms; 

[0078] R6 independently is H, alkyl of 1-4 carbon 
atoms, or When taken together With R5 is a branched or 
unbranched alkylene bridge of 3-11 carbon atoms; 

[0079] R7 is H, alkyl of 1-4 carbon atoms, alkanoyl, or 
—CH2° phenyl; or 

[0080] a pharmaceutically suitable salt or N-oXide 
thereof, 

[0081] provided that When R6 is H, R1 is methyl and m 
is 2, then R4 is other than C6H5, 2-(MeO)C6H4, 2,3 
(MeO)2C6H3 and pharmaceutically suitable salts or 
N-oXides thereof. 

[0082] Preferred compounds are those of Formula (I) 
Where When m is 2: 

[0083] (a) R1 is CH3; or 

[0084] (b) R2 and R3 are H; or 
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[0085] (c) R4 is 2- or 3-thienyl, or 

/ 

[0086] Where X is Cl, Br, F, CF3; or 

[0087] (d) R5 is CH3; or 

[0088] (e) R6 is H or CH3; or 

[0089] R7 is H. 

[0090] Preferred compounds are those of Formula (I) 
Where When m is 1 or 3; 

[0091] (a) R1 is CH3; or 

[0092] (b) R2, R3 and R7 are H; or 

[0093] (c) R4 is 

/ 

[0094] Where X is Cl, Br, F or CF3; or 

[0095] (d) R5 is CH3; or 

[0096] (e) R6 is H or CH3. 

[0097] Speci?cally preferred compounds are the folloW 
ing: 

[0098] (a) 4-(3‘-Thienyl) -ot,ot,1 -trimethyl-4-pip 
eridinemethanol; 

[0099] (b) 4-(3‘-Chlorophenyl)-ot, 1-dimethylpip 
eridinemethanol; 

[0100] (c) 4-(3‘-Chlorophenyl)-ot,ot,1-trimethyl-4-pip 
eridinemethanol; 

[0101] (d) 
eridinemethanol; 

[0102] (e) 4-(3‘-Bromophenyl)-ot,ot,1-trimethyl-4-pip 
eridinemethanol; 

[0103] 4-(2-Thienyl)-ot,1-dimethylpiperidinemetha 
nol; 

[0104] (g) 4-(3-Thienyl)-ot,1-dimethylpiperidinemetha 
nol; 

[0105] (h) 4-(3‘-Chlorophenyl)-ot,1-dimethyl-2,3,4,5,6, 
7-heXahydro-1H-aZepine-1-methanol; 

4-(3‘-Bromophenyl)-ot, 1-dimethylpip 

[0106] 3-(3‘-Chlorophenyl)-ot,(x,1-trimethyl-3-pyr 
rolidinemethanol; and 

[0107] 4(4‘-Tri?uoromethylphenyl)-ot-1-dimethylpi 
peridinemethanol 

[0108] or a pharmaceutically suitable salt thereof. 
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[0109] Also provided is a compound having the formula 
(III): 

(III) 
5 

[0110] or its pharmaceutically acceptable salt or prodrug 
thereof, for the treatment or prophylaxis of neuropathic pain. 

[0111] Alternatively, provided is a compound having the 
formula (IV): 

(IV) 
2 

[0112] or its pharmaceutically acceptable salt or prodrug 
thereof, Wherein: 

[0113] X1 and X2 are independently O or NR2; and 

[0114] R1 is H, alkyl, loWer alkyl (such as a C1 to C6 
optionally substituted branched or straight-chained 
alkyl); alkenyl, alkynyl, acyl, —C(O)R5 , 
—C(O)NR5R6, —C(O)OR5, —C(O)SR5, —C(S)R5, 
—C(S)NR5R6, —C(S)OR5, —C(S)SR5, —C(NR7)R5, 
—C(NR7)NR5R6, —C(NR7)OR5, —C(NR7)SR5 or 
phosphate; and 

[0115] R2, R5, R6 and R7 are independently H, alkyl or 
loWer alkyl (such as a C1 to C4 optionally substituted 
branched or straight-chained alkyl). 

[0116] In one embodiment of the present invention, a 
compound of formula (I)-(IV), optionally in a pharmaceu 
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tically acceptable carrier, are used for the treatment or 
prophylaxis of neuropathic disorders and associated dys 
function and neuropathic pain. 

[0117] In another embodiment of the invention, composi 
tions comprising compounds of the formula (I)-(IV), option 
ally in a pharmaceutically acceptable carrier, in combination 
With one or more other agents are useful for the treatment of 
neuropathic pain. 

[0118] In another embodiment of the invention, a method 
is provided for the treatment or prophylaxis of neuropathic 
disorder, dysfunction or pain comprising administering to a 
host, preferably a human, an effective amount of a com 
pound of formula (I)-(IV). 

[0119] In yet another embodiment of the invention, a 
method is provided for the treatment or prophylaxis of 
neuropathic disorder, dysfunction or pain comprising 
administering to a host, preferably a human, an effective 
amount of a compound of formula (I)-(IV) in combination or 
alternation With one or more other active agents. 

[0120] In yet another embodiment, a use of compounds of 
the formula (I)-(IV), optionally in a pharmaceutically 
acceptable carrier, and optionally in combination or alter 
nation With one or more other agents for the treatment or 

prophylaxis of neuropathic disorder, dysfunction or pain is 
provided. 
[0121] In yet another embodiment, a use of compounds of 
the formula (I)-(IV), optionally in a pharmaceutically 
acceptable carrier, optionally in combination or alternation 
With one or more other agents in the manufacture of a 
medicament for the treatment or prophylaxis of neuropathic 
pain is provided. 

BRIEF DESCRIPTION OF THE FIGURES 

[0122] FIG. 1 is an illustration of the anatomic and 
biochemical reWiring seen in the CNS after nerve injury, 
indicating that neuropathic pain represents the activity of a 
sensory processing system at least partly neW. In the normal 
circuitry (top), sensory axons With cell bodies in dorsal root 
ganglia convey sensation to the spinal cord’s dorsal horn, 
Which in turn emits signals via ascending sensory pathWays. 
A representative large-diameter touch ?ber has its oWn 
ascending branch, While a thinner pain ?ber is shoWn 
making local spinal connections. After nerve injury, the pain 
?ber appears to use an altered set of peptides. MeanWhile, 
substance P begins to appear in touch ?bers, Which noW 
arboriZe in dorsal-horn laminae, Where their rami?cations 
Would not normally occur. See Table beloW: 

Site Biochemical Change Anatomic Change 

1. Sensory periphery 

2. Primary afferent 
neuron With small 

diameter, presumably 
nociceptive, ?ber 

De novo expression of functional 

receptors (e.g., opioid, alpha 
adrenergic) at nociceptive terminals 
Decreased synthesis (e.g., of Sprouting of sympathetic 

?bers from normal targets 

(blood vessels) to primary 
afferent cell bodies 

substance P, calcitonin gene-related 
peptide) 
Increased synthesis (e.g., of neuro 
peptide Y, vasoactive intestinal 

polypeptide, somatostatin, galanin) 
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Site Biochemical Change Anatomic Change 

3. Primary afferent 
neuron With large 
diameter touch ?ber 

Increased synthesis (6g, of 
substance P, neuropeptide Y) 

Sprouting of presynaptic 
rami?cations into 
super?cial dorsal horn, 
Where normally only 
nociceptors terminate 

4. Dorsal-horn neuron Increased synthesis (6g, of opioid 
peptides) 
Time-varying changes in opioid 
receptor classes (micro, delta, 
kappa) 

5. Brainstem neuron Responsiveness to substance P 
(dorsal column nuclei) released from touch ?bers 

[0123] This rewiring helps explain Why drugs useful 
against normal pain are largely ineffective against neuro 
pathic pain, Whereas drugs against neuropathic pain are not 
analgesic (see WWW.hosppract.com/issues/1998/10/ben 
nett.htm). 
[0124] FIG. 2 is an illustration of the receptor implicated 
in the treatment of neuropathic pain. 

[0125] FIG. 3 is a non-limiting example of the synthesis 
of compounds of the present invention. 

[0126] FIG. 4 is a non-limiting example of a preferred 
embodiment for the synthesis of a compound of the present 
invention, 4-(3-thienyl)-ot,ot,1-trimethyl-4-piperidinemetha 
nol. 

[0127] FIG. 5 is an illustration of the ef?cacy of the 
compound of the present invention, and in particular of 
4-(3-thienyl)-ot,ot,1-trimethyl-4-piperidinemethanol, in the 
treatment of neuropathic pain using the formalin model With 
respect to venlafaxine and a saline control. FIGS. 5A and 
5C are line graphs shoWing the measured ?inches per 
minute over sixty minutes of observation of animals dosed 
With EN3512 or venlafaxine, respectively. EN3512 and 
venlafaxine Were given at 200 mg/100 mg/SO mg per kg 
orally and saline Was administered as a control. FIGS. 5B 
and 5D are bar graphs depicting the cumulative measured 
?inches during the tWo main phases of the formalin test: 
phase I—an acute nociceptive component; and phase II—a 
chronic nociceptive component characterized by hyperalge 
51a. 

[0128] FIG. 6 is an illustration of the ef?cacy of the 
compound of the present invention, and in particular of 
4-(3-thienyl)-ot,ot,1-trimethyl-4-piperidinemethanol, in the 
treatment of neuropathic pain using the Chung model With 
respect to venlafaxine and a saline control. FIGS. 6A and 
6C are line graphs shoWing the increased tactile threshold of 
the animals at different doses of compound A (200 mg/kg; 
100 mg/kg, 50 mg/kg, and saline PO control) and venlafax 
ine (200 mg/kg; 100 mg/kg; 50 mg/kg; and saline PO 
control), respectively, over a 24 hour period. FIGS. 6B and 
6D are bar graphs depicting the percent maximum effect of 
drug relative to rats that did not undergo the surgical 
procedure. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0129] It has been discovered that the compound of for 
mulas I-IV, and in particular, 4-(3-thienyl)-ot,ot,l-trimethyl 

4-piperidinemethanol (the compound of formula III, also 
referred to herein as compound A or EN3215) or its phar 
maceutically acceptable salt or prodrug is a superior com 
pound for the treatment of neuropathic dysfunction and 
associated pain, and thus can be used to treat a patient 
suffering from any symptom arising from this dysfunction. 

[0130] Unlike opioid analgesics, EN3215 does not shoW 
signi?cant activity at mu, kappa, delta or sigma receptor 
sites in the brain. Studies in animals shoW that it lacks the 
addictive and respiratory depressant properties of narcotic 
related analgesics. Unlike anti-in?ammatory analgesics, it 
does not inhibit prostaglandin synthesase activity or shoW 
anti-in?ammatory effects in vivo. Like the tricyclic antide 
pressants, it inhibits uptake of serotonin, norepinephrine 
and/or dopamine in rat brain preparations. However, effec 
tive doses of the compound of the invention for the treatment 
of neuropathic pain are not accompanied by anticholinergic 
side effects, sedation or other signs of motor impairment 
observed With tricyclic antidepressants. 

[0131] In one embodiment, compounds of the present 
invention, optionally in a pharmaceutically acceptable car 
rier, are used for the treatment or prophylaxis of neuropathic 
dysfunction or pain. 

[0132] In another embodiment of the invention, composi 
tions comprising compounds of the present invention, 
optionally in a pharmaceutically acceptable carrier, in com 
bination With one or more other agents are useful for the 
treatment of neuropathic dysfunction or pain. 

[0133] In another embodiment of the invention, a method 
is provided for the treatment or prophylaxis of neuropathic 
dysfunction or pain comprising administering to a host, 
preferably a human, an effective amount of a compounds of 
the present invention. 

[0134] In yet another embodiment of the invention, a 
method is provided for the treatment or prophylaxis of 
neuropathic dysfunction or pain comprising administering to 
a host, preferably a human, an effective amount of a com 
pounds of the present invention in combination or alterna 
tion With one or more other agents are useful for the 
treatment of neuropathic pain. 

[0135] In yet another embodiment, use of the compound 
of the present invention, optionally in a pharmaceutically 
acceptable carrier, and optionally in combination or alter 
nation With one or more other agents for the treatment or 
prophylaxis of neuropathic dysfunction or pain is provided. 
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[0136] In yet another embodiment, use of the compound 
of the present invention, optionally in a pharmaceutically 
acceptable carrier, and optionally in combination or alter 
nation With one or more other agents in the manufacture of 
a medicament for the treatment or prophylaxis of neuro 
pathic dysfunction or pain is provided. 

[0137] 
[0138] The invention includes a compound of the formula: 

I. Active Compounds of the Invention 

(I) 
R3 

[0139] or its pharmaceutically acceptable salt or prodrug 
thereof, Wherein: 

[0140] m is 1, 2 or 3; 

[0141] R1 is CH3, C2H5, n-C3H7 or allyl; 

[0142] R2 and R3 independently are H or alkyl of 1-4 
carbon atoms; or R1 and R2 taken together is a branched 
or unbranched alkylene bridge Wherein the bridge is of 
3 or 4 carbon atoms; or R2 and R3 taken together is a 
branched or unbranched alkylene bridge Wherein the 
bridge is of 3 to 6 carbon atoms; 

[0143] R4 is: 

[0144] (g) phenyl or 

[0145] Wherein X is one or tWo substituents, the 
same or different, selected from F, Cl, Br, per?uo 
roalkyl, alkyl, alkyl- or dialkylamino, alkylthio, 
alkoXy or phenoXy, said alkyl in the alkyl-containing 
groups being of 1 to 12 carbon atoms; 

[0146] (h) 2-, 3-, or 4-biphenyl or 2-, 3-, or 4-biphe 
nyl Where either or both aromatic groups are substi 
tuted With 1 or 2 substituents, the same or different, 
selected from F, Cl, alkyl, per?uoroalkyl, alkoXy, 
aryloXy, alkylthio, per?uoroalkoxy, arylthio, per?uo 
roalkyl-thio and dialkylamino, said alkyl and alkoXy 
groups being of 1-12 carbon atoms and said aryl 
groups being of 6-12 carbon atoms; 

[0147] 1- or 2-naphthyl optionally having one or 
tWo X substituents as de?ned in (a) above; 

[0148] (1) 2-, 3-, or 4-pyridyl, or 2-, or 3-pyrrolyl 
optionally substituted With one to three alkyl groups 
of 1-4 carbon atoms; 

[0149] (k) 2- or 3-thienyl optionally substituted With 
one substituent selected from Cl, Br, or alkyl of 1-4 
carbon atoms; or 
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[0150] (l) 2- or 3-benZothienyl or benZofuryl option 
ally substituted on the aromatic ring With Cl, Br, or 
CF3; 

[0151] R5 is alkyl of 1-4 carbon atoms, or is taken 
together With R6 to form a branched or unbranched 
alkylene bridge of 3-11 carbon atoms; 

[0152] R6 is H, alkyl of 1-4 carbon atoms, or is taken 
together With R5 to form a branched or unbranched 
alkylene bridge of 3-11 carbon atoms; and 

[0153] R7 is H, alkyl of 1-4 carbon atoms, alkanoyl of 1-4 
carbon atoms, or —CH2phenyl; or a pharmaceutically salt or 
N-oXide thereof, provided that When 

[0154] 3) R1, R5 and R6 are methyl, and R2 and R3 are 
H, then R4 is not 3,4-F2C6H3, 3,4-Cl2C6H3, p-t-bu 
tylphenyl, 2,3-(MeO)2C6H3, 2,5-(MeO)2C6H3, or 
3-pyridyl; 

[0155] 4) R1, R5 and R6 are methyl or R5 and R6 are 
taken together as —(CH2)6— and —(CH2)7—, then R4 
is not 3-(MeO)C6H4. 

[0156] Also provided is a novel class of carbinols useful 
for the treatment of neuropathic pain, having the formula 
(II): 

[0157] Wherein 

[0158] When m is 2 and R6 is other than H, R1, R2 and 
R3 are as de?ned above; 

[0159] R4 is: 

[0160] 

/ 

[0161] (g) 1-naphthyl optionally substituted With 
one or tWo substituents, the same or different, 
selected from F, Cl, Br; per?uoroalkyl, alkylthio, 
alkoXy, phenoXy, alkyl, alkyl- or dialkylamino, 
said alkyl in the alkyl-containing groups being 
1-12 carbon atoms. 

[0162] (h) 3-pyrrolyl optionally substituted With 
one to three alkyl groups of 1-4 carbon atoms, 

[0163] 2-, or 3-thienyl optionally substituted 
With Cl, Br, or alkyl of 14 carbon atoms, provided 
When 2-thienyl is substituted With alkyl it is other 
than the 5-position, or 
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[0164] 2-, or 3-benZothienyl or benZofuryl 
optionally substituted on the aromatic ring With 
Cl, Br or CF3; 

[0165] R5 independently is alkyl of 1-4 carbon atoms 
or When taken together With R6 is a branched or 
unbranched alkylene bridge of 3-11 carbon atoms; 

[0166] R6 independently is alkyl of 1-4 carbon atoms, 
or When taken together With R5 is a branched or 
unbranched alkylene bridge of 3-11 carbon atoms; 

[0167] R7 is H, alkyl of 1-4 carbon atoms, alkanoyl, 
or —CH2phenyl; and 

[0168] When m is 1 or 3, or When R6 is H and m is 2; 
then R1 independently is CH3, C2H5, n-C3H7, or allyl; 

[0169] R2 and R3 independently are H or alkyl of 1-4 
carbon atoms; or R1 and R2 taken together is a 
branched or unbranched alkylene bridge Wherein the 
bridge is of 3 or 4 carbon atoms; or R2 and R3 taken 
together is a branched or unbranched alkylene bridge 
Where the bridge is of 3 to 6 carbon atoms; 

[0170] R4 is: 

[0171] (g) phenyl or 

[0172] Where X is one or tWo substituents the 
same or different selected from F, Cl, Br, per?uo 
roalkyl, alkyl, alkyl- or dialkylamino, alkylthio, 
alkoXy or phenoXy, said alkyl in the alkyl-contain 
ing groups being of 1 to 12 carbon atoms; 

[0173] (h) 2-, 3-, or 4-biphenyl Where either or 
both aromatic groups are substituted With 1 or 2 
substituents, the same or different selected from F, 
Cl, alkyl, per?uoroalkyl, alkoXy, aryloXy, alky 
lthio, arylthio, per?uoroalkoxy, per?uoroalkylthio 
and dialkylamine, amino, said alkyl and alkoXy 
groups being of 1-12 carbon atoms and said aryl 
groups being of 6-12 carbon atoms; 

[0174] 1- or 2-naphthyl optionally having one 
or tWo X substituents as de?ned in (a) above; 

[0175] (1) 2-, 3-, or 4-pyridyl, or 2-, or 3-pyrrolyl 
optionally substituted With one to three alkyl 
groups of 1-4 carbon atoms; 

[0176] (k) 2- or 3-thienyl optionally substituted 
With one substituent selected from Cl, Br, or alkyl 
of 1-4 carbon atoms; or 

[0177] (1) 2- or 3-benZothienyl or benZofuryl 
optionally substituted on the aromatic ring With 
Cl, Br, or CF3; 

[0178] R5 independently is alkyl of 1-4 carbon atoms, or 
When taken together With R6 is a branched or 
unbranched alkylene bridge of 3-11 carbon atoms; 
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[0179] R6 independently is H, alkyl of 1-4 carbon 
atoms, or When taken together With R5 is a branched or 
unbranched alkylene bridge of 3-11 carbon atoms; 

[0180] R7 is H, alkyl of 1-4 carbon atoms, alkanoyl, or 
—CH2phenyl; or 

[0181] a pharmaceutically suitable salt or N-oXide 
thereof, 

[0182] provided that When R6 is H, R1 is methyl and m 
is 2, then R4 is other than C6H5, 2-(MeO)C6H4, 2,3 
(MeO)2C6H3 and pharmaceutically suitable salts or 
N-oXides thereof. 

[0183] Preferred compounds are those of Formula (I) 
Where When m is 2: 

[0184] (g) R1 is CH3; or 

[0185] (h) R2 and R3 are H; or 

[0186] R4 is 2- or 3-thienyl, or 

\ 
—X 

/ 

0187 Where X is Cl, Br, F, CF ; or 3 

[0188] R5 is CH3; or 

[0189] (k) R6 is H or CH3; or 

[0190] (l) R7 is H. 

[0191] Preferred compounds are those of Formula (I) 
Where When m is 1 or 3; 

[0192] R1 is CH3; or 

[0193] (g) R2, R3 and R7 are H; or 

[0194] (h) R4 is 

/ 

[0195] Where X is Cl, Br, F or CF3; or 

[0196] R5 is CH3; or 

[0197] R6 is H or CH3. 

[0198] Speci?cally preferred compounds are the folloW 
ing: 

[0199] (a) 4-(3‘-Thienyl)-ot,ot,1-trimethyl-4-pip 
eridinemethanol; 

[0200] (b) 4-(3‘-Chlorophenyl)-ot, 1-dimethylpip 
eridinemethanol; 

[0201] (c) 4-(3‘-Chlorophenyl)-ot,ot,1-trimethyl-4-pip 
eridinemethanol; 

[0202] (d) 4-(3‘-Bromophenyl)-ot,1-dimethylpip 
eridinemethanol; 
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[0203] (e) 4-(3‘-Brornophenyl)-ot,(x,1-trirnethyl-4-pip 
eridinernethanol; 

[0204] 4-(2-Thienyl)-ot,1-dirnethylpiperidinernetha 
nol; 

[0205] (g) 4-(3-Thienyl)-ot,1-dirnethylpiperidinernetha 
nol; 

[0206] (h) 4-(3‘-Chlorophenyl)-ot, 1-dirnethyl-2,3,4,5,6, 
7-heXahydro-1H-aZepine-1-rnethanol; 

[0207] 3-(3‘-Chlorophenyl)-ot,(x,1-trirnethyl-3-pyr 
rolidinernethanol; and 

[0208] 4(4‘-Tri?uorornethylphenyl)-ot,l-dirnethylpi 
peridinernethanol 

[0209] or a pharrnaceutically suitable salt thereof. 

[0210] Also provided is a compound having the formula 
(III): 

(III) 
5 

[0211] or its pharrnaceutically acceptable salt or prodrug 
thereof, for the treatment or prophylaxis of neuropathic pain. 

[0212] Alternatively, provided is a compound having the 
formula (IV): 

(W) 
X1 X2 

[0213] or its pharrnaceutically acceptable salt or prodrug 
thereof, Wherein: 

[0214] X1 and X2 are independently O or NR2; and 

[0215] R1 is H, alkyl, loWer alkyl (such as a C1 to C6 
optionally substituted branched or straight-chained 
alkyl); alkenyl, alkynyl, acyl, —C(O)R5 , 
—C(O)NR5R6, —C(O)OR5, —C(O)SR5, —C(S)R5, 
—C(S)NR5R6, —C(S)OR5, —C(S)SR5, —C(NR7)R5, 
—C(NR7)NR5R6, —C(NR7)OR5, —C(NR7)SR5 or 
phosphate; and 

[0216] R2, R5, R6 and R7 are independently H, alkyl or 
loWer alkyl (such as a C1 to C4 optionally substituted 
branched or straight-chained alkyl). 
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[0217] II. De?nitions 

[0218] The term “alkyl,” as used herein, unless otherWise 
speci?ed, refers to a saturated straight, branched, or cyclic, 
primary, secondary, or tertiary hydrocarbon, including but 
not limited to those of C1 to C16, and speci?cally includes 
methyl, ethyl, propyl, isopropyl, cyclopropyl, butyl, isobu 
tyl, t-butyl, pentyl, cyclopentyl, isopentyl, neopentyl, heXyl, 
isoheXyl, cycloheXyl, cycloheXylrnethyl, 3-rnethylpentyl, 
2,2-dirnethylbutyl, and 2,3-dirnethylbutyl. The alkyl group 
can be optionally substituted With one or more rnoieties 
selected from the group consisting of alkyl, halo, haloalkyl, 
hydroXyl, carboXyl, acyl, acyloXy, arnino, arnido, carboXyl 
derivatives, alkylarnino, dialkylarnino, arylarnino, alkoXy, 
aryloXy, nitro, cyano, thiol, irnine, sulfonic acid, sulfate, 
sulfonyl, sulfanyl, sul?nyl, sulfarnonyl, ester, carboXylic 
acid, arnide, phosphonyl, phosphinyl, phosphoryl, phos 
phine, thioester, thioether, acid halide, anhydride, oXirne, 
hydroZine, carbarnate, phosphonic acid, phosphate, phos 
phonate, or any other viable functional group that does not 
inhibit the pharmacological activity of this compound, either 
unprotected, or protected as necessary, as knoWn to those 
skilled in the art, for example, as taught in Greene, et al., 
Protective Groups in Organic Synthesis, John Wiley and 
Sons, Second Edition, 1991, hereby incorporated by refer 
ence. 

[0219] The term loWer alkyl, as used herein, and unless 
otherWise speci?ed, refers to a C1 to C6 saturated straight, 
branched, or if appropriate, a cyclic (for example, cyclopro 
pyl) alkyl group, including both substituted and unsubsti 
tuted forrns. Sorne non-limiting examples include rnethyl, 
(cyclopropyl)rnethyl, (cyclobutyl)rnethyl, (cyclopentyl)rn 
ethyl, ethyl, l-cyclopropyl-ethyl, 2-cyclopropylethyl, 1-cy 
clobutylethyl, 2-cyclobutylethyl, propyl, isopropyl, 1-(cy 
clo-propyl)propyl, 2-(cyclopropyl)propyl, 
3-(cyclopropyl)propyl, cyclopropyl, rnethylcyclopropyl, 
2,2-dirnethylcyclopropyl, 1,2-dirnethylcyclopropyl, ethyl 
cyclopropyl, propylcyclopropyl, 1-ethyl-l-rnethylcyclopro 
pyl, 1-ethyl-2-rnethylcyclopropyl, 1,1,2-trirnethylcyclopro 
pyl, 1,2,3-trirnethylcyclopropyl, butyl, isobutyl, t-butyl, sec 
butyl, 2,2-dirnethylbutyl, 2,3-dirnethylbutyl, cyclobutyl, 
rnethylcyclobutyl, 1,1-dirnethylcyclobutyl, 1,2-dirnethylcy 
clobutyl, 1,3-dirnethylcyclobutyl, ethylcyclobutyl, pentyl, 
isopentyl, neopentyl, 2-rnethylpentyl, 3-rnethylpentyl, 
cyclopentyl, rnethylcyclopentyl, spiropentyl, rnethylspiro 
pentyl, heXyl, isoheXyl and cycloheXyl. 

[0220] The term alkylene refers to a saturated hydrocar 
byldiyl radical of straight or branched con?guration, includ 
ing but not limited to those that have from one to ten carbon 
atoms. Included Within the scope of this term are rnethylene, 
1,2-ethane-diyl, 1,1-ethane-diyl, 1,3-propane-diyl, 1,2-pro 
pane-diyl, 1,3-butane-diyl, 1,4-butane-diyl and the like. 

[0221] The term “protected” as used herein and unless 
otherWise de?ned refers to a group that is added to an 
oXygen, nitrogen, or phosphorus atom to prevent its further 
reaction or for other purposes. AWide variety of oXygen and 
nitrogen protecting groups are knoWn to those skilled in the 
art of organic synthesis. 

[0222] The term acyl refers to a carboXylic acid ester in 
Which the non-carbonyl moiety of the ester group is selected 
from straight, branched, or cyclic alkyl or loWer alkyl, 
alkoxyalkyl including rnethoXyrnethyl, aralkyl including 
benZyl, aryloXyalkyl such as phenoXyrnethyl, aryl including 






































