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METHOD FOR TREATING PRURITUS AND/OR ITCH

CROGS-REFERENCE TO RELATED APPLICATION
[8001] This application claims the benefit under 35 U.5.C. § 119(e) of the filing date
of provisional patent application Serial No. 82/378,435 filed August 23, 2016, the

disclosure of which is incorporated herein by reference in ifs entirety.

FIELD OF THE INVENTION

[0002] The present disclosure relates generally {o treating pruritus and/or itch, to the
use of pyrone-indole compounds in the manufaciure of a medicament useful for
treating pruritus and/or iich, and {o a medicament for use in alleviating itch or pruritus
in a patient suffering from dermatological and non-dermatological conditions leading

to such sympioms.

BACKGROUND OF THE INVENTION

[0603] itch is an uncomfortable sensation on the skin that causes a desire to scratch
(Bauiista, Wilson et al. 2014). Pruritus, defined as a sensation driving the urge (o
scratch, may be acute (<6 weeks) or chronic (>6 weeks) (Lavery, Stull et al. 2018).
This symptom can significantly impair the guality of life and sleep of affected
patients. Moreover the cumulative effect of such disruptions may influence mortality.
The dialysis outcomes and practice patterns (DOPPS) study showed a2 17%
increased mortality risk among pruritic hemodialysis patients, which was attributed in
part to decreased quality of sleep. Pruritus is severe itching of the skin, as a
symptom of various ailmenis. lich can be classified by eticlogy (Chuguilin, Alghalith
et al. 2018). Pruriceptive itch originates from the aclivation of primary afferent nerve
terminals {(e.4., insect bites). Neurogenic iich is caused by central nervous system
injury or activation without the activation of sensory nerve terminals {e.g., renal
disease and kidney failure). Psychogenic itch results from a pure central psychic
processing disorder in the absence of skin pathology or underlying medical disease.
1006041 A myriad of both dermatological and non-dermatological conditions may
cause itch and/or pruritus. In clinical practice, patienis with chronic pruritus from any
cause commonly complain of nocturnal involvement. Noctumal pruritus is common in

patients with chronic itch and negatively affects sleep guality. Lack of sleep can have
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both immediate and long-term effects that lead to medical, social and financial
ramifications. Physicians must be aware of the numerous etiologies of iich and
nocturnal pruritus and deliver freatment with a patient-centered approach. Aptly
tailored management can help alleviate distress and reduce the complications that
result from repetitive scralching.

[0005] Table 1 depicts some of the more common sticlogies of pruritus.

Category Disease
Dermatological Atopic dermatiis
Fsoriasis

Chronic idiopathic urticaria

infestations (scabies, bed bugs, pediculosis, pinworms)
Lichen planus

Lichen simplex chronicus

Prurigo nodularis

Advanced age (senile) pruritus

Brachioradial pruritus

Non-Dermatological Liver disease

Chronic kidney disease

Hematopoietic disorders

Neurological {e.g., brachioradial pruriius)
Psychological {delusional ideations, depression,
schizophrenia, siress)

Substance abuse

Advanced age (senile) pruritus

Restless legs syndrome

[0006] Many patients suffer from nocturnal pruritus, which can decrease quality of life
and affect mortality in hemodialysis patients (Lavery, Stull et al. 2018). Nocturnal
pruritus may occur in all sleep stages but is most prevalent in stages N1 and N2.
Conditions with a high prevailence of nocturnal pruritus include advanced age
{senile) pruritus, atopic dermatitis, prurigo nodularis, psoriasis, brachioradial pruritus

and chronic idiopathic urticaria. Two major dermatological conditions that cause
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nocturmnal pruritus are atopic dermatitis and psoriasis. Afopic dermatitis is a chronic
condition with a prevalence of 7.2% in adults and 10.7% in children in the USA.
Chronic pruritus is one of the most common preseniing complaints in atopic
dermatitis patients with a point prevalence ranging from 87%-100% (Lauffer and
Ring 2018). Clinically, atopic dermatitis manifests as pruritic erythematous lesions
with associated excoriations, lichenification and/or superimposed infection. Psoriasis
is a chronic inflammatory immune-mediated skin disorder. Prevalence varies greatly
by country with a prevalence of 0.91% in the USA and 8.5% in Norway. Activation of
the immune system triggers cylokine cascades involved in the different psoriatic
cutaneous manifestations. Chronic idiopathic urticaria (also called chronic
spontaneocus urticaria) is defined as itchy hives that last for at least 8 weeks, with or
without angioedema, and that have no apparent external trigger. The condition
generally has a prolonged duration of 1 to 5 years {persisting for >5yearsin 11 to
14% of patients) and has a defrimental effect on patients’ emotional and physical
health-related quality of life. The impairment accompanying this disorder has been
likened 1o that seen in palients with ischemic heart disease, with patients feeling a
similar lack of energy, social isolation, and emotional upset as those with heart
disease. (Maurer, Rosen et gl 2013).

108071 lich neurons {pruriceptors) are polymodal and respond to stimulus other than
pruritogens, including heat and capsaicin (Chuquilin, Alghalith et al. 2018). Although
pruriceptive neurons are a subset of nociceptive C-fiber neurons in DRG, recent
progress indicates that there are separate labeled lines for iich and pain in the spinal
cord. The selectivity theory of iich is the most largely accepted theory to explain why
a stimulus is able o cause itch and not pain. Pruriceptors are a subset of
nocicepiors, and this theory posiulates that itch occurs when these selective itch
neurons are activated alone, while the sensation of pain dominates when ich and
pain neurons are activated together. In this manner, inhibition of the ifch pathway
occurs via the nociceptive only neurons.

[0808] Numerous itch mediators {pruritogens) and receptors {pruriceptors} have
heen identified, of which the best undersiood are histamine, proleases, opioids,
substance P, the Mas-related G protein-coupled receptor (Mrgpr) family, and
calcitonin gene-related peplide (CGRP). Circadian rhythms may play a role in
nocturnal pruritus. The hypothalamus-pituitary-adrenal axis is a complex system that

releases corticosteroids through a continuous negative feedback mechanism.
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[0808] Ht-antihistamines are the current mainstay for initial treatment and are the
only agents approved for use in patients with chronic idiopathic urlicarial and
nocturnal pruritus (Furue and Kadono 2015). However, a majority of patients do not
have a response to H1i-antihistamings, even when the drugs are administered at
three to four times their approved doses. Treatment options for patients who do not
have a response to H1i-antihistamines include the use of H2-antihistamines,
leukotriene-recepior antagonists, systemic giucocorticoids, cyciosporing,
hydroxychloroguine, dapsone, methotrexate, sulfasalazine, and intravenous immune
giobulin. Mirtazapine, an atypical antidepressant that antagonizes noradrenergic (a1,
02}, serotonergic (5-HT2, 5-HT3), and histaminergic (H1) receptors, has
demonstrated efficacy in relieving nocturnal itch of varied eliclogy. None of these
agents has vet received regulatory approval for the treatment of itch. In addition, the
data supporting the use of these drugs are limited, and long-term use of some of the
agents can be associated with substantial side effects.

[0818] Transient receptor potential vanilloid type 1 (TRPV1) is a non-selective cation
channe! widely expressed in skin tissues, and peripheral sensory nerve fibers.
Activation of TRPV1 releases neuropeptides; the resulting neurogenic inflammation
is believed o contribute to the development of pruritus. However, in a recent study
topical administration of a TRPY1 antagonist failed to be of symptomatic benefit for
histaminergic or non-histaminergic induced itch in humans (Gibson, Robertson ef al.
2014).

[86011] Smooth muscle cells of cutaneous artericles and artericle-venule shunts
{(AVS) in the skin express scdium channel Nav1.7. Moreover, Nav1.7 is expressed
by endothelial cells lining the arterioles and AVS and by sensory and sympathetic
fibers innervating these vascular elements. (Rice, Albrecht et al. 2015). Recent
studies discovered that the NaV1.7 sodium channel plays a key role in spinal cord
nociceptive and pruriceptive synaptic transmission. These studies reveal that Nav1.7
is a target for itch management and an anti- NaV1.7 antibody has therapeutic
potential for suppressing pain and itch. (Lee, Park et al. 2014).

[0612] There is a need in the field for an effective method and medicament for
treating pruritus and/or itch. Surprisingly, the present inventors have found that
certain pyrone-indole compounds have inhibitory properties at Nav1.7 and TRPV1
channels and may be useful for the treatment of pruritus and itch. Such compounds
are described in U.S. Patent Nos. 7,635,710, 8,242,163 and 8,569,355 and
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International Patent Specification Nos. WO2007/093880A2 and W0O2007/093880A3.
The entire contents of the above-mentioned patents and literature references are
incorporated herein by reference.

SUMMARY OF THE INVENTION

[0013] According to a first aspect, the present invention provides a method for treating
a subject suffering from itch or pruritus, comprising administering to the subject a

composition comprising an effective amount of a compound having the formula:

Ar—B—Ar' ()

wherein:

—B— represents:

—X—Y—Z—,

wherein:

X represents —(CHz)n (wherein n is 0-6);

Y represents oxygen, sulphur, >NH or is absent;

Z represents >C=0, >0 or >COO or is absent; and wherein at least one of X,
Y and Z must be present;

Ar represents an indole nucleus ring system:

Ar' represents an alpha-, beta- or gamma-pyrone nucleus ring system:
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wherein each of R1.4 substitutes the ring system Ar at any available position (including
the N-position) and each of R1-Rz substitutes the ring system Ar' at any available
position and wherein each of Ri4and Ri-2 independently represents hydrogen,
oxygen, halo, halo-C1-s alkyl, aryl, acyl, a Cs-7 heterocyclic group containing 1-3 hetero
atoms independently selected from nitrogen, oxygen or sulphur; a Ces heteroaryl
group containing 1-3 hetero atoms independently selected from nitrogen, oxygen or
sulphur, Cisalkyl, C2-5alkenyl, Czsalkynyl, aryl-C1-salkyl, aryl- Cz5alkenyl, aryl-Ca-
salkynyl, hydroxy-Cisalkyl, nitro, amino, cyano, cyanamide, guanidino, amidino,
acylamido, C1-s alkylamine, C1-5 alkylamido, hydroxy, thiol, acyloxy, azido, C1-s5 alkoxy,
carboxy, carbonylamido or styryl; wherein said arylalkyl, arylalkenyl, aralalkynyl, or
styryl group optionally can be ring-substituted by one to four substituents
independently selected from the group consisting of hydrogen, halo, halo-C1-5 alkyl,
aryl, a Cs.7 heterocyclic group containing 1-3 hetero atoms independently selected
from nitrogen, oxygen and sulphur; a heteroaryl group containing 1-3 hetero atoms
independently selected from nitrogen, oxygen and sulphur; C1-5alkyl, C2-5 alkenyl, Ca-
salkynyl, aryl-Cisalkyl, aryl-Cz-salkenyl, aryl-Cz-salkynyl, hydroxy-Ci-salkyl, nitro,
amino, cyano, cyanamido, guanidino, amidino, acylamido, hydroxy, thiol, acyloxy,

azido, alkoxy, carboxy, carbonylamido, S-alkyl or alkylthiol;
and either of Rs or R4 further can include or represent a bond to B;

wherein Ar is bonded to B at position 3 on the five-membered ring portion of the
Ar ring and Ar' can be bonded to B at any carbon on the Ar' ring not substituted by
R1 and Rz;

or a salt, stereoisomer, or racemic mixture thereof, and
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at least one pharmaceutically acceptable diluent, preservative, antioxidant,

solubilizer, emulsifier, gelling agent, adjuvant or carrier.

[0013a] According to a second aspect, the present invention provides use of a

compound having the formula:
Ar—B—Ar' (n

in the manufacture of a medicament for treating a subject suffering from itch or pruritus,

wherein:
—B— represents:
—X—Y—Z—,
wherein:

X represents —(CHz)n (wherein n is 0-6);
Y represents oxygen, sulphur, >NH or is absent;

Z represents >C=0, >0 or >COQO or is absent; and wherein at least one of X,
Y and Z must be present;

Ar represents an indole nucleus ring system:

Ar' represents an alpha-, beta- or gamma-pyrone nucleus ring system:
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wherein each of R14 substitutes the ring system Ar at any available position (including
the N-position) and each of R1-Rz substitutes the ring system Ar' at any available
position and wherein each of Ri4and Ri-2 independently represents hydrogen,
oxygen, halo, halo-C1-s alkyl, aryl, acyl, a Cs-7 heterocyclic group containing 1-3 hetero
atoms independently selected from nitrogen, oxygen or sulphur; a Ces heteroaryl
group containing 1-3 hetero atoms independently selected from nitrogen, oxygen or
sulphur, Cisalkyl, C2-5alkenyl, Czsalkynyl, aryl-C1-salkyl, aryl- Cz5alkenyl, aryl-Ca-
salkynyl, hydroxy-Cisalkyl, nitro, amino, cyano, cyanamide, guanidino, amidino,
acylamido, C1-s alkylamine, C1-5 alkylamido, hydroxy, thiol, acyloxy, azido, C1-5 alkoxy,
carboxy, carbonylamido or styryl; wherein said arylalkyl, arylalkenyl, aralalkynyl, or
styryl group optionally can be ring-substituted by one to four substituents
independently selected from the group consisting of hydrogen, halo, halo-C1-5 alkyl,
aryl, a Cs.7 heterocyclic group containing 1-3 hetero atoms independently selected
from nitrogen, oxygen and sulphur; a heteroaryl group containing 1-3 hetero atoms
independently selected from nitrogen, oxygen and sulphur; C1-5alkyl, C2-5 alkenyl, Ca-
salkynyl, aryl-Cisalkyl, aryl-Cz-salkenyl, aryl-Cz-salkynyl, hydroxy-Ci-salkyl, nitro,
amino, cyano, cyanamido, guanidino, amidino, acylamido, hydroxy, thiol, acyloxy,

azido, alkoxy, carboxy, carbonylamido, S-alkyl or alkylthiol;
and either of Rs or R4 further can include or represent a bond to B;

wherein Ar is bonded to B at position 3 on the five-membered ring portion of the
Ar ring and Ar' can be bonded to B at any carbon on the Ar' ring not substituted by
R1 and Rz;

or a salt, stereoisomer, or racemic mixture thereof, and wherein the

medicament comprises at least one pharmaceutically acceptable diluent,
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preservative, antioxidant, solubilizer, emulsifier, gelling agent, adjuvant or carrier.

[0013b] The present disclosure provides in one aspect, use of at least one pyrone-
indole compound selected from compounds described in U.S. Patent Nos.
7,635,710, 8,242,163 and 8,569,355 and International Patent Specification Nos.
W0O2007/093880A2 and W0O2007/093880A3, the entire contents of these references
are incorporated herein by reference, in an effective amount, in the manufacture of a
medicament, for treating itch and /or pruritus, in a patient suffering from
dermatological and non-dermatological conditions leading to such symptoms,
wherein the medicament additionally comprises at least one pharmaceutically
acceptable diluent, preservative, antioxidant, solubilizer, emulsifier, adjuvant or
carrier.

[0014] In another aspect, the present disclosure provides a method for treating a
subject suffering from itch and/or pruritus by administering an effective amount of at
least one compound of this disclosure to the subject.

[0015] In still another aspect, the present disclosure provides a medicament for use
in a patient suffering from dermatological and non-dermatological conditions leading
to itch and/or pruritus. The medicament composition contains an effective amount of
at least one compound of this disclosure and at least one additional therapeutic
agent selected from UV protectants, hypnotics, sedatives, analgesics, minor
tranquilizers, and anti-inflammatory drugs, in addition to at least one
pharmaceutically acceptable diluent, preservative, antioxidant, solubilizer, emulsifiers
adjuvant or carrier.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG.1 shows a stimulus voltage pattern used for determining blocking effects
on hNav1.x channels.

DETAILED DESCRIPTION OF THE INVENTION

[0017] In one aspect, the present disclosure includes a method for treating a patient
suffering from itch and/or pruritus by administering an effective amount of a
pharmaceutical composition containing a compound having the formula (1):

Ar-B-Ar' (1)
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wherein:

-B-~ represents:

KN -2~

wherein:

X represents ~(CHyly- (wherein nis 0-8), in which the alkyl moisty is linear or
branched,

Y represents oxygen, sulphur, >NH or is absent;

Zrepresents >C = 0, or =0, or >CO0 or is absent;

wherein at least one of X, Y and Z must be present;

ring sysiem Ar represenis an indole nucleus:

Ry

Rz Rs
N
H R4

ring sysiem Ar represents an alpha-, beta- or gamma-pyrone nucleus:

or

or

By

wherein each of the R4 substitules the ring systems Ar at any available position
{including the N-position) and each of the Ry.» substitutes the ring system Ar at any
available position and wherein each of R4 and Ry independently represents
hydrogen, oxygen, halo, hale-Cy.5 alkyl, aryl, acyl, a Cs.; heterocyclic group

corttaining 1-3 hetero atoms independently selecied from nitrogen, oxygen and
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sulphur; a Ce.s heteroaryl group containing 1-3 hetero atoms independently selected
from nifrogen, oxygen and sulphur, Cqs atkyl, Co.s alkenyl, Cos alkynyl, aryl-Cy.5
alkyl, aryl-Cos alkenyl, arnyl-Cos alkynvl, hydroxy-C 5 alkyl, nitro, amino, cyano,
cyanamido, guanidino, amidino, acylamido, T1.5 alkylamine, Cq.s alkylamido,
hydroxy, thicl, acyloxy, azido, Ci.s alkoxy, carboxy, carbonylamido or styryl; wherein
said arylalkyl, arvlalkenyl, arylalkynyl, or styryl group optionally can be ring-
subsiituted by one to four substituents independently selected from the group
consisting of hydrogen, halo, halo-Cqs alkyl, aryl, a Csy heterocyclic group
comtaining from 1-3 heteroatoms independently selected from nitrogen, oxygen and
sulphur; a heteroaryl group containing from 1-3 hetero atoms independently selected
from nitrogen, oxygen and sulphur; C 1.5 alkyl, Cos alkenyl, Co.s alkynyl, aryl-Cos
atkenyl, aryl-Cs.s alkynyl, hydroxy-Cq.s alkyl, nitro, amine, cyano, cyanamido,
guanidino, amidino, acylamido, hydroxy, thiol, acyioxy, azido, alkoxy, carboxy,
carbonylamido, S-alkyl or alkyithiol, and sither of R; or Ry further can include or
represent a bond to B;

wherein Ar can be bonded {o B at any position on the Ar ring not substituted by Ry
and R; including the N-position, and Ar’ can be bonded 1o B at any carbon on the Arf
ring not substituted by Ry or Ry,

or a pharmaceutically acceptable salt, sterecisomer, or racemic mixture thereof.
[0018] As used herein, "aryl” represents phenyl or naphthyl.

[0018]Also as used herein, reference to "a" compound, sali, sterecisomer, or
racemic mixture of formula (1) is intended to encompass "one or more” such
compounds, salts or steresisomers. Furthermore, reference 1o a "compound” of
formula (1), as in the discussion below of pharmaceutical formulations, is also
intended to include a sall, sterecisomer, or racemic mixiure of the compound.
(8020} in a preferred embodiment, X is -{CHa)—, wherein n is any of -6 and
preferably any of 1-6, Y is >NH or O and Z is >CC.

[0021] Without prejudice to the generalily of the compounds of the present invention,
in a preferred embediment of the compounds defined by formula (i), Xis -{CHz)e, Y
is >NH or >0, Z is >C=0, Aris an indole containing a bond, R; to X at position 3 of
the indole ring, Ry is methoxy on position & of the indole ring, each of Ry and Ry is
hydrogen, Ar' is a gamma-pyrone bonded to Z at position 2 of the pyrone ring, Ry is
hydrogen or a hydroxy group at position 5 of the pyrone ring and Ry is hydrogen or a

carboxy group at position 6 of the gamma pyrone ring, or a pharmaceutically
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acceptable salt, sterecisomer, or racemic mixture thereof. In a second preferred
embodiment, Aris as defined above and Ar' is an alpha-pyrone ring bonded o Z at
position 5 of the alpha-pyrone ring and Ry and Ry are hydrogens, ora
pharmaceutically acceptable salt, sterecisomer, or racemic mixure thereof.

[8022] Suitable pharmaceutically acceptable salts of the compounds of formula (1)
include salts which may, for example, be formed by mixing a solution of the
compound with a solution of a pharmaceutically acceptable acid. Pharmaceutically
acceptable acids include, but are not limited to hydrochloric acid, fumaric acid,
maleic acid, succinic acid, acetic acid, cilric acid, benroic acid, {artaric acid, carbonic
acid, phosphoric acid or sulfuric acid. Salts of amine groups may also comprise the
gquaternary ammonium salts in which the amino nitrogen atom carries an alkyl,
alkenyl, atkynyt or aralkyl group. Where the compound carries an acidic group, for
example a carboxylic acid group, the present invention also contemplates salts
thereof, preferably non-toxic pharmaceutically acceptable salts thereof, such as the
sodium, potassium and calcium salts thereof. Representative pharmaceutically
acceptable salts include, yet are not limited to, acelate, benzenesulfonate, benzoate,
bicarbonate, bisulfale, bitartrate, borate, bromide, calcium edetate, camsylate,
carbonate, chioride, clavulanate, citrate, dihydrochioride, edetate, edisylate, estolate,
esylate, fumarate, glucepltate, gluconate, giutamale, glycollvlarsanilate,
hexylresorcinate, hydrabamine, hydrobromide, hydrochloride, hydroxynaphthoate,
iodide, isothionate, lactate, lactobionate, laurate, malate, maleate, mandelate,
mesylate, methylbromide, methvinitrate, methylsuifate, mucate, napsylate, nitrate, N-
methylglucamine ammonium sall, oleate, pamoate (embonate), palmitate,
pantothenate, phosphate/diphosphate, polygalacturonate, salicylate, stearate,
sulfate, subacetate, succinaie, tannate, tartrate, teociate, tosylate, triethiodide and
valerate.

108231 in some embodiments, the functional groups of the compounds of formuia (i)
useful in the inveniion can be modified {0 enhance the pharmacological utility of the
compeounds. Such modifications are well within the knowledge of a person of
ordinary skill in the art and include, without limitation, esters, amides, ethers, N-
oxides, and pro-drugs of the indicated compound of formula (). Examples of
modifications that can enhance the activity of the compounds of formula {1} include,
for example, esterification such as the formation of Cq to Cs alky! esters, preferably

Cyto Cy alkyl esters, wherein the alkyl group is a straight or branched chain. Other
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acceptable esters include, for example, Cqto C; cycioalkyl esters and arviaikyl esters
such as benzyl esters. Such esters can be prepared from the compounds described
herein using conventional methods well known in the art of organic chemistry.
(0824111t is understood that, in embodiments whears the compounds of formula ()
useful in the invention have at least one chiral center, the compounds can exist as
chemically distinct enantiomers. In addition, where a compound has two or more
chiral centers, the compound can exist as diastereomers. All such isomers and
mixtures thereof are encompassed within the scope of the indicated compounds of
formula (). Similarly, where the compounds possess a structural arrangement that
permits the structure io exist as tautomers, such tautomers are encompassed within
the scope of the indicated compound. Furthermore, in crystalline form, the
compounds may exist as polymorphs; in the presence of a solvent, a compound may
form a solvate, for example, with water or a common organic solvent. Such
polymorphs, hydrates and other solvales aiso are encompassed within the scope of
the invention as defined herein.

[0825] in one embodiment, the present disclosure includes a cream formulation for
topical application comprising shea butter, coconut oil, and a therapeutically effective
amount of a pyrone-indole derivative. The cream formulation may include N-[2-(1H-
indol-3-vii-ethyil-comanilamide. The concentration of the N-[2-(1H-indol-3-yh-ethyil-
comanilamide may be, e.g.,1-10%, 2-8%, 3-5%, or 3%.

[0026] A pharmaceutical compaosition useful in the methods of the invention can be
administered to a subject by a variety of means depending, for exampie, on the type
of pain © be treated, the compound to be included in the composition, and the
history, risk factors and symptoms of the subject. The compounds of the invention
may be administered by oral, parenteral {e.g., intramuscular, intraperitoneal,
intravencous of subcutaneous injection, or implant), intrapulmonary (e.¢., by
inhalation), nasal, rectal, ransbuccal, transdermal, or topical routes of
administration. The compounds may also be administered by elecirophoresis;
topically in any acceptable form such as in drops, creams, gels or ointments; and by
minipump or other implanted prolonged release device or formulation.  “Prolonged
release” refers {o release of an aclive agent from a dosage form at a rate effective to
achieve a therapeutic amount of the agent, or active metabolite thereof, locally orin
the systemic blood circulation over a prolonged period of time. Release of the agent

occurs over an exiended period of hours, for example, over a period of al least 6
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hours, over a period of at least 8 hours, over a pericd of at least 12 hours, or over a
period of at least 24 hours. lt is understood that different means of drug delivery can
be combined in a method of the invention. As an exampile, intfravenous
adminisiration on a first day can be combined with oral or topical dosing on a second
and/or third day.

[0027] The term "subject” or “patient” as used hearein, refers to a vertebrate, including
but not limited 1o fish (such as commercially farmed fish, pet fish, eic.), amphibians
{such as frogs, toads, pet amphibians, efc.), reptiles (such as snakes, lizards, turtles,
pet reptiles, elc.), birds (such as chickens, turkeys, pet birds, etc)) and mammals
{such as mice, rats, hamsters, rabbils, pigs, dogs, cals, horses, cows, sheep, goats,
non-human primates, non-human mammals, pet non-human mammails, humans,
gic.). In certain embodiments, the subject or patient is a mammal. In certain
embodiments, the subject or patient is a mouse, a rat, a hamster, a rabbit, a pig, a
dog, a cat, a horse, a cow, a sheep, a goat, a non-human primate, or a human
{which may be included in embodiments of the invention individually or in any
combination). In certain embodiments, the subject or patient is a human. In certain
embodiments, the subject or patient is a non-human mammal.

[8028] Solid dosage forms for oral administration include capsules, tablets, pills,
powders and granules. In such solid dosage forms, the active compound is admixed
with at least one inert pharmaceutically acceptable carrier such as sucrose, lactose,
or starch. Such dosage forms can also comprise, as is normal practice, additional
subistances other than inert diluents, e.g., lubricating agents such as magnesium
stearate. llustrative of the adjuvants which may be incorporated in tablets, capsules
and the like are the following: a binder such as gum tragacanth, acacia, corn starch
or gelating an excipient such as microcrysialline cellulose; a disintegrating agent such
as com starch, pregelatinized starch, alginic acid and the like; a lubricant such as
magnesium stearale; a sweelening agent such as sucrose, lactose or saccharin, a
flavoring agent such as peppermint, oil of wintergreen or cherry. in the case of
capsules, tablets and pills, the dosage forms may also comprise buffering agents.
When the dosage unit form is a capsule, it may contain, in addition to materials of
the above type, a liquid carrier such as a fatty oll. Various other materials can be
present as coalings or to otherwise modify the physical form of the dosage unit.
Tablets and pills can additionally be prepared with enteric coatings and tablets may

be coated with shellac, sugar or both.
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[0628] Liquid dosage forms for oral administration include pharmaceutically
acceptable emulsions, solutions, suspensions, syrups and elixirs containing inert
diluents commonly used in the art, such as water. Besides such inert diluents,
compositions can also include adjuvants, such as wetling agents, emulsifying and
suspending agents, and sweetening, flavoring, and perfuming agents. A syrup or
elixir may contain the active compound, sucrose as a sweeiening agent, methyl and
propyl parabens as preservatives, a dye and a flavoring such as cherry or orange
flavor.

[0830] Freparations according 1o this invention for parenteral administration include
sterile agueous or non-aqueous solutions, suspensions, or emulsions. Sterile
compositions for injection can be formulated according to conventional
pharmaceutical practice by dissolving or suspending the active substancein a
vehicle such as water for injection, a naturally occurring vegetable oil like sesame oil,
coconut oil, peanut oil, cotionseed oil, eic., or a synthetic fatly vehicle like ethyl
oleate or the like. Buffers, preservatives, antioxidanis and the like may be
incorporated as required. Examples of non-aqueous solvents or vehicles are
propylene glycol, polyethylene glycol, vegetable oils, such as olive ¢il and com oil,
gelatin, and injectable organic esters such as ethyl oleate. Such dosage forms may
also contain adjuvanis such as preserving, wetling, emulsifying, and dispersing
agents. They may be sterilized by, for example, filtration through a bacteria-retaining
filter, by incorporating sterilizing agents into the compositions, by irradiating the
compaositions, or by heating the compositions. They can also be manufactured in the
form of sterile solid compositions that can be dissolved in sterile water, or some
other sterile injectable medium immediately before use.

[0031] The dosage of active agent in compositions of this disclosure can vary,
provided that a therapeutic amount is administered. Such therapsutic amount
generally is the minimum dose nacessary to achieve the desired therapeutic effect,
which can be, for example, that amount roughly necessary 10 reduce the itching to
tolerable levels. Desirably the active agent is administered to a patient (human or
animal) in need of such treatment in dosages that will provide optimal
pharmaceutical efficacy. The selected dosage depends upon the nature and
severity of the disease or disorder 1o be ireaied, desired therapeutic effect, the route
of administration, and the duration of treatment. The dose will vary from patient to

patient depending on the nature and severity of the disease, the patient’s weight,
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special diets then being followed by the patient, concurrent medication, the
biocavailability of the compound upon administration and other factors which those
skilled in the art will recognize. Therapeutic doses are generally in the range of 0.1-
1000 my/day and can be, for example, in the range of 0.1-500 mg/day, 0.5-500
mg/day, 0.5-100 mg/day, 0.5-50 mg/day, 0.5-20 mg/day, 0.5-10 mg/day or 0.5-5
mag/day, with the actual amount to be administered determined by a physician taking
into account the relevant circumstances including the severity of the iiching, the age
and weight of the patient, the patient's general physical condition, the cause of
itching and the route of administration. In some embodiments, the therapeutically
effective amount comprises a dosage of 0.10 mg, 8.15 myg, 0.20 mg, 0.25 mg, 0.5
mg, 0.75 mg, 1 mg, 2mg, 2.5 mg, 3 mg, 4 mg, 5mg, 8 mg, 7 mg, 8mg, 9mg, 10
mg, 15 mg, 20 mg, 25 myg, or 30 mg one or more fimes a day.  As a non-limiting
example, the compounds of the present invention may be administered by repeated
dosing or continuous dosing over a period of at least three days, or for example, over
three days, four days, five days, six days, seven days, eight days, nine days or ten
days. As a further example, the compounds can be administered multiple times a
day, such as twice per day, three times per day, four times per day or more.

(0832} In some embodiments, the dose of the compound is sufficient to reduce ifch
and/or pruritus by at least 30%. In other embodiments, itch and/or pruritus are
reduced by at least 40%, 50%, 60%, 70%, 80%, 90%, or 100%.

[0033] A pharmaceutical composition useful in the invention includes the active
compound {i.e. a compound of formula (1)) and further can include, If desired, an
excipient such as a pharmaceutically acceptable carrier or a diluent, which is any
carrier or diluent that has substantially no long term or permanent detrimental effect
when administered (o a subject. Such an excipient generally is mixed with active
compound, or permitted to dilute or enclose the aclive compound. A carriercan be a
solid, semi-solid, or liquid agent that acts as an excipient or vehicle for the active
compound. Examples of pharmaceutically acceptable carriers and diluents include,
without imitation, water, such as distilled or deionized water; saline; and other
aquecus media. it is undersicod that the active ingredients can be soluble or can be
delivered as a suspension in the desired carrier or diluent.

[0034]in certain embodiments, a pharmaceutical formulation for use according to the

present disclosure is characterized by at least one of the foliowing features:
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I itis adapted to be administered by oral, parenteral (e.¢., intframuscular,
intraperitoneal, intravenous or subcutaneous injection, or implant),
intrapulmonary {e.g., by inhalation}, nasal, rectal, transbuccal, transdermal, or
topical routes of administration and can be formulated in dosage forms
appropriate for each route of administration;

ii. itis in unit dosage form, each unit dosage in an effective amount;

iii. itis a prolonged release formulation.
iv. itis in a depot form which will release the compound slowly in the body, over a
preselected time period;

v. itis an ointment, cream, foam or spray intended for topicai use;

vi. it opticnally includes at least one additional therapeutic agent selected from UV

protectants, analgesics, minor tranguilizers, and anti- inflammatory drugs.

[0835] The present disclosure includes a composition containing at least one
compound in an amount effective in freating itch and/or pruritus in a patient suffering
from dermatological and non-dermatological conditions leading to such symptoms
and at least one pharmaceutically acceptable diluent, preservative, antioxidant,
solubilizer, emulsifiers adjuvant or carrier. More preferably, the composition is further
characterized by at least ong of the features (1), (i}, (i), {(iv) {v) and (vi}, set forth
above.
[0836] in the composition with which the present invention is concerned, the
pharmaceutically acceptable diluents, preservatives, solubilizers, emulsifiers,
adjuvants and carriers are those acceptable for pharmaceutical formulations. The
pharmaceutical composition can include, if desired, one or more agents such as
emulsifying agents, wetling agents, sweetening or flavoring agents, tonicity
adjusters, preservaiives, buffers or anli-oxidants. Tonicity adjustors usefulin a
pharmaceutical composition include salts such as sodium chioride, potassium
chioride, mannitol or glycerin and other pharmaceutically acceptable tonicity
adjustors. Preservatives useful in the pharmaceutical compositions of the invention
inciude, without limitation, benzalkonium chioride, chiorobutane!, thimerosal,
phenylmercuric acelate, and phenyimercuric nitrate. Various buffers and means for
adjusting pH can be used to prepare a pharmaceutical composition, including, but
not limited to, acetate buffers, citrate buffers, phosphate buffers and borate buffers.
Similarly, anti-oxidants useful in the pharmaceutical compositions of the invention

are well known in the art and include, for example, sodium metabisulfile, sodium
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thiosuifate, acetylcysteine, butylated hydroxyaniscle and bulylated hydroxytoluens. it
is understood that these and other subsiances known in the art of pharmacology can
be included in a pharmaceutical composition useful in the invention.

[0837] For oral administration, the medicament may be utilized as 8.g. tablets,
capsuies, emulsions, solutions, syrups or suspensions. For parenteral
administration, the medicament may be utilized in the form of ampoules, or otherwise
as suspensions, solulions or emulsions in aqueous or oily vehicles or paich. For
ectopic use (topical administration)} the medicament may be ulilized in the form of
ointment, cream, gel, foam, sclution, aerosol or spray. The medicament may be
water-based {(agueous) or organic-based. The need for suspending, stabilizing
and/or dispersing agents will of course take account of the fact of the solubility or
otherwise of the active compounds, in the vehicles which are used in particular
embodiments. The medicament may additionally contain e.g. physiclogically
compatibie preservatives and antioxidants. The medicament may also be utllized as
suppositories with conventional suppository bases such as cocoa butter or other
glycerides.

[0038] As described above, the present disclosure includes co-administering the
compounds described above at least one compound selected from such compounds
described in US Patent Nos. US 7835710, US 8242183 and US 8588355 and
International Patent Specification No. WO0O2007093880A2 and WQO2007093880A3,
may be administered in conjunction with {(i.e. simultaneously, separately or
sequentially) other compounds which are known in the art to be useful for protecting
the skin and for alleviating itch by reducing anxisty, improving sleep and reducing
pain, including e.g., at least one additional therapeutic agent selected from hypnotics
{benzodiazepines as well as non- benzodiazepines and melatonin agonists),
sedatives, analgesics, minor tranquilizers, and anti-inflammatory drugs. Examples of
such additional therapeutic agents are brotizelam, buspirone, diazepam,
diphenhydramine, doxepin, fluvoxamine, clonidine, zolpidem, zopicione, Melatonin,
UV protectants (p-amincbenzoic acid, menthyl anthranilate, octyl methoxycinnamate,
titanium dioxide, etc.) and pharmaceutically acceptable salts and combinations
theraof,

[0038] The additional therapeutic agent may be e.g., an anti-inflammatory
corticosteroid, such as dexamethasone or melatoninergic agents, at least onse

compound selected from melatonin, other melatonergic agents, melatonin agonists
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and/or antagonists, may be administered in conjunction with the use of physical
methods such as with light therapy or elecirical stimuiation, &.g. scheduling bright
light administration, ordinary-intensity light exposure, or exposure to dim-light or
darkness.

10840711 is understood that the instant disclosure encompasses compounds which
inhibit, inter alia, channels involved in iich response. itis further understood that the
instant disclosure encompasses compounds which are either selective or non-
selective for such channsels. In some embodiments, the compounds of the invention
are highly selective for a channel involved in ilch response, and are characterized as
having a poiency of less than 300nM, 800nM, 700 nM, 800 nM, 500 nM, 400 nM,
3060 nM, 200 nM, 100 nM, 50 nM, 10 nM or 1 nM.

10841] The present invention also provides a method of screening for effective
agents that reduce iiching, comprising identifying a compound believed {o have
having anti-itch aciivity, contacting the compound with a receptor involved in the itch
response, and determining whether the compound has anti-itch activity.

[0642] Many modifications and variations of this invention can be made without
departing from its spirit and scope, as will be apparent to those skilled in the art. The
specific embodiments described herein are offered by way of example only, and the
invention is {0 be limited only by the terms of the appended claims, along with the full
scope of equivalents to which such claims are entitled. All patents and publications
cited herein are incorporated by reference.

[0843] The invention will be illustrated by the following Examples.
EXAMPLES
Exampie 1

[0044] Synthesis of N-[2-(1H-indol-3-yl)-ethyll-comanilamide
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[0045] Reaction Scheme for the Synthesis of N-[2-(1H-~indol-3-yl}-ethyl}-

comanilamide

¥

a: DME, Py, TEA, DCC, NHS

General Procedure for the Synthesis of N-[2-(1H-indol-3-yl)-ethyi]-comanilamide
(08481 In a four necked round bettom flask (100 mb), tryptamine (0.85 g, 5.3 mmol}}
was dissolved in DME (40 mb) and Py (0.8 mL) was added. The mixture was stirred
30 minutes at room temperature then comanic acid (0.68 g, 4.8 mmol) was added,
followed by NHS (0.61 g, 5.3 mmol), DCC (1.1 g, 5.3 mmob), TEA (3.7 mL, 56.1
mmol}; the mixture was stirred overnight, then checked by LC-MS. The brown
suspension was filtered on a gooch, washing the solid with water (100 mL). The
aqueocus phase was extracted with CHoCly (3X100 mL), washed with brine (2x10
mi}, dried over MgS0y, filtered and evaporated under reduced pressure. The
obtained sticky solid was suspended and stirred in MTBE (20 mbL) for 30 minutes.
The solid was filtered and washed with CH2Cl, to give 0.48 g (4.8 mmol, vield 36%)
of product (1) as a light brown solid (LC-MS assay >85%;).

[0047] Experimental data for N-[2-(1H-indol-3-yl}-ethyll-comanilamide
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MS: m/z = 283 [M+H}+

TLC: (Cy/EIOAC 118) Rf= 0.3

FTIR (cm-1): 3330, 2925, 2851, 2353, 2116, 1240, 937, 741,

1H NMR (DMSO): 2.91 (m, 2H); 3.55 (m, 3H); 6.42 (m, 1H); 6.79 (m, 1H); 6.99 (m,
1H); 7.07 (m, 1H); 7.19 (m, 1H); 7.34 (m, 1H); 7.58 (m, 1H); 8.21 (m, 1H); 9.05 (m,
1H): 10.83 (bs, 1H).

Example 2

[0048] Synthesis of N-[2-(5-methoxy-indol-3-yh)-ethyil-comanilamide

[0048] Reaction Scheme for the Synthesis of N-[2-(5-methoxy-indol-3-yi}-aethyi]-

cormanilamide
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[0050] General Procedure for the Synthesis of N-[2-(&-methoxy-indol-3-yi)-ethyl}-

comanilamide

Under an argon atmosphere, a 100 mi three-necked flask round-bottom flask was
charged with comanic acid (500 mg, 1 equiv.} and 5-methoxyiryptamine (780 myg, 1.1
equiv.), dissolved in DMF (25 mi), and brought to 0° C by means of an ice-bath.
HOBt (1-hydroxybenxotriazole monochydrate, 530 mg, 1.1 equiv.}, EDC (1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochioride, 750 mg, 1.1 equiv.) and
triethyiamine (1.25 mi, 2.5 equiv.} were then added under magnetic stirring. The
mixture was stirred for an additional 15 minutes at 0° C and subsequently allowed {o
react for 6 h at room temperature. The reaction course was followed by HPLC-MS.
Water (50 mi) was then added and the mixture was extracted with dichloromethane
(3x50 mi). The combined organic phases were dried over Na,S0, and the solvent
was removed by rotary evaporation. The crude was then chromatographed cver a
silica gel column by eluting with dichloromethane/methanol 85/5. The product was

recoverad as a bright yellow solid (235 myg, vield 21%).
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[0851] Dxperimental data for N-[2-(5-methoxy-indol-3-yh)-ethyll-comanilamide
MS (ESH POS): 313 (M+H), 330 (M+H20), 335 (M+Na), 376 (M+Na+CH3CN)

HPLC assay: 88%

1H NMR (DMSO-d6, 400 MHz) 5 2.88-2.92 (m, 2H, CH2CH2ZNH), 3.48-3.53 (m, 2H,
CH2CH2ZNH), 3.75 (5, 3H, OCH3), 6.42 (dd, J1=2.3 Hz, J2=5.9 Hz, 1H, CH=CH),
8.71(dd, J1=2.1 Hz, J2=8.8 Hz, 1H, aromatic H), 8.78 (d, J=2.3 Hz, 1H, aromatic H),
7.04 (d, J=2.3 Hz, 1H, CH), 7.13 (d, J=2.1 Hz, 1H, aromatic H), 7.22 (d, J=8.8 Hz,
1H, aromatic H), 8.21 (d, J=5.9 Hz, 1H, CH=CH—CO), 9.04 (br t, J=5.8 Hz, 1H,
CH2CH2NH), 10.65 (br s, 1H, NH).

Exampie 3

[0052] Synthesis of 2-methyl-4-oxo-4H-pyran-3-yi [2-(5-methoxy-1H-indol-3-
vhethyllcarbamate:

[0053] Reaction Scheme for the Synthesis of Z-methyl-4-oxe-4H-pyran-3-yi [2-(5-
methoxy-1H-indol-3-yhethyllcarbamate

NH, 0
a NH
.ot Oyt
v N
: 1

a: triethylamine, triphosgene, CH:Cl,, 2h at 10°C.
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1: 2-methyl-4-oxo-4H-pyran-3-yl [2-(5-methoxy-1H-indol-3-yhethyllcarbamate
[0054] To a suspension of S-methoxytryptamine hydrochloride (1g, 0.0044mol) in
CH:Cl (7mi) tristhylamine (1.8mi, €.0132mol) was added and the mixture stirred for
30" at room temperature. After the addition of maltol {(0.5¢, 0.0044mol) the reaction
mixiure was cooled in an ice-water bath then triphosgene {0.4g, 0.0015mol} in
CH,Cl, (1mi) was added, keeping the temperature below 10°C, and stirred for 2 h at
the same temperaiure. The mixiure was evaporated under reduced pressure o give
an cily residue that was purified by flash chromatography (E1OAc-Cy, 80:20 to
ETOAc 100} giving 500mg of pale-yeilow solid. This solid was purified by a second
flash chromatography (VersaPak C18, Spherical, 23x53mm, HyO-MeOH, 6.4)
vielding 220mg of white foam that was washed with MTBE to give 180mg of 1 as a

white solid.

Ri: 0,11 (EtOAc-Cy, 8:2); 0,47 (reversed phase; MeOH-H.0, 6:4)

HPLC: ir= 5.5 Assay > 95%

MS (ESI+) m/z=343 [M+H]+

FTIR {cm-1): 3855; 3751; 3328; 2938; 2270; 1735, 1656, 1578, 1526, 1485, 1438;
1364; 1236; 1183; 1072; 1034, 923; 834; 798; 637, 566; 432.

TH-NMR(CDCI3): 2.25 (s, 3H), 3.01 (1, 2H), 3.57 (g, 2H), 3.86 (s, 3H), 5.29 (1, 1H),
6.39 (d, 1H), 6.85-6.88 (m, TH), 7.05 (d, 1H), 7.13 (d, 1H), 7.26 (d, 1H), 7.85 (d, 1H),
8.05 (bs, 1H).

Exampie 4

[0055] Formalin injected in the nape of the neck was previously reporied to elicit
significant hindlimb scratching in rats and mice, and formalin as well as prurifogens
glicited enhanced scratching in mice lacking a population of inhibitory spinal
interneurons, suggesting that formalin-evoked nocifensive behavior may reflect itch
rather than, or in addition to, pain (Akiyama, Carstens et al. 2010). The anti-pruritus
activity of pyrone-indole compounds were assessed using this model.

[0858] Method. The noxicus stimulus is an injection of dilute formalin under the skin
of the dorsal surface of the right hindpaw. The response is the amount of time the
animals spend licking the injected paw 5-10 minutes (early phase), or 20-30 minuies

{late phase) after the injection of formalin. Mice (N=8 per group) were injected
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intraperitoneally with test compound (100 mg/kg), or morphine (4 mgikg), or vehicle. Thirty
minutes later, formalin (20 pl 2.5 % in water) was injected by the subplantar route into the right
hindpaw. Hindpaw licking time was recorded in consecutive 5 minute-intervals during the first

10 minutes (early phase), and from 15 to 35 minutes (late phase) after formalin injection.

[0057] Results. The compound N-[2-(1H-indol-3-yl)-ethyl]-comanilamide resulted in inhibition
of the licking response by 57% in the early and 90% in the late phase, both statistically different
from vehicle response. The compound N-[2-(5-methoxy-indol-3-yl)-ethyl]-comanilamide
resulted in inhibition of the licking response by 38% in the early and 62% in the late phase, both
statistically different from vehicle response. The compound 2-methyl-4-oxo-4H-pyran-3-yl [2-
(5-methoxy-1H-indol-3-yl)ethyl]carbamate resulted in inhibition of the licking response by 54%

in the early and 86% in the late phase, both statistically different from vehicle response.

[0058] Conclusions. These results show beneficial effects of N-[2-(1H-indol-3-yl)-ethyl]-
comanilamide, N-[2-(5-methoxy-indol-3-yl)-ethyl]-comanilamide and 2-methyl-4-ox0-4H-
pyran-3-yl [2-(5-methoxy-1H-indol-3-yl)ethyl]carbamate on itch induced by formalin injection
in the mouse. N-[2-(1H-indol-3-yl)-ethyl]-comanilamide has potential anti-itching effects in

pruritus.

Example 5

[0059] Effects of N-[2-(1H-indol-3-yl)-ethyl]-comanilamide, N-[2-(5-methoxy-indol-3-yl)-
ethyl]-comanilamide and 2-methyl-4-oxo0-4H-pyran-3-yl [2-(5-methoxy-1H-indol-3-

yDethyl]carbamate on Nav1.x Channels Expressed in Mammalian Cells

[0060] Method. A block of hNav1.x channels was measured using the stimulus voltage pattern
shown in FIG. 1; voltage potentials are indicated in Table 2, below. The pulse pattern repeated
twice: before and 5 minutes after N-[2-(1H-indol-3-yl)-ethyl]-comanilamide, N-[2-(5-methoxy-
indol-3-yl)-ethyl]-comanilamide and 2-methyl-4-oxo-4H-pyran-3-yl[2-(5-methoxy-1H-indol-3-
yl)ethyl]carbamate addition and peak current amplitudes at 3 test pulses was measured (ITP1

and ITP2).
[0061] Results. N-[2-(1H-indol-3-yl)-ethyl]-comanilamide, N-[2-(5-methoxy-indol-3-yl)-ethyl]-

comanilamide and 2-methyl-4-oxo-4H-pyran-3-yl[2-(5-methoxy-1H-indol-3- yl)ethyl]carbamate
blocking effects on hNav1.x channels (Table 3) showing

AH26(22366444 2):GCC
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preferential inhibition of Nav1.7 channels by N-[2-(1H-indol-3-yh-ethyl}-

comanilamide.

[0062] Conclusions. These results show inhibition of Nav1.7 channels that mediate

itch response using the compounds of this disclosure.

Table 2

Voltage-protocol parameters for hNavl.x channels

Holding | 200-ms | 1800-ms | 200-ms 5?;25
Channel Potential | L o T ulse Test Inter Pulse 2
Potential Puise 1 Puise .
(mV) Potential
{mV) {mV) {mV) (mV)
Navi.1-1.7 -80 =120 -6
Nav1.8/betal -80 -120 20 -GG 20
Table 3
Test Article | Type of IC50, mM
D the block
Nav1., | Navi. | Navl. | Navi. | Navi. | Nav1, | Navl. | Nav1.8
1 2 3 4 5 8 7 /b3
N-[2-(1H- Tonic >100 | >100 { =100 | >100 |[>100 |>100 |>100 | =100
indol-3-yi)-
ethyil-
; : Inactivate
comanitamid 760 |476 |587 |>100 |786 |941 |183 |94.1
e d State
Test Article | Type of IC80, mM
D the block
Nav1. | Nav1. | Navt. | Nav1. | Navl. | Navi. | Navi. | Nav1.8/b
1 2 3 4 5 &) 7 3
N-[2-(5- Tonic =100 | >100 | =100 | =100 | >100 =100 {=>100 {>100
methoxy- inactivate
. 71.6 87.0 {=100
indol-3-yl)- | d State
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ethyl}-
comanilami
de

Test Article ID | Type of | IC50, mM
the block
Navi. | Nav1. | Navi. | Nav1. | Nav1. | Navi. | Navt. | Navl.
1 2 3 4 5 8 7 8/b3
2-methyl-4- Tonic >100 | >100 {>100 | >100 | >100 | >100 | >100 | >100
oxo-4H-pyran-
3-vl [2-(5-
methoxy-1H- | inactivat
. >100 133.2 { 100
indoi-3- ed State
vhethyllcarbam
ate
Exampie 6

[0063] Effect of N-[2-(1H-indol-3-yh-ethyil-comanilamide, N-[2-(5-methoxy-indol-3-yi)-
ethvil-comanilamide and 2-methyl-4-oxo-4H-pyran-3-vi [2-(5-methoxy-1H-indol-3-
vhiethyllcarbamate on TRPY1 channels.

[0064] Method. The ability of N-[2-(1H-indol-3-yl}-ethyl}-comanilamide, N-[2-(5-
methoxy-indol-3-viy-ethyil-comanilamide and 2-methyl-4-oxo-4H-pyran-3-yi [2-(5-
methoxy-1H-indol-3-yhethyllcarbamate to act as antagonists of TRPYV1 was
evaluated with a calcium influx assay. The signal elicited in the presence of the
positive control agonist (G.1 uM capsaicin) was set to 100% and the signal in the
presence of the antagonist (0.1 uM capsaicin + 3uM ruthenium red} was set to (.
Values were considered significant if the test article mean was three or more
standard deviations away from the positive control agonist mean {i.e., greater than
37.74% inhibition).

[0865] Results. N-[2-(1H-indol-3-yh-ethyl}-comanilamide, N-[2-(5-methoxy-indol-3-yi}-
gthyil-comanilamide and 2-methyl-4-oxo-4H-pyran-3-yi [2-(5-methoxy-1H-indol-3-
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vhethyllcarbamate (10 uM) had a significant inhibitory effect (i.e. 237.74% inhibition)
on TRPV1 mediated calcium influx (Table 2).

Test Article Testconc | Normalized | SD | Normalized | 5D
{uvh % Activation % inhibition
N-[2-(1H- 0.1 23.07 466 | 2.88 25.02
indol-3-yl)- 0.5 11.93 179 | 2.44 7.90
ethyi}- 1 10.51 861 {3112 1.89
comanilamide | 5 8.71 8.00 | 26.08 10.09
10 10.13 105 |37.74 557

Test Article Testconc | Normalized | 8D | Normalized | SD
(L) % Activation % inhibition
N-[2-{5- 0.1 18.12 4.10 | 15.21 17.68
methoxy- 0.5 11.95 1.38 | 1.19 3.84
indol-3-yl)- 1 14.04 4.20 {3838 4.82
ethyil- 5 12.92 5.88 | 3539 747
comanilamide 1o 13.67 152 | 42.59 539
Test Article Test Normalized | SD | Normalized | SD
cone Y% % inhibition
(V) Activation
2-methyl-4-oxo- 0.1 12.65 535 |-1.78 10.57
4H-pyran-3-yl [2- 105 9.58 3.568 | 23.56 5.32
(5-methoxy-1H- 1 12.18 8.56 | 45.10 8.63
indoi-3- 5 575 2.03 | 4460 513
yiethyljcarbamate "1g 12.26 0.81 | 41.46 6.61

[00686] Conclusions. The compounds of the invention are able to inhibit TRFV1
channels that are involved in itch response.

Example 7
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[0867] Preparation of a topical N-[2-(1H-indol-3-yh)-athyll-comanilamide cream.
[0068]A cream formuiation for topical application of N-[2-(1H-indol-3-yi}-ethyl]-
comanilamide was prepared by heating 50g shea butter, 50g coconut oil in a mason
jar until the cils melt and added 3g (3%) N-[2-(1H-indol-3-yl}-ethyl}-comanilamide
until it is dissolved in the oils. The cream was cooled and subsequently whipped on

high speed mixer for several minutes for softer texture.

Exampie 8
[0868] Anslgesic/Anti-pruriius Effects in Humans

[0070] The anti-pruritus effect of N-[2-(1H-indol-3-yh-ethvll-comanilamide was tested
using the UVB sunbum model (R. Rolke et al. (2008}, Quaniitative sensory testing in
the German Research Network on neuropathic pain (DFNS): standardized protocol
and reference values, Pain, 123, 231-243) used as an art-accepled surrogate moded
of itch {(Andersen et al., Acla Derm Venereol 2015, 95(7).771-7. Human surrogaie
models of histaminergic and non-histaminergic itch.).

[0871] Twenty four young male subjects (18 - N-[2-(1H-indol-3-yi}-sthyl]-
comanilamide in escalated doses (300mg-900mg) and § in the placebo group), were
exposed to three times the minimal erythema dose (MED) of UVB light on an
approximately 4 x 4 cm area on the upper part of the leg in the morning of Day (-1)
pre-dose on Day 1 and 2.5 hours post — dose on the UVB-irradiated area.

[067 2] UVE irradiation causes skin inflammation which is noxious and elicits
pronounced inflammation related temperature and mechanical hyperalgesia at the
UVB-irradiated site. This hyperalgesia peaks at about 20-24 hours post irradiation
after which it slowly subsides. Quantitative sensory testing (QST) assesses

characteristic sensory patterns in pain and pruritus models.

[0673] The UVE iradiated skin was obtained by irradiating the marked area
{(approximately 4 x 4 cm) of the skin of the upper part of the right leg by three times
the MED as determined during the screening. This was done approximately 20 hours

prior to dosing.

[0074] Cold pain thresholds (CPT) were determined. The mean threshold

temperature of five consecutive measurements was calculated. All thresholds were
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abtained with ramped stimuli (1 C/s) that were terminated when the subject pressed

a button.

[0675] Mechanical detection threshold (MDT) to von Frey hairs was assessed by
using a standardized set of modified von Frey hairs (Optihair, Marstock Nerviest,
Marburg, Germany) exerting forces between 0.25 and 512 mN (rounded tip, 0.5 mm
in diameter). Thresholds were determined by the method of limits with the geometric

mean of a series of b ascending and descending stimulus intensilies.

[0078] The resulis were as follows:

Cold pain thresholds levels, pre and post sunburn and 2.5h post N-[2-{1H-
indol-3-yi}-ethvij-comanilamide administration.

CPT (°C) Pre Post 2.5h Post
sunbum sunburn Drug
Administration
800mg 5.55 16.03 12.75
Placebo 13.54 16.85 15.28

Change from baseline of MDT (feel sensation) (mN) post sunburn and 2.5h
post N-[2-(1H-indol-3-yi}-ethyl]-comanilamide administration.

MOT feel 300mg 600myg 900myg Placebo
sensation
(i)

Fost sunburm
~ Change
from
Baseline -10.92 -3.52 -7.24 -11.57
2.5h post
Drug
administration
- Change
from
Baseline -12.13 -0.017 0.84 -8.57

*Baseline - Day (-1) before the sunbum.

[0077]) Conclusions. These results clearly demonstrated the analgesic/anti-pruritus
effects of N-[2-(1H-indol-3-yh-ethvil-comanilamide in human testing, with a peak

response at 2.5h post dosing.
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[0878] Various embodiments of the invention comprise:

(007911, A method for treating a subject suffering from itch or pruritus, comprising
adminisiering o the subject a composition comprising an effeclive amount of a
compound having the formula

Ar—B—Ar" ]

wherein:

—B— represents:

e G C e

wherein:

X represents —(CHa), (wherein n is 0-8);

Y represents oxygen, sulphur, >NH or is absent;

Z represents >C=0, >0 or >CO0 or is absent; and wherein at least one of X, Y and
Z must be present;

Ar represents an indole nucleus ring system:
B Y

? B
TR
|

y
B,

wherein each of Ry, substitutes the ring system Ar at any available position
(inciuding the N-position) and each of R~-Ry substitutes the ring system Ar at any
available position and wherein each of Ry.; and Ry independently represents
hydrogen, oxygen, halo, halo-C.s alkyl, aryl, acyl, a Cs.7 heterocyclic group
containing 1-3 hetero atoms independently selected from nitrogen, oxygen or
sulphur; a Ce.g heteroaryl group containing 1-3 hetero atoms independently selected
from nitrogen, oxygen or sulphur, Cq alkyl, Cos alkenyl, Cas alkynyl, aryl- Cqs alkyl,
aryl- Cos alkenyl, aryl-C s alkynyl, hydroxy-Cq.s alkyl, nitro, amino, cyane, cyanamide,
guanidine, amidino, acylamide, Cy alkylamine, Cq.s alkylamido, hydroxy, thiol,
acyloxy, azido, Cqs alkoxy, carboxy, carbonylamido or styryl; wherein said arylalkyi,
arviatkeny!, aralalkynyl, or styryl group optionally can be ring-substituted by cne to
four substituents independently selected from the group consisting of hydrogen,

halo, halo-C5 alkyl, aryl, a Ca.7 heterocyclic group containing 1-3 hetero atoms
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independently selected from nitrogen, oxygen and sulphur, a heteroary! group
containing 1-3 hetero atoms independently selected from nitrogen, oxygen and
sulphur; Cqs alkyl, Cos alkenyl, Cos alkynyl, aryl-Cq5 alkyl, aryl-Co.z alkenyl, aryl-Co.
satkynvi, hydroxy-Cqs alkyl, nitro, amine, cyano, cyanamido, guaniding, amidino,
acylamido, hydroxy, thiol, acyloxy, azido, aikoxy, carboxy, carbonylamido, S-alkyl or
alkylthiol;

and either of Ry or Ry further can include or represent a bond to B;

wherein Ar can be bonded {o B at any position on the five-membered ring portion of
the Arring, including the N-position, and Ar' can be bonded to B at any carbon on the
Ar' ring not substituted by Ry and Ry,

or & sall, steregisomer, or racemic mixiure thereof.

(008012, The method of embodiment 1, wherein X is ~(CHy),, whersinnis 0-8, Y is
>NH or >0 and Z is »CO.

[008113. The method of embodiment 1 or 2, wherein Ar' is an alpha-pyrone ring
system.

[088214. The method of any of embodiments 1 to 3, wherein Ar' is a beta-pyrone
ring system.

(088315, The method of any of embodiments 1 to 4, wherein Ar' is a gamma-pyrone
ring system.

[0084]6. The method of any of embodiments 1 1o 5, wherein X is ~(CHy)n, Y is >NH
or >0, and Z is >C0, Aris an indole ring; R; is a bond o X on position 2 of the indole
ring; Ry is hydrogen or a methoxy group on position 5 of the indole ring, and each of
R. and R, is hydrogen; Ar' is a gamma-pyrone ring bonded to Z at position 2 of the
pyrone ring; Ry is hydrogen or a hydroxy group on position 5 of the pyrone ring; and
Rs is hydrogen or a carboxy group on position 8 of the gamma-pyrone ring; or a
pharmaceutically acceptable sall, sterecisomer, or racemic mixture thereof.
[0085]7. The method of any of embodiments 1 o 6, wherein X is ~(CHaln, Y is >NH
or >0 and Z is »CO0; Aris an indole ring; Rs is a bond to X on position 3 of the
indole ring; R is @ methoxy group at position & of the indole ring and each of R, and
R, is hydrogen; Ar'is an gamma-pyrone ring substituled by Z at position 4 of the
pyrone ring; and Ry, and R, are each a methyl or hydrogen; or a pharmaceutically
acceptabie sali, stereoisomer, or racemic mixiure thereof.

[088818. The method of any of embodiments 1 to 7, wherein the composition is

further characterized by at least one of the following features:
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(i) itis adapted for oral, rectal, parenteral, transbuccal, intrapulmonary (e.g. by
inhalation) transdermal or topical administration;

{ii} it is in unit dosage form, each unit dosage comprising an effective amount of said
compound;

(ill) it is a prolonged release formulation;

(iv} it is in a depot form which will release the compound siowly in the body, over a
preselected fime period;

{(v) it is an ointment, cream, gel, emulsion, oil, foam, solution or asrosol spray
suitable for topical use;

{vi) it further comprises at least one addilional therapeutic agent selected from a UV
protectant, an analgesic, a tranquilizer, a vasoconstrictor, a vasodilator, and an anti-
inflammatory agent.

[008719. The method of any of embodiments 1 to 8, wherein the composition
comprises at least one pharmaceutically acceptable diluent, preservative,
antioxidant, sclubilizer, emulsifier, gelling agent, adjuvant or carrier.

(0888110, A pharmaceutical composition comprising an effective amount of a
compound having the formula:

Ar——B—At H

wherein:

—B— represents:

e G GV

wherein:

X represents —{(CHy), (wherein n is 0-6);

Y represents oxygen, sulphur, >NH or is absent;

Z represents >C=0, >0 or >CO0 or is absent; and wharein at least one of X, Y and
Z must be present;

Ar represents an indole nucleus ring system:

Ar' represents an alpha-, bela- or gamma-pyrone nucleus ring system:

e T LR

Fa e N
@ S
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wherein each of Ry substitutes the ring system Ar at any available position
{including the N-position) and each of R-Ry substitules the ring system Ar' at any
available position and wherein each of R4 and Ry independently represents
hydrogen, oxygen, halo, halo-Cq.5 atkyl, aryl, acyl, a Cs.7 heterocyclic group
containing 1-3 hetero atoms independeantly selected from nitrogen, oxygen or
sulphur; a Ca.¢ heteroaryl group containing 1-3 hetero atoms independently selected
from nitrogen, oxygen or sulphur, Ci5 alkyl, Cas alkenyl, Cos alkynyl, aryl- Cy5 alkyl,
aryl- Cous alkenyl, aryi-Ci.s alkynyl, hydroxy-Ci.s alkyl, nitro, amino, cyano, cyanamide,
guanidine, amidino, acylamido, Cq.s alkylamine, C4.s alkylamido, hydroxy, thiol,
acyloxy, azido, Cq.5 alkoxy, carboxy, carbonylamido or siyryl; wherein said arylalkyi,
arvlatkenyl, aralalkynyl, or styryl group optionally can be ring-substituied by one {o
four substituents independently selecied from the group consisting of hydrogen,
halo, halo-Cq.s alkyl, aryl, a Cs.7 heterocyclic group containing 1-3 hetero atoms
independently selected from nitrogen, oxygen and sulphur, a heteroaryl group
corttaining 1-3 hetero atoms independently selected from nitrogen, oxygen and
sulphur; Cqs alkyl, Cos alkenyl, Cos altkynyl, aryl-Cqs alkyl, arvi-C,.s alkenyl, aryl-Co.
satkynyl, hydroxy-Cq.s alkyl, nitro, amino, cyano, cyanamido, guanidino, amidino,
acylamido, hydroxy, thiol, acyloxy, azido, aikoxy, carboxy, carbonylamido, S-alkyl or
atkylthiol;

and either of Ry or Ry further can include or represent a bond to B;

wherein Ar can be bonded {o B at any position on the five-membered ring portion of
the Ar ring, including the N-position, and Ar' can be bonded to B at any carbon on the
Ar' ring not substituted by Ry and Ry; or a sall, sterecisomer, or racemic mixture
thereof, and at least one pharmaceutically acceptable diluent, preservative,
antioxidant, sciubilizer, emulsifier, gelling agent, adjuvant or carrier;

wherein the pharmaceutical composition:

(1) is adapied for oral, reclal, parenteral, transbuccal, intrapulmonary (8.¢. by
inhalation) transdermail or topical adminisiration;

(il} is in unit dosage form, each unit dosage comprising an effective amount of said
compound;

(ili} is a prolonged release formulation;

{iv) is in a depot form which will release the compound slowly in the body, over a

preselected time period;
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{v) is an ointment, cream, gel, foam, emulsion, oil, solution, or spray suitable for
topical use;

{vi) further comprises at least one additional therapeutic agent selected from a UV
protectant, an analgesic, a tranquilizer, a vasoconstrictor, a vasodilator, and an anti-
inflarmmatory agent; and/or

{(vii) is a solid dosage form for oral administration.

[0688]111. The pharmaceutical composition of embodiment 10, wherein the
compaosition is an oral dosage form selected from capsules, tablets, pills, powders or
granules.

[0090]12. The pharmaceutical compaosition of embodiment 10 or 11, wherein the
compound of formuia | is admixed with at least one inert pharmaceutically
acceptable carrier selected from sucrose, lactose, or starch.

[0691113. The pharmaceutical composition of any of embodiments 10 to 12,
wherein the composition further comprises one or more lubricating agents.
(0892114, The pharmaceutical compaosition of any of embediments 10 1o 18,
wherein the composition comprises magnesium stearate.

(0093115, The pharmaceutical composition of any of embodiments 10 {o 14,
wherein the composition comprises one or more adjuvants.

108941 16. The pharmaceutical composition of any of embodiments 10 to 15,
wherein the composition comprises gum tragacanth, acacia, corn starch or gelatin.
[0085]117. The pharmaceutical compaosition of any of embodimenis 10 o 16,
wherein the compaosition comprises at least one of an excipient, a disintegrating
agent, a lubricant, a sweetening agent, and a flavoring agent.

[0096]118. The pharmaceutical composifion of any embodiment 17, wherein the
excipient is microcrystalline cellulose.

10897115, The pharmaceutical composition of embodiment 17, wherein the
disintegrating agent is corn starch, pregelatinized starch, alginic acid, ora
combination thereof,

(0898120, The pharmaceutical composition of embodiment 17, wherein the
sweelening agent is sucrose, lactose, saccharin or a combination thereof.
(0099121, The pharmaceutical composition of embodiment 17, wherein the flavoring
agent is peppermint, oil of wintergreen, cherry, or a combination thereof.

108160} 22. The pharmaceutical compaosition of any of embodiments 10 {o 21,

further comprising at least one buffering agent.
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(08161} 23. The pharmaceutical composition of any of embodiments 10 to 22,
further comprising a fatly oil.

[00102] 24. The pharmaceutical composition of any of embodiments 10 io 23,
wherein the composition is a fopical formulation in the form of an cintment, gsl,
cream, emulsion, oil, foam or spray for dermal application.

[06103] 25. The pharmaceutical composition of any of embodiments 10 1o 24,
wherein the compound is administered in the form of a medicament, which
comprises also at least one pharmaceutically acceptable diluent, preservative,
antioxidant, sclubilizer, emulsifier adjuvant or carrier.

[00104] 28. The pharmaceutical composition of any of embodiments 10 io 25,
wherein the medicament is further characlerized by at least one of the following
features:

(i) it is adapted for oral, rectal, parenteral, transbuccal, intrapulmonary (e.g. by
inhalation) tfransdermal or ectopic administration;

(il} it is in unit dosage form, each unit dosage comprising an amount of said at least
one compound at effective dose;

(ili} it is a prolonged release formulation;

{iv} it is in a depot form which will release the compound slowly in the body, over a
preselected time period;

(v) itis an cintment, cream, foam or spray intended for eclopic use

(vi} it comprises also at least one additional therapeutic agent selected from UV
profectants, analgssics, minor tranquilizers, and anti- inflammatory drugs.

[06185] 27. The method of any of embodiments 1 to 9, wherein the compound
is selected from the group consisting of N-[2-(1H-indol-3-yl}-ethyll-comanilamide, N-
[Z2-{5-methoxy-indol-3-yh-ethyil-comanilamide, and 2-methyi-4-oxo-4H-pyran-3-yi [2-
(5-methoxy-1H-indol-3-yhethyllcarbamate.

1061 06] 28. The method of any of embodiments 1 to 8, wherein ifch or pruritus
is reduced.

[08167] 28. The method of any of embodiments 1 to 8, whersin the subject is a
human.

[00108] 30. The method of any of embodiments 1 to 9, wherein the compound
inhibits Nav1.7 channeis.

(08109} 31. The method of any of embodiments 1 to 8, wherein the compound
inhibits TRPY channels.
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108110} 32. The pharmaceutical composition of any of embodiments 10 to 26,
wherein the compound is selected from the group consisting of N-[2-{1H-indol-3-vi)-
ethyil-comanilamide, N-[2-(5-methoxy-indol-3-vh)-ethyll-comanilamide, and 2-methyl-
4-0xX0-4H-pyran-3-yl [2-(5-methoxy- 1H-indol-3-yhethyllcarbamate.

[06111] 33. The pharmmaceutical compaosition of any of embodiments 10 1o 26,
wherein the composition comprises the compound of formula | in an amount
sufficient {0 reduce itch or pruriius in a patient in need of such reduction.

08112} 34. The method of any of embodiments 1 to 8, whersin the subject
suffers from acute pruritus.

[00113] 35, The method of any of embodiments 1 to 9, wherein the subject
suffers from chronic pruritus.

106114] 36. The pharmaceutical compaosition of any of embodiments 10 1o 26,
wherein the compound inhibits Nav1.7 channels.

[00115] 37. The pharmaceutical composition of any of embodiments 10 {o 28,
wherein the compound inhibits TRPV channels.

[06116] 38. A cream formulation for topical application comprising shea butter,
coconut ¢il, and a therapeutically effective amount of a pyrone-indole derivative.
(08117} 39. The cream formulation of embodiment 38, wherein the pyrone-
indole derivative is N-[2-{1H-indol-3-y}-ethyil-comanilamide.

[00118] 40. The cream formulation of embodiment 39, wherein the
concentration of the N-[2-(1H-indol-3-yh-ethyil-comanilamide is 3%.

(08119} All citations (e.g., scientific journal publications, patents, and other
reference material) mentioned herein are hereby incorporated herein by reference {o
the same extent as if each individual citation was specifically and individually
indicated to be incorporated by reference.

1061 20] VWhile particular embodiments of the invention have been particularly
described hereinabove, it will be appreciated that the present invention is not limited
thereto, since as will be readily apparent to skilied persons, many modifications or
variations can be made. Such modifications or variations which have not been

detailed herein are deemed ¢ be obvious equivalents of the present invention.
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Claims:

1 A method for treating a subject suffering from itch or pruritus, comprising
administering to the subject a composition comprising an effective amount of a
compound having the formula:
Ar—B—Ar' ()

wherein:

—B— represents:

—X—Y—Z—,

wherein:

X represents —(CHz)n (wherein n is 0-6);

Y represents oxygen, sulphur, >NH or is absent;

Z represents >C=0, >0 or >COQO or is absent; and wherein at least one of X,
Y and Z must be present;

Ar represents an indole nucleus ring system:

Ar' represents an alpha-, beta- or gamma-pyrone nucleus ring system:

; R’ @)
=\ _R> R,
0O O /
R4 R1' R’

or or
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wherein each of R1.4 substitutes the ring system Ar at any available position (including
the N-position) and each of Ri-Rz substitutes the ring system Ar’ at any available
position and wherein each of Ri4and Ri2 independently represents hydrogen,
oxygen, halo, halo-C+-s alkyl, aryl, acyl, a Cs.7 heterocyclic group containing 1-3 hetero
atoms independently selected from nitrogen, oxygen or sulphur; a Ces heteroaryl
group containing 1-3 hetero atoms independently selected from nitrogen, oxygen or
sulphur, Cisalkyl, Cz5alkenyl, Cz5alkynyl, aryl-C1salkyl, aryl- Cz5alkenyl, aryl-Co-
s alkynyl, hydroxy-C+salkyl, nitro, amino, cyano, cyanamide, guanidino, amidino,
acylamido, C1-s alkylamine, C1-5 alkylamido, hydroxy, thiol, acyloxy, azido, C1-s alkoxy,
carboxy, carbonylamido or styryl; wherein said arylalkyl, arylalkenyl, aralalkynyl, or
styryl group optionally can be ring-substituted by one to four substituents
independently selected from the group consisting of hydrogen, halo, halo-C+-s alkyl,
aryl, a Cs.7 heterocyclic group containing 1-3 hetero atoms independently selected
from nitrogen, oxygen and sulphur; a heteroaryl group containing 1-3 hetero atoms
independently selected from nitrogen, oxygen and sulphur; C1-s alkyl, C2-5 alkenyl, Ca-
salkynyl, aryl-Cisalkyl, aryl-Cosalkenyl, aryl-Czsalkynyl, hydroxy-C+salkyl, nitro,
amino, cyano, cyanamido, guanidino, amidino, acylamido, hydroxy, thiol, acyloxy,
azido, alkoxy, carboxy, carbonylamido, S-alkyl or alkylthiol;

and either of Rs or R4 further can include or represent a bond to B;

wherein Ar is bonded to B at position 3 on the five-membered ring portion of the
Ar ring and Ar' can be bonded to B at any carbon on the Ar' ring not substituted by
R+ and Rz;

or a salt, stereoisomer, or racemic mixture thereof, and
at least one pharmaceutically acceptable diluent, preservative, antioxidant, solubilizer,

emulsifier, gelling agent, adjuvant or carrier.

2. Use of a compound having the formula:
Ar—B—Ar (

in the manufacture of a medicament for treating a subject suffering from itch or pruritus,

wherein:
—B— represents:
—X—Y—Z—,
wherein:

X represents —(CH2)n (wherein n is 0-6);

36
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Y represents oxygen, sulphur, >NH or is absent;
Z represents >C=0, >0 or >COO or is absent; and wherein at least one of X,
Y and Z must be present;

Ar represents an indole nucleus ring system:

R1

R Rs

N
H Ra

Ar' represents an alpha-, beta- or gamma-pyrone nucleus ring system:

; Ro' @)
=\ _R> R,
o O /
R‘| R‘Il R1'
O or O or O

wherein each of R1.4 substitutes the ring system Ar at any available position (including
the N-position) and each of R1-Rz substitutes the ring system Ar' at any available
position and wherein each of Ri4and Ri-2 independently represents hydrogen,
oxygen, halo, halo-C1-s alkyl, aryl, acyl, a Cs-7 heterocyclic group containing 1-3 hetero
atoms independently selected from nitrogen, oxygen or sulphur; a Ces heteroaryl
group containing 1-3 hetero atoms independently selected from nitrogen, oxygen or
sulphur, Cisalkyl, C25alkenyl, Czsalkynyl, aryl-C1-salkyl, aryl- Cz5alkenyl, aryl-Ca-
salkynyl, hydroxy-C1-5alkyl, nitro, amino, cyano, cyanamide, guanidino, amidino,
acylamido, C1-s alkylamine, C1-5 alkylamido, hydroxy, thiol, acyloxy, azido, C1-5 alkoxy,
carboxy, carbonylamido or styryl; wherein said arylalkyl, arylalkenyl, aralalkynyl, or
styryl group optionally can be ring-substituted by one to four substituents
independently selected from the group consisting of hydrogen, halo, halo-C1-5 alkyl,
aryl, a Cs.7 heterocyclic group containing 1-3 hetero atoms independently selected
from nitrogen, oxygen and sulphur; a heteroaryl group containing 1-3 hetero atoms
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independently selected from nitrogen, oxygen and sulphur; C1-s alkyl, C2-5 alkenyl, Ca-
salkynyl, aryl-Cisalkyl, aryl-Cosalkenyl, aryl-Czsalkynyl, hydroxy-C+salkyl, nitro,
amino, cyano, cyanamido, guanidino, amidino, acylamido, hydroxy, thiol, acyloxy,
azido, alkoxy, carboxy, carbonylamido, S-alkyl or alkylthiol;

and either of Rs or R4 further can include or represent a bond to B;

wherein Ar is bonded to B at position 3 on the five-membered ring portion of the
Ar ring and Ar' can be bonded to B at any carbon on the Ar' ring not substituted by
R+ and Rz;

or a salt, stereoisomer, or racemic mixture thereof, and wherein the
medicament comprises at least one pharmaceutically acceptable diluent, preservative,

antioxidant, solubilizer, emulsifier, gelling agent, adjuvant or carrier.

3. The method of claim 1 or the use of claim 2, wherein X is -(CHz2)n, wherein n is
0-6, Yis >NH or >O and Z is >CO.

4. The method of claim 1 or the use of claim 2, wherein Ar' is an alpha-pyrone ring
system.

5. The method of claim 1 or the use of claim 2, wherein Ar' is a beta-pyrone ring
system.

6. The method of claim 1 or the use of claim 2, wherein Ar' is a gamma-pyrone
ring system.

7. The method of claim 1 or the use of claim 2, wherein X is -(CHz2)n, Y is >NH or

>0, and Z is >CO, Ar is an indole ring; R3 is a bond to X on position 3 of the indole
ring; R1 is hydrogen or a methoxy group on position 5 of the indole ring, and each of
R2 and R4 is hydrogen; Ar' is a gamma-pyrone ring bonded to Z at position 2 of the
pyrone ring; R+ is hydrogen or a hydroxy group on position 5 of the pyrone ring; and
Rz is hydrogen or a carboxy group on position 6 of the gamma-pyrone ring; or a

pharmaceutically acceptable salt, stereoisomer, or racemic mixture thereof.

8. The method of claim 1 or the use of claim 2, wherein X is -(CHz)n, Y is >NH or

>0 and Z is >COQ; Aris an indole ring; Rs is a bond to X on position 3 of the indole
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ring; R1is a methoxy group at position 5 of the indole ring and each of Rz and R4 is
hydrogen; Ar' is an gamma-pyrone ring substituted by Z at position 4 of the pyrone
ring; and R+, and R2 are each a methyl or hydrogen; or a pharmaceutically acceptable

salt, stereoisomer, or racemic mixture thereof.

9. The method of claim 1 or the use of claim 2, wherein the compound of formula
() is selected from the group consisting of N-[2-(1H-indol-3-yl)-ethyl]-comanilamide,
N-[2-(5-methoxy-indol-3-yl)-ethyl]-comanilamide, and 2-methyl-4-oxo-4H-pyran-3-yl
[2-(5-methoxy-1H-indol-3-yl)ethyl]carbamate.

10.  The method of any one of claims 1 or 3 to 8 or the use of any one of claims 2 -
8, wherein said composition or said medicament further comprises at least one of the
following features:
(i) it is adapted for oral, rectal, parenteral, transbuccal, intrapulmonary (e.g. by
inhalation) transdermal or topical administration;
(i) it is in unit dosage form, each unit dosage comprising an effective amount
of said at least one compound;
(iii) it is a prolonged release formulation;
(iv) it is in a depot form which will release the compound slowly in the body,
over a preselected time period;
(v) it is an ointment, cream, gel, emulsion, oil, foam, solution or aerosol spray
suitable for topical use;
(vi) it further comprises at least one additional therapeutic agent selected from
a UV protectant, an analgesic, a tranquilizer, a vasoconstrictor, a vasodilator,

and an anti-inflammatory agent.

11.  The method or use of claim 9, wherein said composition or said medicament is

a solid oral dosage form selected from capsules, tablets, pills, powders or granules.
12. The method or use of claim 11 wherein the compound of formula | is admixed

with at least one inert pharmaceutically acceptable carrier selected from sucrose,

lactose or starch.
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13. The method or use of claim 12, wherein said composition or said medicament

further comprises one or more lubricating agents.

14. The method or use of claim 13, wherein said composition or said medicament

comprises magnesium stearate.

15.  The method or use of any one of claims 11 to 14, wherein said composition or
said medicament further comprises one or more of the following:

- a binder,

- an excipient,

- a disintegrating agent;

- a sweetening agent;

- a flavoring agent.

16.  The method or use of claim 15, wherein:
- the binder is selected from one or more of gum tragacanth, acacia, corn starch
or gelatin,
- the excipient is microcrystalline cellulose;
- the disintegrating agent, is selected from one or more of corn starch,
pregelatinized starch or alginic acid;
- the sweetening agent is selected from one or more of sucrose, lactose or
saccharin;

- the flavoring agent is peppermint, oil of wintergreen or cherry.

17.  The method or use of claim 10, wherein said composition or said medicament
is a topical formulation in the form of an ointment, a gel, a cream, an emulsion, an oll,

a foam or a spray for dermal application.

18. The method of claim 1 or the use of claim 2, wherein said composition or said
medicament is a cream formulation comprising shea butter, coconut oil and a

therapeutically effective amount of a pyrone-indole derivative of formula (l).

19.  The method or use of claim 18, wherein the pyrone-indole derivative of formula
() is N-[2-(1H-indol-3-yl)-ethyl]-comanilamide.
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20. The method or use of claim 19, wherein N-[2-(1H-indol-3-yl)-ethyl]-
comanilamide is at a concentration from 1 to 10%, or from 2 to 8%, or from 3 to 5%.

21. The method or use of claim 20, wherein N-[2-(1H-indol-3-yl)-ethyl]-

comanilamide is at a concentration of 3%.

Neurim Pharmaceuticals (1991) Ltd
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