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METHOD FOR TREATING PRURITUS AND/OR TTCOH

CROSS-REFERENCE TO RELATED APPLICATION
F3001] This application claims the benefit under 35 U.5.C. § 118{e) of the filing date
of provisional patent application Serial No. £62/378,435 filed August 23, 2016, the

disciosure of which is incorporated herein by reference in iis entirety.

FIELD OF THE INVENTION

{30021 1 nhe present disclosure relates generaily {0 treating prunitus and/or itch, 1o ine
use of pyrone-indole compounds in the manutacture of a medicament usetul for
treating pruriius ang/or iich, and {0 a medicament for use in allevialing itch or pruritus
in a patient suffering from dermatoiogical and non-dermatoliogical conditions (eading

1o such sympioms.

BACKGROUND OF THE INVENTION

130031 1tch is an uncomfortable sensation on the skin that causes a desire to scratch
(Baulista, Wilson et al. 2014). Prunitus, gefined as a sensation driving the urge (o
scratch, may be acute (<6 weeks) or chronic (>0 weeks) (Lavery, Stull et al. 2016).
This symptom can significantly impair the guality of life and sleep of affected
patients. Moreover the cumulative effect of such disrupfions may influence mortaiity.
The dialysis outcomes and practice patterns (DOPPS) study showed a 17%
increased mortality risk among pruritic hemodialysis patients, which was attributed in
part to decreased guality of sieep. Hrurnitus IS severe itching of the skin, as a
symptom of various ailments. lich can be classified by eficlogy (Chuguilin, Alghalith
at al. 2018}, Pruniceplive itch onginates from the activation of primary afferent nerve
terminals {e.g., insect pies). Neurogenic iich s caused by central nervous system
injury or activation without the activation of sensory nerve terminals {e.g., renal
disease and kidney failure}. Psychogenic ch results from a pure central psychic
processing disorder in the absence of skin pathology or underlying medical disease.
130041 A myrniad of both dermatoiogical and non-dermatological conditions may
cause iich and/or pruritus. in clinical practice, patienis with chronic pruritus from any
cause commonly complain of noctumnal involvement. Noctumal pruritus is commaon in

natients with chronic itch and negatively atfects sieap guality. Lack of sieep can have
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poth immediale and iong-term effects that lead o medical, soctal and financiat
ramifications. Pnysicians must pe aware of ine numerous eticiogies of ieh and
nocturnal prurifius and deliver treatment with a patient-centered approach. Aptly
tallored management can help alleviale distress and reduce the complications that
resuit from repetiive scratching.

13005] Table 1 depicts some of the more common eticlogies of pruritus.

Category ' Disease
Lermatological Atopic dermatitis
HSOTIass

Chronic idiopathic urticaria
infestations (scabies, bed DUYS, PediCUinSIS, DINWOIMS)
Lichen planus
Lichen simpiex Chronicus
FPrungo nodularns
Advanced age (senile) pruritus
| Brachioradial prunius
Non-Dermatoiogical Liver disease
l Chronic kidney disease
Hematopoietic disorders
Neurological (e.g., brachioradial pruritus)
Fsychological (delusional ideations, depression,
schizophrenia, stress)
Substance abuse
Advanced age (senile) pruritus

Restiess legs syndrome

N
‘k-a- —————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— -k

0061 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 sieep stages but is most prevaient in stages N1 and NZ.
Conditions with a high prevalence of nocturnal pruritus include advanced age
(sente) pruritus, atopic dermatitis, prungo nodularns, psonasis, prachioradial pruritus

and chronic idiopathic urticana. Two major dermatological conditions that cause
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nocturmnal pruntus are atopic dermatitis and psoriasis. Atopic dermatitis (s 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 presenting complaints in atopic
dermatitis patients with a point prevalence ranging from 87 %—100% (Lautfer and
Ring 2018). Chnically, atopic dermatitis manifests as pruritic erythematous lesions
with associated exconations, ichenification ana/or superimposed infection. Psonasis
15 a chronic inflammatory immune-mediated skin disorder. Frevaience 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
spontanecus urticaria) is defined as itchy hives that last for at least © weeks, with or
without angicedema, and that have no apparent external trigger. The condition
generally has a prolonged duration of 1 1o 5 years {(persisting for >S5 years in 11 {0
14% of patients) and has a detrimental effect on patients’ emotional and physical
health-related gquality of life. The impairment accompanying this disorder has peen
hkened 10 that seen in patients with ischemic heart disease, with patients fealing a
simitar lack of energy, social isclation, and emotional upset as those with heart
disease. (Maurer, Rosen et al. 2013).

3007 Heh neurons {pruricepiors) are polymodal and respond to stimuius other than
oruritogens, including heat and capsaicin (Chuguiiin, Alghalith et al. 20106). 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 seleclivity theory of Hich s the most largely accepted theory {0 explain why
a stimuius s able to cause ich and not pain. Pruriceptors are g subset of
nociceptiors, and this theory posiulates that iich occurs when these seleclive itch
neurons are activated aloneg, while the sensation of pain dominates when iich and
pain neurons are activated together. In this manner, inhipition of the iich pathway
oCCuUrs via the nociceptive only neurons.

HO008] Numerous itch mediaiors (pruritogens) and receptors {pruriceptors) have
peen identified, of which the best undersiood are nistaming, proteases, opioigs,
substance P, the Mas-related G protein-coupled receptor (Mrgpr) family, and
calcitonin gene-related peptide (CGRP). Circadian rhythms may play a role in
nocturnal pruritus. he hypothalamus-piullary-adrenal axis i1s a complex system that

releases corticosieroids through a continuous negative feedback mecnanism.
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FO008] H1i-antihistamines are the current mainstay for initial treatment and are the
only agents approved for use in patients with chronic idiopathic urticanal and
nocturnal prurifus (Furue and Kadono 2015). However, a majority of patients do not
nave a response to Hi-antihistamines, even when the drugs are administered at
three o four times their approved doses. Treatment oplions for patients who do not
nave a response to Hi-antinistamines inciude the use of HZ-antihistamines,
ieukotriene-recepior antagenisis, systemic gliucocorticoids, cyciosporine,
nydroxychioroguine, dapsone, methotrexate, sulfasalazine, and intravencus immuns
giobulin. Mirtazapine, an atypical antidepressant that antagonizes noradrenergic (a1,
02}, serotonergic (5-H1Z, 5-H132), and histaminergic (H1) receptors, has
demonstrated efficacy in relieving nocturnal ich of varied eliclogy. None of these
agents has vet received regulatory approval for the treatment of iich. In addition, the
gata supporting the use of these drugs are imited, and long-term use of some of the
agents can be associated with subsiantial side effects.

H3010] Transient receptor potential vanilioid type 1 (TRPV1) is a non-selective calion
channel widely expressed in skin tissyues, and peripheral sensory nerve iibers.
Activation of TRPFPV1 releases neuropeptides; the resulting neurogenic inflammation
1S helieved {0 contribute {0 the development of pruritus. Howsver, in a recent study
topical administiration of a TRPV1 anfagonist failed o be of sympiomatic benefit for
histaminergic or non-histaminergic induced itch in humans (Gibson, Robertson et al.
2014},

1001 1] Smooth muscle cells of cutaneous arterioles and artericle-vanule shunts
(AVS) in the skin express sodium channel Navl.7. Moreover, Nav1.7 is expressed
by endothelial celis lining the arterioles and AVS and by sensory and sympathetic
finers innervating these vascular elements. (Rice, Albrecht et al. 2015). Recent
studies discoverad that the Nav1.7 sodium channel plays a key role in spinal cord
nociceptive and pruriceplive synaplic transmission. these studies reveal that Nav1t./
15 a target for iich management and an anti- Nav1./7 antibody has therapeulic
potential for suppressing pain and ieh. (Lee, Park et al. 2014},

F3012] There 1s 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 inhibifory properties at Navl.7 and TRPV1

channeis and may be useful for the treatment of pruntus and itch. Such compounds
are described in U.S. Patent Nos, 7,635,710, 8 242 183 and 8,589,355 and
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international Patent Specification Nos. WO2R007/093880A2 and W(O2007/093880A3.
The entire contents of the above-mentioned patents and literature references are
incorporated herein by reference.

SUMMARY OF THE INVENTION

[3013] 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.
WORZ007/0983880A2 and WOZ007/093880A3, the entire contents of these references
are incorporated herein py reference, in an effective amount, in the manufacture of &
medicament, for treating itch and /or pruritus, in a patient suifering from
dermatological and non-dermatoiogical conditions {eading to such symptoms,
wherein the medicament additionally comprises at least one pharmacsuticaily
acceptable diuent, preservative, antioxidant, solubtiizer, emuisifier, adjuvant or
carrer.

13014 in another aspect, the present disciosure provides a method for treating a
subiect suffenng from idch and/or pruritus by administenng an effective amount of at
least one compound of this disciosure {0 the subject.

(3015 In still another aspeact, the present disclosure provides a medicament for use
in a patient suffering from dermatoiogical and nen-dermatological conditions leading
o tch ang/or prurttus. The medicament composiiion contains an effective amount of
at least one compound of this disclosure and at ieast one additional therapeutic
agent selecled from UV protectants, hypnolics, sedatlives, analgesics, minor
tranguilizers, and anti-inflammatory drugs, in addition 1o al least one
onarmaceutically acceptable diiuent, preservative, antioxidant, solubilizer, emulsifiers
agjuvant or carner.

BRIEF DESCRIPTION OF THE DRAWINGS

G161 HIG. 1 shows a stimulus voltage patiern used for determining blocking effects

on hiNavt.x channeis.

DETAILED DESCRIPTION OF THE INVENTION

F3017]in one aspect, the present disclosurs includes a method for trealing a patient
suffering from itch and/or prurnitus by administering an effective amount of &

pharmaceutical composition confaining a compound having the formuia ().

Ar-B-Ar (1)
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wherain:

-8~ represents.:

XY -2~

wherein:

A represents -(UH)p- (wherein nis 0-8), in which the alkyl moisty is linear or
pranched,

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

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

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

Nng sysiem Ar represents an indole nucieus:

R4

K2 R3
At
H o R4

Nng sysiem Ar represents an aipha-, befa- or gamma-pyrone nucieus:

OF

Of

wherein each of the R4 substitutes the nng systems Ar at any avaiiable position
(nciuding the N-position) and each of the K. substifutes the ring sysiem Ar at any
available position and whersin each of R4 and Ry independently represents
nydrogen, oxygen, halo, halo-Cq.s alkyl, aryl, acyl, a CUs.y heterocyclic group

containing 1-3 hetero atoms independently selecied from nifrogen, oxygen and
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sulphur; a Cag heteroaryl group containing 1-3 hetero atoms independently seiected
from nifrogen, oxygen and sulphur; Cq.5 alkyl, Co.s alkenyl, Co alkynyl, aryi-Ci g
atkyl, aryl-Coz alkenyl, aryl-Cos alkynyl, hydroxy-Ci.s altkyl, nitro, amino, cyano,
cyanamido, guanidino, amiding, acylamido, (4.5 atkylamine, 4.5 alkylamido,
nydroxy, thiol, acvioxy, azido, U5 alkoxy, carboxy, carbonvlamido or styryl, wherein
said arviaikyl, aryiaikenyl, arviaikynyi, or styryl group oplionally can pe ring-
supsiituted by one (o four substituents independently selected from the group
consisting of hydrogen, halo, halo-Cqs alkyl, aryl, a (Usy heterocyclic group
contamning from 1-3 heteroatoms independently selecied from nifrogen, oxygen and
sulphur;, a heteroary! group containing from 1-3 hetero atoms independently selected
from nitrogen, oxygen and sulphur, © 4.5 alkyl, Cas alkenvl, Cos alkynyl, aryil-Cos
atkenyl, arvl-Co.s alkynyl, hydroxy-Cqs altkyl, nitre, amino, cyano, cyanamido,
guanidinoe, amiding, acyiamido, hyaroxy, thiol, acyioxy, azido, alkoxy, Carboxy,
carbonylamido, S-alkyl or alkyithiol, and either of Ry or Ry further can include or
represent a bond © B;

wherein Ar can pe bonded {0 B at any position on the Ar rning not supstituted by Ry
and K including the N-position, and Ar can pe ponded to B af any carbon on the Ar
fng not substituted by Ry or Ry,

or a pharmaceutically acceptable salt, steresisomer, or racemic mixture thereof.
H3018] As used herein, "aryl” represents phenyl or naphthvi.

{30181 AIs0 as used herein, reference {0 "a" compound, salt, sterecisomer, or
racemic mixture of tormuia (1) is intended o sncompass "'one or more” such
compounds, saits or stereoisomers. Furthermore, reference o a "compound” of
formuia (1), as in the discussion pelow of pharmaceutical formulations, i1s giso
intended © include a sall, sterecisomer, or racemic mixiure of the compound.
{33201 n a preferred embodiment, X is -(CHz)—, wherain n s any of 0-6 and
preferably any of 1-6, Y is >NH or >0 and Z is >CO.

13021 VWithout prejudice to the generalily of the compounds of the present invention,
in a preferred embodiment of the compounds defined by formula (), Xis -{CHo)a., Y
is >NH or >0, Zis >C=0, Aris an indole containing a bond, K3 to X at position 3 of
the indole ring, K4 18 methoxy on position 5 of the indole ring, each of Ky, and R4 S
nydrogen, Ar 1S a gamma-pyrone bonded {0 £ at position 2 of the pyrone ring, Ky 18
nydrogen or a hydroxy group at position 5 of the pyrone ring and Ry (S hydrogen or a

carpoxy group at position © of the gamma pyrone rnng; or a pharmaceutically
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acceplable salt, slerecisomer, or racemic mixture thereof. in a ssecond preferred
empodiment, Aris as defined above and Ar 18 an aipha-pyrone ring ponded to £ at
posifion 5 of the alpha-pyrone ring and Ky and Ry are hydrogens; or 8
pharmaceutically acceptable salt, sterecisomer, or racemic mixture thereof,

{022] Suitable pharmaceutically acceptable salts of the compounds of formula (1)
inciude salts which may, for exampie, be formed by mixing a soiution of the
compound with a soiution of a pharmaceutically acceptable acid. Pharmaceutically
acceplable acids include, but are notl imited 1o hydrochionc acid, fumarc acid,
maleic acid, sUucciniC acid, acelic acid, cinc acid, benzoic acid, tartaric 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 caries an alkyi,
aikenyl, alkynyi or aralkyl group. Where the compound carries an acidic group, for
exampie a carpoxylic acig group, the present invention aise contempiates salts
thereof, preferably non-toxic pharmaceutically acceptabile saits thereof, such as the
sodium, potassium and calcium salts thereof. Representative pharmaceutically
accepiable sails include, yet are not imited 10, acetale, benzenesulfonate, benzoale,
picarponate, bisuifate, bitartrate, borate, promide, calcium edetate, camsylate,
carponate, chioride, clavulanate, citrate, dihydrochioride, edstale, edisylate, estolate,
esviate, fumarate, giuceptate, giuconale, giutamale, glycoliviarsanilate,
nexyiresorcinate, hydrabamine, hyaropromide, hydrochionide, hydroxynapnthoate,
iodide, isothionale, iactate, iactobionate, laurate, malale, maieals, mandeiate,
mesylale, methylbromide, methyinitrate, methyisuifate, mucate, napsylate, nitrate, N-
methyigiucamine ammonium sall, oleate, pamoate (embonate), paimitate,
panicthenate, phosphate/diphosphate, polygalacturonate, salicyiate, stearate,
sulfate, subacetate, succinate, tannate, lartrate, tecciate, tosyiate, tniethiodide and
valerate.

30231 some embodiments, the functional groups of the compounds of formula (1)
usetul in the inveniion can bte modified 10 ennance the pharmacoiogical utility of the
compounds. Such modifications are well within the knowledge of a person of
ordinary skill in the art and include, without limitation, esters, amides, sthers, N-
oxides, and pro-drugs of the indicated compound of formuia (). Exampies of
modifications that can enhance the activity of the compounds of formuia (1) inciude,
for example, esterification such as the formation of Cq io Cs alkyl esters, preferably

Cq 1o C4 alkyl esters, wherein the alkyl group is a straight or branched chain. Other



CA 03033534 2015-02-11

WO 2018/037295 PCT/IB2017/053989

accepiable esters inciude, for example, Cq o Uy cycloalkyl esters and aryialkyl esters
such as benzyl esiers. Such esters can be prepared from the compounds described
nerein using conventional metheds well Known in the art of organic chemistry.
(30241 11 s understood thal, in embodiments where the compounds of formuia (i)
usetul in the invention have at least one chiral center, the compounds can exist as
chemicaily distinct enantiomers. in addition, where a compound has two or more
chiral centers, the compound can exist as diasiereomers. All such 1Isomers and
mixtures thereot are encompassed within the scope of the indicated compounds of
formuta (). Similarly, where the compounds possess a structural arrangement that
permits the structure {0 exist as tautomers, such tautomers are encompassed within
the scope of the indicated compound. Furthermore, in crystaliine 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
DOIYMOorpns, hydrates and other solvates aiso are encompassed within the scope of
the invention as defined herain.

F3025] in one embodiment, the present disclosure includes a cream formuilation for
topicai apphication comprising shea butter, coconut oil, and a therapeutically effective
amount of a pyrone-indole derivative. The cream formuigtion may inciude N-{2-{1H-
indol-3-yii-ethvil-comaniamide. The concentration of the N-{2-(1H-indoi-3-yii-ethvil-
comaniiamide may be, e.¢.,1-10%, 2-8%, 3-5%, or 3%.

130261 A pharmaceutical composition useful in the methods of the invention can be
administered 10 a subject by a variety of means depending, for exampie, on the type
of pain to be treated, the compound to be included in the composition, and the
nistory, risk factors and symptoms of the subject. The compounds of the invention
may be agministered by oral, parenteral {e.g., intramuscular, intraperitoneal,
intravencus or subcutaneous injection, or implant), intrapuimonary (e.¢g., by
inhalation), nasal, rectal, transbuccal, fransdermal, or topical routes of
administration. The compounds may aiso pe administered by elecirophoresis;
topicaily in any acceplable torm such as in drops, creams, gels or ointments; and by
minipump or other impianted proionged release device or formuiation. "Prolonged
release refers {0 release of an aclive agent from a dosage form at a rate effective 1o
achieve a therapeulic amount of the agent, or aclive metaboliie thereof, locally or in
the systemic blood circulation over a protlongead pericd of time. Helease of the agent

OoCCuUrs over an exiended period of hours, for exampie, over a perniod of at ieast ©
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hours, over a period of at least 8 hours, over a period of at least 12 hours, or over a
period of at least 24 hours. itis understood that different means of drug delivery can
pe combined in a method of the invention. As an exampie, infravenous
adminisiration on a first day can pte combined with oral or topical Josing on a second
and/or third day.

{30271 1 ne term "supbject or "patient” as used herein, refers to a verteprate, inciuding
out not imited 10 fish (such as commercially farmed fish, pet fish, eic.), amphibians
(such as frogs, toads, pet amphiblans, etc.), repliles (such as snakes, lizards, turiles,
net reptiles, elc.), birds (such as chickens, turkeys, pet birds, et¢.} and mammais
(such as mice, rats, hamsters, rapbits, pigs, dogs, cats, horses, cows, sheep, goats,
nen-human prmales, non-human mammails, pet non-human mammals, humans,
efc.). In certain embodiments, the subject or patient i1s a mammail. In certain
empodiments, the subject or patient is a mouse, a rat, a hamster, a rabbit, 8 pig, =
dog, a cat, a norse, a cow, a sheep, a goat, a non-numan primate, or a human
(which may be inciuded in embodiments of the invention ndividually or in any
combination). in certan embodiments, the subject or patient 1s a human. in certain
empodiments, the subject or patient 1S 8 non-human mammai.

[3028] Solid dosage forms for oral administration include capsules, tablets, pills,
powders and granules. in such solid dosage forms, the active compound 1s 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
subsiances other than inert diluents, &.¢g., iubricating agents such as magnesium
stearate. HHustrative of the adjuvants which may be incorporated in {ablets, capsuies
and the like are the foliowing: a binder such as gum tragacanth, acacia, corm starch
or gelalin; an excipient such as microcrystalline celiuiose,; a disintegrating agent such
as com starch, pregeiatinized starch, alginic acid and the like; a lubncant such as
magnesium stearate; g sweelening agent such as sucrose, lactose or saccharin, a
fliavoring agent such as peppermint, oil of wintergreen or cherry. In the case of
capsuies, tableis and pills, the dosage forms may ais¢ comprise buffering agents.
Vvhen the dosage unit form s a capsule, it may contain, in addition © materniais of
the above type, a liguid carmer such as a fatly oil. Various other maternials can pe
present as coatings or 1o oftherwise modify the physical form of the dosage unit.
Tablets and pills can additionally be prepared wilh enteric coatings and tablets may

oe coated with shellac, sugar or both.
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100281 Liguid dosage forms for oral administration include pharmaceutically
accepiabie emuisions, solUlioNs, sUsSpensions, syrups and elixirs contaming mnert
diuents commoniy used in the arl, such as water. Besides such inert diluents,
compositions can also inciude adjuvants, such as welting agents, emulsitying and
suspending agents, and sweetening, flavoring, and perfuming agenis. A syrup or
elixir may contain the active compound, sucrose as a sweetening agent, methyi and
oropyl parabens as preservatives, a dye and a flavoring such as cherry or grange
flavor.

[0S0 Freparations according to this invention for parenteral administration includs
stertie aguecus or nen-aguecus solutions, suspensions, or emuisions. Sterile
compositions for injection can be formulated according o conventional
oharmaceuytical practice by dissolving or suspending the active subsiance in a
venicie such as water 1or injection, a naturally occurnng vegetadie ¢il ike sesame oil,
coconut oif, peanut oif, cotionseed oil, elc., or a synthetlic fatly vehicle like efhyi
gieate or the like. Buffers, preservalives, antioxidanis and the like may be
ncorperated as required. bExamples of non-aquecus solvents or vehicies are
oropyiene giycol, polvethyiene giveol, vegetable oiis, such as olive oil and corm oil,
geiatin, and injectable organic esters such as ethyl cleate. Such dosage forms may
aiso contain aduvants such as presemrving, wetling, emuisiving, and dispersing
agents. They may be stertized by, for exampie, filtration through a bactera-retaining
tiiler, by incorporating sterilizing agents into the compositions, by irradiating the
composiions, or by healing the compositions. They can alse be manufactured in the
form of steriie solid compositions that can be dissoived in sterie water, or some
other steriie injectable medium immediately before use.

[0031] The dosage of aclive agent in compositions of this disciosure can vary,
orovided that a therapeutic amount is administerad. Such therapeutic amount
generaily 1s the minimum dose necessary 1o achieve the desired therapeutic effect,
which can be, for example, that amount roughiy necessary 1o reduce the itching to
Wlerable levels. Desirably the aclive agent is administered 1o a patient (human or
animal) in need of such treatment in dosages that will provide optimal
oharmaceutical efficacy. The selected dosage depends upon the nature andg
severity of the disease or disorger {0 be {reated, 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 ihe disease, the patient s weight,
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spacial diets then being followed by the patient, concurrent medication, the
picavaiiability of the compound upon administration andg other factors which those
skilled in the art will recognize. Therapeutic doses are generally in the range of 0.1-
1000 myg/day and can be, for example, in the range of 0.1-500 mg/day, 0.5-500
ma/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
mg/day, with the actual amount {0 be agministered determined by a physician taking
into account the relevant circumstances nciuding the seventy of the ifiching, the age
and weight of the patient, the patient's general physical condition, the cause of
Hehing and the route of adminisiration. in some embodiments, the therapeutically
effective amount comprises a dosage of 0.10 mg, 0.15 mg, 0.20 mg, 0.25 mg, 0.5
mg, 0.75 mg, 1 mg, 2 mg, 2.5 mg, 3 mg, 4 mg, 5 mg, 6 mg, 7/ mg, 8 mg, 9 mg, 10
ma, 15 mg, 20 mg, 25 mg, or 30 mg one or more fimes a day. As a non-limiting
exampie, the compounds of the present invention may de administered by repeated
dosing or continuous dosing over a perod of at least three days, or for example, over
three days, four days, five days, six days, seven days, eight days, nine days or ien
days. As a further exampie, the compounds can be administered mullipie times a
day, such as twice per day, three times per day, four times per day or more.

(30321 In some embodiments, the dose of the compound is sufficient to reduce iich
and/or pruritus by at least 30%. In other embodiments, idch and/or pruritus are
reduced by at least 40%, 50%, 60%, 70%, 80%, 80%, or 100%.

130331 A pharmaceutical composition useful Iin 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 diuent that has supstantially no iong term or permanent detrimentai effect
when administered {0 a subject. Such an excipient generally is mixed with active
compound, or permiited 1o diiute or enclose the aclive compound. A camer can be g
solid, semi-solid, or iguid agent that acts as an excipient or vehicie for the active
compound. Exampies of pharmaceutically acceptable carriers and diluents include,
without Hmitation, water, such as distilled or deionized water saline; and other
aguecus media. {tis understood that the aclive ingredients can be soluble or can be
delivered as a suspension in the desired carrier or diluent.

[0034] In cerfain embodiments, a pharmaceutical formulation for use according to the

present disclosure is charactenzed by at least one of the foliowing teatures:
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il is adapied {0 be administered by oral, parenteral (e.¢., intramuscuiar,
intraperiioneal, intravenous or subcutaneocus injection, or impiant),
intrapulimonary {(e.g., by inhalation), nasal, rectal, transbuccal, fransdermail, or
topical routes of administration and can be formulated in dosage forms
appropnate for each route of administration;

. i is i unit dosage form, each unit dosage in an effective amount;

i, 11 is a prolonged release formuiation.
v, LS in a depot form which will release the compound siowly in the body, over a
praseiected time period,;

v. itis an omiment, cream, foam or spray intended for {opical use;

vi. it oplionally includes at least one additional therapeulic agent selected from UV

proteciants, analgesics, minor tranguilizers, and antl- inflammatory drugs.

130351 The present disclosure includes a composition containing at least one
compound in an amount effective in treating itch and/or prunius in a patient suffering
from dermatological and non-dermatoiogical conditions leading to such symploms
and ai least one pharmaceutically acceptable diluent, preservative, antioxidant,
solubtlizer, emuisifiers adjuvant or carner. More preferably, the composition is further
characterized by al least one of the features (i), (i), (1), (v} {v) and {vi}, set forth
aoove.
130361 In the composition with which the present invention is concemed, the
pharmaceutically acceptable diluents, preservatives, solubilizers, emuisifiers,
adjuvants and camers are those acceptable for phamaceutical formuiations. the
pharmaceutical composiion can include, it desired, one or mors agents such as
emulsitying agents, wetling agents, sweetening or flavorng agents, tonicity
adjusiers, preservalives, puffers or anii-oxidants. Tonicity adjustors useful in a
oharmaceuytical composition inciude salts such as sodium chioride, potassium
chionde, manmiol or giycerin and other pharmaceutically accepiable tonicity
adjustors. MPreservatives useful in the pharmaceutical compositions of the invention
nciude, without imitation, benzalkonium chiorids, chiorobutano!, thimerosal,
phenyimercurnc acetate, and phenvimercunc nitrate. Various puffers and means for
agjusting pH can be used 1o prepare a pharmaceutical composition, including, dut
not limited {o, 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 inciude, for exampie, sodium metabisuifite, sodium
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thiosuifate, acstyicysteine, butviated hydroxyanisole and bulylaled hydroxyitoluene. it
1S understood that these and other substances known in the art of pharmacology can
pe inciuded in a pharmaceutical composition useful in the nvention.

30371 For oral administration, the medicament may be utilized as e.¢. tablets,
capsuies, emuisions, solutions, syrups or suspensions. For parenteral
agministration, the medicament may pe utiized in the form of ampouies, or otherwise
as suspensions, solulions or emuisions I agueous or oily vehicles or patch. For
actopic use (topical administration) the medicament may be utilized in the form of
ointment, cream, gel, foam, solution, aerosol or spray. The medicament may be
water-bpased (aqueous) or organic-based. T he need for suspending, stabilizing
and/or dispersing agents will of course take account of the fact of the solubtiity or
otherwise of the active compounds, in the vehicles which are used in particuiar
empodiments. The medicament may addifionaily contain €.g. physicilogicaily
compatible preservatives and antioxidants. The medicament may aiso be utiized as
suppositories with conventional suppository bases such as cocoa butter or other
giveerndes.

130381 As described above, the present disclosure includes co-administering the
compounds described above at least one compound sslected from such compounds
described in US Patent Nos. US 7835710, US 8242183 and US 8589355 and
international Patent Specification No. WQO2007093880A2 and WQO2007093880A3,
may be administered in conjunction with {(i.e. simulianeously, separately or
seguentially) other compounds which are known in the art to be useful tor prolecting
the skin and for alleviating itch by reducing anxiety, improving sieep and reducing
pain, inciuding e.¢., at ieast one aaditional therapeulic agent selected from hypnotics
(benzodiazepines as well as non- penzodiazepines and melatonin agonists),
sedatives, anaigesics, minor tranguiiizers, and anti-inflammaliory drugs. Exampies of
sych additional therapeutic agents are protizelam, buspirone, diazepam,
diphenhydramine, doxepin, fluvoxamine, cionidineg, zoipidem, zopicione, Melatonin,
UV protectants (p-aminobenzoic acid, menthyl anthranilate, octyl methoxycinnamate,
titanium dioxide, et¢.) and pharmaceuticaily acceptable salts and combinations
thereof.

(00391 The additional therapeutic agent may be .¢., an anti-inflammatory
corticosieroid, such as dexamethasone or melatoninergic agents, at least one

compound selected from melatonin, other meiaionergic agents, meiatonin 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 electrical stimuiation, €.q. scheduling bright
Hght administration, ordinary-intensity ight exposure, or exposure o dim-ight or
darkness.

30401 1 1s understood that the instant disclosure encompasses compounds which
innidit, inter alia, channels involved in iich response. itis furtner understood that the
instant disciosure encompasses compounds which are either seleclive or non-
selective for such channels. In socme embodimentis, the compounds of the invention
are nighly selective for a channel invoived in ich response, and are characterized as
naving a potency of less than 900nM, 800nM, 700 nM, 600 nM, 500 nM, 400 nM,
300 nd, 200 ndM, 100 nM, 50 nM, 10 nM or 1 nM.

(30411 T he present invention also provides a method of screening for effective
agents that reduce itching, comprnsing identifving a compound believed {0 have
naving anti-itch activity, contacting the compound with a receptor invoived in the itch
response, and determining whether the compound has anli-iich activity.

P304 2] Many modifications and varnations of this invenlion can be made withoutl
departing from its spint and scope, as will pe apparent to those skilled in the arl. The
specific embodiments described herein are offered by way of example only, and the
invention 1s 10 be limited only by the terms of the appended claims, along with the full
scope of eguivalents {0 which such claims are entitied. All patents and publications
ciied herein are incorporated by reference.

H3043] The invention will be tllustraied by the following Examples.

EXAMPLES

Exampie 1

100441 Synthesis of N-[2-(1H-indol-3-yh~-ethyll-comanilanmide
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10045] Reaction Scheme for the Synthesis of N-[2-(TH-indol-3-yh~ethyll-

comaniiamide

a: DME, Py, TEA, DCC, NHS

General Procedure for the Synthesis of N-[2-(1H-indol-3-yh-ethyil-comanilamide
{30481 in a four necked round bottom flask (100 mL), tryptamine (0.85 g, 5.3 mmol})
was dissolved in DME (40 mb) and Py (0.9 mL) was added. The midure was stirred
30 minutes at room temperature then comanic acid (U.68 g, 4.8 mmol) was added,
followed by NHS (0.61 g, 5.2 mmol), DCC (1.1 g, 5.3 mmolb), TEA (0.7 mL, 586.1
mmol); the mixiure was stirred overnight, then checked by LC-MS. The brown
suspension was fillered on a gooch, washing the solid with water (100 mL). The
aquecus phase was extracted with CHxCUly (3X100 mL.), washed with brine {(2x10
mil}, dried over MgS(,, 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 CH:Cl {o give 0.48 g (4.8 mmol, vield 36%)
of product (1) as a light brown solid (LC-MS assay >85%).

10047 Expenmental data for N-[Z-(1H-indol-3-yi-ethyil-comaniiamide
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MS: m/z = 283 [M+H+

TLC: (Cy/EtOAC 1:9) Rf = 0.3

ETIR (em-1): 3330, 2925, 2851, 2353, 2118, 1240, 937, 741,
1H NMR (DMSO): 2.91 (m, 2H): 3.55 (m, 3H): .42 (m, 1H): 6.79 (m, 1H); 6.99 (m,
1HY: 7.07 (m, 1HY: 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

130481 Synthesis of N-{2-(5~-methoxy-indol-3-yh-ethyll-comanilamide

3
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100481 Reaction Scheme for the Synthesis of N-[Z2-(5-methoxy-indol-3-yii-athvil-

comaniiamige
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100501 General Procedure for the Synthasis of N-Z-(5-methoxy-indol-3-yh-ethyil-

comantamide

Under an argon atmosphere, a 100 mi three-necked flask round-botiom flask was
charged with comanic acid (500 mq, 1 eguiv.) and S>-methoxyiryplamine (/60 mg, 1.7
aquiv.), dissolved in DMF {25 mi), and brought to 0° C by means of an ice-bath.
HOBL (1-hydroxybenxotriazole monohydrate, 530 mg, 1.1 soguiv.), EDC {(1-(3-
dimethyiaminopropyh-3-etnyicarpodiimide hydrochionde, /50 mg, 1.1 eguiv.) and
triethylamine (1.25 mi, 2.5 equiv.} were then added under magnetic stiming. The
miixture was stirred for an additional 15 minutes at 0° © and subseguently allowed o
react for & h at room temperature. The reaction course was followed by HPLC-MS.
Water (50 mi) was then added and the mixiure was exiracted with dichioromethane
(3x50 mi). The combined organic phases were dried over Na;S0, and the solvent
was removed by rolary evaporation. the crude was then chromatographed over a
sifica gel column by eluting with dichioromethane/methanol 85/5. The product was

recoverad as a pright yellow solid (235 myg, vield 21%).
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10051 ] Expenmental data for N-[2-(5-methoxy-indol-3-yh-ethvil-comaniiamide
MS (ESE POS): 313 (M+H), 330 (M+H20), 335 (M+Na), 376 (M+Na+CHI3CN)

HPLC assay: 98%

1H NMR (DMSO-do, 400 MHz) 6 2.88-2.92 (m, 2H, CH2CHZNH), 3.48-3.53 (m, 2H,
CH2CHZNH), 3.75 (5, 3H, OCH3), 6.42 (dd, J1=2.3 Hz, J2=5.9 Hz, 1H, CH=CH),
6.71(Qd, 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 (4, 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=UH—{0), 9.04 {(brt, J=5.8 Hz, 1H,
CHZ2CHZNH), 10.65 (br s, 1H, NH).

Exampie 3

10521 Synthesis of 2-methyl-4-oxo-4H-pyran-3-yil [2-(5-methoxy-1H-indol-3-
viyethviicarbamate:

10053 Reaction Scheme for the Synthesis of 2-methyl-4-ox0-4H-pyran-3-yi [2-(5-
methoxy-1H-indol-a-yhethvlicarbamate

+ -
NH, Cl

o
; P )
a NH
ey ——  Qyek
o N
i 1

a: triethylamine, triphosgene, CH:Cl, 2h at 10°C.
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1. 2-methyl-4-oxo-4H-pyran-3-yi [ 2-{5-methoxy-1H-indol-3-yhethyilcarbamale
1303541 To a suspension of S-methoxyiryptamine hydrochioride (1g, 0.0044mol) in
CH=Cl (7mb tnethylamine (1.8mi, 0.0132mol) was added and the mixture stirred for
307 at room temperature. After the adgdition of maltol (0.5g, 0.0044mol} the reaction
mixiure was cooled in an ice-water path then triphosgene (0.4g, 0.0075mol) in
CHLCL (Tmi) was added, keeping the temperature below 10°C, and stirred for 2 h at
the same femperature. The mixiure was evaporated under reduced pressure {o give
an oily residue that was purified by flash chromatography (EtOAC-Cy, 80:20 {o
ETOAC 100) giving 500mg of pale-yellow solid. This solid was purified by a second
flash chromatography (VersaPak C18, Spherical, 23x53mm, HoO-MeQH, 6:4)
vielding 220mg of white foam that was washed with MTBE to give 150mg of 1 as a

white solid.

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

HEPLC Ir = 5.5 Assay > 95%

MS (ESH) m/z=343 [M+H1+

FTIR {(em-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 {t, 2H), 3.57 {g, 2H), 3.86 (5, 3H), 529 (1, 1H),
8.39 (d, 1H), 8.85-86.88 (m, 1H), 7.05 (d, 1H), 7.13 (d, 1H), 7.26 (d, 1H), 7.65 (d, 1H),
8.05 {bs, 1H).

Exampie 4

130551 Formalin injected in the nape of the neck was previously reporied to elicit
significant hinalimb scrateching in rats and mice, and formalin as well as pruniogens
alicited enhanced scratching in mice {acking a popuiation of nhibitory spinal
interneurons, suggesting that formalin-evoked nocifensive penavior may refiect itch
rather than, or in addition to, pain (Akiyama, Carstens et al. 2010). The anti-pruritus
activity of pyrone-indoie compounds were assessed using this model.

3056 Method. The noxious stimuius 18 an injection of dilute formakhin under the skin
of the dorsal surface of the night hindpaw. The response is the amount of time the
animais spend licking the injected paw 5-10 minutes (early phase), or 20-30 minuies

(late phase) afler the injection of formalin. Mice (N=8 per group} were mjected
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intraperitoneally with test compound {100 mg/kg), or morphine (4 mg/kg), or vehicie,
Thirty minutes later, formailin (20 ul 2.5 % in water) was injected by the subplantar
route into the night hindpaw. Hindpaw licking time was recorded in consecufive 5
minute-intervails durng the first 10 minutes {early phase), and from 15 to 35 minules
(late phase) after formalin injection.

13057 Results. The compound N-[2-(TH-indol-3-yi)-ethvii-comanilamide resulted in
innidition of the licking response by 57% in the early and 20% in the iale phase, both
statistically different from vehicle response. The compound N-{2-(1H-indol-3-yi}-
athvil-comanilamide resulted in inhibition of the licking response by 38% in the early
and 62% in the iate phase, both statistically different from vehicie response. The
compound Z-methyl-4-oxo-4H-pyran-3-yi [2-(5-methoxy-1H-indol-3-
viyethvllcarbamate resuited in inhibition of the icking response by 54% in the earily
and 8o% in the {ate phase, both statisticaily gifterent from venicie response.

10058] Conclusions. These resulis show beneficial effects of N-[2-(1H-indol-3-yb-
athyll-comanilamide, N-{2-{5-methoxy-indol-3-yh-ethyil-comaniamide and 2-methyil-
4-oxo-4H-pyran-3-yl [Z-(O5-methoxy-1H-indol-3-yhethyiicarbamate on iich induced by
formahn injection in the mouse. N-{Z2-(1H-indol-3-yh-ethvil-comaniiamide has

potential anti-itching effects in pruritus.

Exampie D

130581 Effects of N-[2-(TH-indol-3-yi)-ethvli-comanilamide, N-[Z-(5-methoxy-indol-3-
vi-ethvil-comaniamide and Z2-methyil-4-oxo-4H-pyran-3-yi {2-{5-methoxy-1H-indol-3-
viiethyllcarbamate on Nav1 . x Channels kExpressed in Mammalian Celis

100601 Method. A block of hNav1.x channels was measured using the stimuius
voltage pattern shown in FIG. 1; voltage potentials are indicated in Table 2, below.
The pulse patterm repeated twice: before and 5 minutes after N-[2-(1H-indol-3-yi}-
athvil-comanilamide, N-[Z2-(5-methoxy-indol-3-yh-ethvil-comaniamide and Z-methyi-
4-0X0-4H-pyran-3-yi [ Z-(o-methoxy-1H-~-indol-3-yhethyiicarbamate addition and peak
current amplitudes at 3 {est puises was measured (I1TFP1 and I TFZ2).

{3061 | Results. N-[2-(1H-indol-3-yi-ethyil-comaniamide, N-[2-(5-methoxy-indol-3-yi}-
ethyll-comanilamide and Z-methyi-4-oxo-4H-pyran-3-vi [Z-{O-methoxy-1H-indol-3-

yhethylicarbamate blocking effects on hiNavl.x channels (1 able 3) showing
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preferential inhibition of Nav1.7 channels by N-{Z-(1H-indol-3-yl}-ethyil-
comantiamide.
00621 Conclusions. These results show inhibition of Nav1.7 channels that mediaie

Heh response using the compounds of this disclosurs.

Table 2

6 20 N N N N N N N W 2 2 S N N 2 W W 2 2 - ﬂ"“ W N N 2 0 0 2 2 N 2 N 2 N 2 0 0 N 2 N N N 2 W 2 W 2 2 W 2 N 2 W N 2 N 2 N 2 2 N 2 2 2 N 2 2 N 2 N 2 W 2 Y W N 0 2 G 2 2 2 G 2 W N 2 N 2 N 2 2 2 W Y N W N N 2 N 2 N 2 N 2 N N N 2 2 2 "

Holding | 200-ms | 1800-ms 200-ms | 5.?;‘;3
Channel . Potential Fre-Fulse fest | inter | Pulse 2
Fotential Puise 1 | Pulse | .
(mV) (V) mv) | (myy | Potential
________________________________________________________________________________________________________________________________________ b {mV)
....... A O O T - 2 . . I .
Nav1.8/beta3 | | -80 -120 20 G0 20
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Test Articie 1D | Type of | G50, mM
the block

Navi1. | Nav1. | Navi. | Nav1. | Nav1. | Nav1. | Navi. Nav"i
8*’%:33

2-metnyl-4- Tonic: >1OO >"EQQ >1QO >1OO >1OO >"EQQ >1QO >1OO

OXO~4H~Dyran-
lllll 1332

3-yi {2-(5-

methoxy-1H+-
INAoI-3-
yiyethyllcarbam

inactivat
aed State

ate

Exampie ©
10063 Effect of N-[2-(1H-indol-3-yh-ethvili-comanilamide, N-[2-{5-methoxy-indol-3-yi)-
ethyil-comanitamide and 2-methyi-4-oxo-4H-pyran-3-yi [Z2-{5-methoxy-1H-indol-3-

vilethvilcarpamate on TRPFPV1 channels.

130641 Method. The ability of N-[Z2-(1H-indol-3~-yl)-ethyll-comanilamide, N-[2-(5-
methoxy-indoi-3-yi-ethyil-comanilamide and Z-meihyi-4-oxo-4H-pyran-3-yi { 2-(5-
methoxy-1H-indol-3-yhethyllcarbamate to act as antagonists of TRFV1 was
avaiuated with a calcium influx assay. The signal elicited in the presence of the
positive control agonist (0.1 ul capsaicing was set to 100% and the signal in the
presence of the antagonist (0.1 uM capsaicin + 3uM ruthenium red) was setto .
Values were considered significant it the test article mean was three or more
standard deviations away from the positive control agonist mean {i.e., greater than
37.74% inhibition).

1 0065] Results. N-[Z-(1H-indol-3-yi}-ethvil-comaniiamide, N-[2-{5-methoxy-indol-3-yi}-
athvil-comanilamide and Z2-methyi-4-0xo-4H-pyran-3-yi 1 2-{5-methoxy-1H-indol-3-
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yhethylicarbamate (10 uM) had a significant inhibitory effect {i.e. 237.74% inhibition)
on T RPY1T mediated caicium influx {Table 2).

 Test Article | Testconc | Normalized | SD | Normalized | SD

: () % Activation | | % inhibition
o L
i NAo-3-yi)- 0.5 11.83 1.79 | 2.44 7 O
syl 1T1@5 1661 """ 3112 """"""""""" ER: N
comanilamide 5 ENZE 00 (2608 KGR
i 10 j1013 108 (3774 | E57

 TestArticle | Testconc | Normalized | SD | Normalized |SD
: (K1) Yo Activation % Inhibition :
N-[2-(5 T011812T4 R R Tes
e L
ndolay)- [T 404450 (A58 A
S 51292A5 08 2539 0 7 v
comaniiamide 10136?‘%52 “““ TSEG T B
TeAde [T [Nomained 55 Nomaesd [55
: conge Yo Yo nnibition

i (M) Activation

Dmetyidoe |04 | 1265 535|785 1057
gy el LGN Ll
(Gmethoxy-iH- T 276 686 (4510 | o
naoks S 5.75 2.03 | 44.60 5 472
yhetnyljcarbamate 10 “““““““““ 1226 SETTaTE TR

{3066 Conclusions. The compounds of the invention are able (o inhibit TREFV
channels that are invoived in itch response.

Example
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{00671 Preparation of a {opical N-[Z2-(1H-indol-3-yh-ethvil-comaniiamide cream.
30681 A cream formulation for topical application of N-[Z-(1H-indol-3-yi)-ethyli-
comantamide was prepared by heating 50g shea bufter, 500 coconut oil In 8 mason
jar until the oils melt and added 39 (3%) N-{2-(1H-indol-3-yh-ethyll-comanilamide
unti it1s dissolved in the olis. The cream was cooled and subseguently whipped on

nigh speed mixer for several minutes for sotter texture.

Exampie 8

[3068] Analgesic/Anti-pruritus Effects in Humans

30701 The anti-prunitus effect of N-[2-(TH-indol-3-yh-ethvil-comanilamide was tested
using the UVEB sunbum model (R. Rolke et al. (2006), Quantiiative sensory testing in
the GGerman Research Network on neuropathic pain (DFNS): standardized protocol
and reference values, Fain, 123, 231-243) used as an art-accapted surrogate moded
of itch (Andersen et al., Acta Derm Venereol. 2015, 85(7). 7 71-7. Human surrogate
models of histaminergic and non-histaminergic itch.).

00 71] Twenty four young male subjects (18 - N-{2-(1H-indol-3-yi}-ethyii-
comantiamide in escalaled doses (300mg-900mg) and 6 in the placebo group), were
exposed {0 ihree times the minimal erythema dose (MED) of UVE light on an
approximately 4 x 4 cm area on the upper part of the leg in the moming of Day {(-1)
pore-dose on Day 1 and 2.5 hours post — dose on the UVB-iradiated area.

100721 UVE irradiation causes skin inflammation which 1s noxious and slicits
pronounced miiammation related temperature and mechanical hyperaigesia at ihe
UVB-irradiated site. This hyperaigesia peaks at about 20-24 hours post iradiation
after which it slowly subsides. Quantitative sensory testing (QST) assesses

characteristic sensory patterns in pain and pruntus models.

100731 The UVE irradiated skin was obtained by irradiating the marked area
(approximately 4 x 4 cm) of the skin of the upper part of the nght leg by three times
the MED as determined during the screening. his was gone approximately 20 hours

orior to dosing.

130741 Cold pain thresholds (CPT) were determined. The mean threshoild

temperature of five consecutive measurements was caiculated. All thresholds were
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obiained with ramped stimuli {1 C/8) that were terminated when the subject pressed

a putton.

10075 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). Thresnholds were determined by the method of imits with the geometric

mean of a series of 5 ascending and descending stimulus intensities.

130761 The resuifs were as follows:

Cold pain thresholds levels, pre and post sunburn and 2.5h post N-{2-{1H-
indol-3-yi ethvii-comaniiamide administration.

CPT (°C) | Pre | Post 2 5h Post '
sUnburm sUnbum rug
| Administration

500mg 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-ingoi-d-viethyil-comanilamide adminisiration.

MOT feef

i-
¢ *
+*
.
*
a
.........................................................................................................................................................................................

adaminisiration

- Change
from
Baseling” -12.13

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

(.84 -8.57

*Haseline - Day {-1)} before the sunbum.

G771 Conclusions. These results clearly demonstrated the analgesic/anti-pruritus
effects of N-{2-(1H-indol-3~-yh-ethyll-comaniiamide in human testing, with a peak

response at 2.5h post dosing.
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100781 Varnious embodiments of the invention comprise:

37911, A method for treating a subject suffering from itch or prurntus, comprising
agminisiering ¢ the supject a composition comprising an effective amount of 3
compound having the formula

Af—B—AT {})

wherain:

~i3 represents:

LG C A

wherain:

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

Y represents oxygen, suiphur, >NH or is absent,

Z represents >(C=0, >0 or >CO0 oris absent, and wherein at ieast one of X, Y and
2. must be present;

Ar represents an indole nucieus rng system:

p. LRy §
S N
SO A
RO ‘n:-‘ Siaiae o T
o ' I
i YT ) A
g SNy O
™ ?l..n-'
3 AV
A o
S

wherein each of Ry.4 substitutes the ring system Ar at any avaiiable posiion
(nciuding the N-posilion) and each of R~y substitutes the ning system Ar at any
availapble position and wherein each of Ry and Ry independently represents
nvdrogen, oxygen, halo, halo-Cs alkyl, aryl, acyl, a sy heterocyclic group
containing 1-3 hetero atoms independently selected from nitrogen, oxygen or
sulphur, a Ce.g heteroaryl group containing 1-3 hetere atoms independently selected
from nitrogen, oxygen or sulphur, Cqs alkyl, Cos alkenyl, Cos atkynyl, aryl- Cq5 alkyl,
aryl- Cos alkenyl, aryl-Uqs alkynvl, hydroxy-C s alkyl, nitro, amino, cvano, cyanamide,
guanidine, amidino, acylamido, Cq.z alkylamine, G5 alkyiamido, hydroxy, thiol,
acyloxy, azido, Cqs alkoxy, carboxy, carbonviamido or styryl, wherein said aryialkyl,
arvialkenyi, aralalkynvi, or styryl group optionaily can pe ring-substituted by ene to
four substituents independently selected from the group consisting of hydrogen,

halo, halo-Cq.s alkyl, aryl, a Cs.7 heterocyclic group containing 1-3 helero atoms
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indepeandently selected from nitrogen, oxygen and sulphur, a hetercaryt group
containing 1-3 hetero atoms independently seiected from nitrogen, oxygen and
sulphur Cqs alkyl, Caos alkenyl, Cog atkynyl, arvl-Cq.s altkyl, arvl-Co.5 altkenyl, aryl-Co.
satkynyl, hydroxy-Cas alkyl, nitro, amino, cyano, cyanamido, guaniding, amiding,
acylamido, hydroxy, thiol, acyioxy, azido, ailkoxy, carboxy, carbonviamido, S-alkyl or
alkyithiol;

and either of Ky or R further can inciude or represent a bond 10 &,

wherein Ar can be bonded {0 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
Al ring not substituted by Ky and Ky

or & salt. steregisomer, or racemic mixiure thereof.

308012, The method of embodiment 1, wherein X is ~(CHo)n, whereinnis G-6, Y is
>NH or >0 and Z is >C0O.

1308113, The method of embodiment 1 or 2, wherein Ar' is an aipha-pyrone ring
system.

1308214, The method of any of embodiments 1 to 3, wherein Ar is a beta-pyrone
fNg sysiem.

338315, The method of any of embodiments 1 1o 4, wherein Ar' s a gamma-pyrone
Mng system.

1308410, The method of any of embodiments 1 1o 5, wherein X 1s ~(CHy),, Y is >NH
or >0, and £ is >C0, Aris an indole ring; K; i1s a bond {0 X on position 2 of the indole
fng; Ry s hydrogen or a methoxy group on position 5 of the indole ring, and each of
Ko and Ky is hydrogen, Ar s a gamma-pyrone ring bonded 0 £ at position 2 of the
DYrone rng; K4 s hydrogen or a hydroxy group on position 5 of the pyrone ring; and
Ko 1S hydrogen or a carboxy group on position © of the gamma-pyrone ring; or a
oharmaceuytically accepiabie sall, steregisomer, or racemic mpdure thereof,
{33851 7. The method of any of embodiments 110 6, wherein X 18 ~{CHo)y, Y i5 >NH
or >0 and Z is >C0O0; Aris an indole ring; K3 is a bond to X on position 3 of the
indole rng; Ry s @ methoxy group at position 5 of the indole ring and each of K, and
R4 18 hydrogen; Ar s an gamma-pyrone ring supstituied by Z at posiion 4 of the
oyrone ring; and Ky, and Ky are each a methyl or hydrogen; or a pharmaceutically
acceptable salt, sterepisomer, or racemic mixiure thereof,

(308818, The method of any of embodiments 1 10 7, wherein the composition is

turther characterized by at least one of the folilowing features:
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(1} it 1S adapted for oral, rectal, parenteral, transpuccal, intrapulmonary {e.g. by
inhaiation) transdermal or topical agministration;

() it 1s in unit deosage form, each unit dosage comprising an effective amount of said
compound;

(111} LIS a prolonged release formudation;

(v} 1L 1S 1IN a depot form whnich will release the compound siowly in the body, over g
preselected ime period;

(v itis an ointment, cream, gel, emulsion, ol, foam, sciution or aerosol spray
suttabie for topical use;

(vi} il further comprises at least one additionatl therapeulic agent selected from a UV
protectant, an analgesic, a tranguilizer, a vasoconsirictor, a vasodilator, and an anti-
inflammatory agent.

1308719, The method of any of embodiments 1 to 8, wherein the composition
comprises at least one pharmaceuticaily acceptable diluent, preservative,
antioxidant, sciubilizer, emulsifier, geling agent, adjuvant or carrier.

(3088110, A pharmaceutical composition comprising an effective amount of a
compound having the formuia:

ApeB AT (H)

wherein:

~B— represents:

e Gl G

wherain:

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

Y represents oxygen, suiphur, >NH or s absent;

Z represents >C=0, >0 or >CO0 or is absent; and wherein af least one of X, Y and

Z must be present;

AT CCCCE e .

N N,

£ A

'\\\ ‘;’ . -'i'{:'}‘-‘.\".?‘\'ﬁ'q

£ ; \2' i -_‘{: -?.‘-.-'..".‘.'.‘.‘. \
B e .. %‘; t% .
", : }‘.'.4-.

.-.‘.‘b‘. 1\
S A3
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wherein each of Hy4 substitutes the rnng system Ar at any avatiable position
(nciuding the N-position) and each of R-Ky supstitutes the nng system Ar at any
available position and wherein each of K4 and Ry independently represents
hydrogen, oxygen, halo, halo-Cqs alkyl, arvl, acyl, a Csy heterocyclic group
containing 1-3 hetero atoms ndepeandently selected from nitrogen, oxygen or
sulphur; a Csg hetercary! group containing 1-3 hetero atoms independently selected
from nitrogen, oxygen or sulphur, Cqgalkyl, Cosalkenyl, Cog atkynyl, arvi- C4.5 alkyl,
arvi- Cos alkenyl, aryl-Cq.s alkynyl, hydroxy-Cq.s altkyl, nitre, amino, cyano, cyanamide,
guanidine, amidino, acylamidoe, Cq.s alkvlamineg, Cqs alkylamido, hvdroxy, thiol,
acyloxy, azido, Cq.s alkoxy, carboxy, carbonyiamido or styryl, wherein said arylalkyl,
arvialkenyl, aralalkynyl, or styryl group optionally can be nng-substitutied by one o
four substituents independently selected from the group consisting of hydrogen,
halo, halo-Uqs alkyl, aryl, a Cs.y heterocyclic group containing 1-3 hetero atoms
independently selected from nitrogen, oxygen and sulphur, a heteroaryl group
containing 1-3 hetero atoms indapendently selected from nitrogen, oxygen and
sulphur, Cqs alkyl, Cos alkenyl, Cos alkynyl, arvl-Cq.s alkyl, arvi-Co.s altkenyl, aryi-Cs.
satkynyl, hydroxy-Cos alkyl, nitro, amino, cyano, cyanamido, guanidino, amiding,
acylamido, hydroxy, thiol, acyioxy, azido, aikoxy, carboxy, carponyiamido, S-alkyl or
aikyithiol;

and either of R; or Ky further can inciude or represent a pong o B,

wherein Ar can pe bonded {0 B at any position on the five-membered ring poriion of
the Ar ring, including the N-position, and Ar can be bonded 10 B at any carbon on the
Ar ring not substituted by Ry and Ry or a salt, stereoisomer, or racemic mpdure
thereof, and at least one pharmaceutically acceptable diuent, preservative,
anfioxidant, soiubilizer, emulsifier, geliing agent, agjuvant or carrier;

wherein the pharmaceutical composifion:

(1) 1s adapted for oral, rectal, parenteral, transbuccal, intrapulmonary (8.g. by
inhalation) transdermail or topical adminisiration;

(1) 18 I unil dosage form, each unit dosage comprising an effective amount of said
compound;

(1} 1S 8 prolonged release formuiation;

(v} IS 1IN a depot form which will release the compound siowly in the body, over 3

preseiecied time period;
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(v} 1S an cintment, cream, gel, foam, emuision, o, solulion, or spray suilabie for
topical use;

(vi} further comprises at least one additional therapeutic agent selected from a UV
protectant, an anaigesic, a tranguiiizer, a vasoconstrictor, a vasodilator, and an anti-
inflammatory agent; and/or

(vil) 1S & soiid dosage form for oral agdminisiration.

13088111, The pharmaceutical composition of embodiment 10, wherein the
composiion is an oral dosage form seiected from capsules, tabiels, piils, powders or
granuies.

(00901 12, The pharmaceutical compaosition of embodiment 10 or 11, wherein the
compound of formula | is admixed with at least one inerl pharmaceutically
acceptable carrer selected from sucrose, lactose, or starch.

13091113, The pharmaceutical composition of any of embodiments 10 10 12,
wherein the composition further comprises one or more ubricaling agents.
103092114, The pharmaceutical composition of any of embodiments 10 to 13,
wherein the composiion comprises magnesium stearate.

13093115, The pharmaceutical composttion of any of embodiments 10 {o 14,
wherein the composition comprises one or more adjuvants.

13394116, The pharmaceutical composition of any of embodiments 10 t0 15,
wherein the composition comprises gum tragacantn, acacia, com starch or geiatin.
13095117, The pharmaceutical composition of any of embodimentis 10 to 16,
wherein the composition comprises at least one of an excipient, a disintegrating
agent, a lubricant, a sweetening agent, and a tiavoring agent.

13096118, The pharmaceutical composttion of any embodiment 17, wherein the
excipient 1s microcrystaliine celiuiose.

3097119, The pharmaceutical composition of embodiment 17, whereain the
disintegrating agent 1s cormn siarch, pregelalinized starch, aiginic acid, or a
combination thereof

100981 20. The pharmaceutical composition of embodiment 17, wherein the
sweaetening agent s sucrose, lactose, saccharin or a compimnation thereof,
13099121, The pharmaceutical composition of embodiment 17, wherein the flavoring
agent is peppermint, oil of wintergreen, cherry, or a combination thereof,

(301007 22. The pharmaceutical compaosition of any of embodiments 10 to 21,

turther comprising at ieast one bpuftering agent.
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01013 23. The pharmaceutical composition of any of embodiments 10 (o 22,
further comprising a fatly oil.

[00102] 24. The pharmaceutical composition of any of embodimenis 10 {o 23,
wherein the composition is a {opical formulation in the form of an cintiment, gel,
cream, emuision, oil, foam or spray for dermal application.

130103 25, The pharmaceutical composition of any of embodiments 10 {o 24,
wherein the compound is administered in the form of a medicament, which
comprises also at least one pharmaceutically acceptable diluent, preservative,
antioxidant, sciubihizer, emulsifier adjuvant or camer.

[00104] 28. The pharmaceutical composition of any of embodimenis 10 {o 25,
wherein the medicament s further characlenzed by at least one of the following
teatures:

(1) It 15 adapted for oral, recial, parenteral, transbuccal, infrapulmonary (e.¢g. by
inhalation) fransdermal or ectopic administration;

(i) 1 is in unit dosage form, each unit dosage comprising an amount of said at least
one compound at effective dose;

(i} i s a proionged release formulation;

(v} i 1S in a depot form which will release the compound siowly in the body, over &
preselected time period;

(v} it 1S an ointment, cream, foam or spray intended for eclopic use

(vi} i comprises aiso atl least one additional therapeutic agent selected from UV
protectants, analgesics, minor tranguilizers, and antl- inflammatory drugs.

FO03105] 27. The method of any of embodiments 1 t¢ 8, wherein the compound
1S seiected from the group consisting of N-{Z2-(1H-ingol-3~yii-ethyil-comanilamide, N-
Z~-{5-methoxy-indol-3-yh-ethyil-comaniiamide, and Z-methyi-4-oxo-4H-pyran-3-yi [2-
(5-methoxy-TH-indol-3-yhethylicarbamate.

0106] 28. The method of any of embodiments 1 1o 8, wherein iich or prurnius
s reduced.

0107] 28. The method of any of embodiments 1 {0 8, whersin the subject is &
numan.

1301 08] 30. The method of any of embodiments 1 to , wherein the compound
inhibits Nav1./ channeis.

{00109 31. The method of any of embodiments 1 {0 8, wherein the compound
innidits TRPY channeis.
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301103 32. The pharmaceutical composition of any of embodiments 10 1o 26,
wherein the compound is selecied from the group consisting of N-[Z-{TH-indoi-3-vi}-
ethvil-comanilamide, N-{Z-{(5-methoxy-indol-3-yih-ethyil-comaniamide, and Z-methyi-
4-0X0-4H-pyran-3-yi [ 2-(5-methoxy-1H-indol-3-yhethylicarbamate.

30111 33. The pharmaceulical composition of any of embodiments 10 1o 26,
wherein the composition comprises the compound of formuia | in an amount
sufficient 10 reduce {ch or pruriius in a patient in need of such reduction.

001127 34. The method of any of embodiments 1 (o 9, wherein the subject

suffers from acute prurtus.

00113] 35, The method of any of embodiments 1 1o 8, wherein the subject
suffers from chronic prurtus.

301147 3G. The pharmaceulical composition of any of embodiments 10 10 26,
wherein the compound inhipits Nav1./ cnannels.

H30115] 37. The pharmaceulical composition of any of embodiments 10 {0 £,
wherein the compound inhibits TRPY channels.

301167 38. A cream formulation for topical application comprising shea putter,
coconut oif, and a therapeutically effective amount of g pyrone-indole derivative.
001173 39, The cream formulation of embodiment 38, wherein the pyrone-
indole derivative s N-{Z-{1H-indol-3-yi}-ethyll-comaniamide.

130118} 4(3. The cream formulation of embodiment 39, wherein the
concentration of the N-[Z-(1H-indol-3-yh-ethyil-comaniiamide i1s 3%.

301197 All citations {e.q., scientific journal publications, patents, and other
reference maternal) mentionead herein are hereby incorporated herein by reference o
the same extent as if each individual citation was specifically and individually
indicated {0 be incorporated by reference.

01207 vhile particular embodiments of the invention have been particularly
described hereinabove, it will be appreciataed that the present invention is not imited
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

detalied herain are deemed {0 be obvious eguivalentis of the present invention.
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| clamm:

1. A method for treating a supject sulfering from ich or prunius, compnsing
agministering to the subiect a composition comprising an effective amount of a

compound having the formula
Al—B—AT (1)
whHerain:
e fFeeme FEPTESENES!
oo Koo e e,
wherain:
X represents —{(CH2), (Wherein n is 0-86);
Y represents oxygen, sulphur, >NH or is absent;

L represents >C=0, >0 or >C0O0 oris absent; and wherein at least one of X

Y and £ must be present;

Ar represents an indoile nucieus nng system:
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wherein each of K4 supstitutes the rnng system Ar at any available position
(nciuding the N-position) and each of R-Ky supstitutes the nng system A at any
available position and whersin each of K44 and Ry independently represents
hydrogen, oxygen, halo, halo-Cqs alkyl, arvl, acyl, a Csy heterocyclic group

containing 1-3 hetero atoms independently selected from nitrogen, oxygen or
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sulphur; a Cag heteroaryt group containing 1-3 hetero atoms independently selected
from nifrogen, oxygen or sulphur, Uy alkyl, Cog alkenyl, Cos alkynyl, aryl- Cq.5 alkyl,
aryi- Coz alkenvyi, aryi-Cis alkynyl, hydroxy-Cqs alkyl, nifro, amino, cyano, cyanamide,
guanidine, amiding, acylamido, Cq.5 alkylamine, Cq5 alkylamido, hydroxy, thiol,
acyloxy, azido, Cq.s alkoxy, carboxy, carbonviamido or styryl, wherein said arylalkyi,
arviaikenyt, aralalkynyl, or styryl group optionaily can be nng-substifuted by one {0
four substituents independently selected from the group consisting of hydrogen,
halo, halo-Ch.s alkyl, arvl, a Cs.7 heterocychic group containing 1-3 hetero atoms
ndepandently selected from nmitrogen, oxygen and sulphur, a heteroaryi group
containing 1-3 hetero atoms independently selected from nitrogen, oxygen and
sulphur, Cqs alkyl, Cog alkenyl, Cos alkynvl, arvi-Cqs altkyl, arvl-Cos altkenyl, arvi-Co.
satkynvl, hvdroxy-Cqss alkyl, nitro, amino, cyano, cyanamido, guanidino, amiding,
acylamido, hydroxy, thiol, acyloxy, azido, alkoxy, carboxy, carbonviamido, S-alkyl or
atkyithiol;

and either of R, or Ry further can include or represent g bond 1o B,

wherein Ar can be bonded to B at any posifion on the five-membered rng
portion of the Ar ring, incliuding the N-position, and Ar can de bonded 1o B at any

carbon on the Ar' ring not substituted by Ky and Ky
or a sait, sterecisomer, or racemic mpdure thereof.

2. The methed of claim 1, wherein X is -{CHs),, wherein nis 0-6, Y is >NH or >0
and Z is >C0.

3. The meihod of claim 2, wherein Ar is an aipha-pyrone ring system.

4. The method of claim £, wherein Ar 18 a pbeta-pyrone ring sysiem.

5. The method of claim 2, wherein Ar 1S & gamma-pyrone rng system.

6. The method of claim 1, wherein X 18 -(CHy)n, Y is >NH or >0O, and 2 i5 >CO, Ar
IS an indole rnng; Ks is a pond to X on position 3 of the indole ring; =4 18 hydrogen
Of a methoxy group on position 5 of the indole ning, and each of K, and K, is
nvarogen; Ar s a gamma-pyrone ring bonded (o £ at position 2 of the pyrone

nng; X4 18 hydrogen or a hydroxy group on posiiion 5 of the pyrone ring; anda
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Ro IS hydrogen OF a carboxy group on position 6 of the gamma-pyrons 1ng; or a

charmaceutically acceptable sait, sterecisomer, or racemic mixture thereof.

7. The method of claim 1, wherein X 18 -(CH2)p, Y is >NH or >0 and Z is >COO; Ar
IS an indole nng; Ks is a bond o X on position 3 of the indole rng; K418 a
methoxy group at position S of the indole nng and each of Ko and Ry I8
nvadrogen: Ar s an gamma-pyrone nng substifuted by £ at position 4 of the
oyrone rnng; and Ky, and Ry are each a methyl or hydrogen; or &

charmaceutically acceptable salt, sterecisomer, or racemic mixture thereof.

3. The method of claim 1, wherein the composition is further characternzed by at

ieast one of the following features:

(1) it 1S gdapted for orai, rectal, parenteral, transbuccal, intrapuimonary {(e.g. by

inhatation) transdermat or {opical administration;

(1) it 1S in unit dosage form, each unit dosage comprising an effective amount of

said compound;
(i) 1t is a prolonged release formuiation;

{iv} I 15 1N a depot form which will release the compound siowly in the body, over

a preselected time pernod;

(v} 1118 an ointment, cream, gel, emuision, oil, foam, solution or aerosol spray

suifable for topical use;

(vi} Il furtner comprises at ieast one agditional therapeutic agent sejected from a
UV profectant, an analgesic, a tranguiiizer, a vasoconstrictor, a vasodiiator, and

an anti-infiammatory agent.

9. The method of claim 1, wherein the composition comprises at least one
charmaceulically acceptable diuent, preservative, antioxidant, solubilizer,

emuisifier, gelling agent, adjuvant or carrer.

10. A pharmaceutical composilion comprising an etffective amount of a compound

having the formuia;

Al AT (1)
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wherein:

—— represents:

e R e e,

wherein.

A represents —(UHy ), (wherein n is 0-0);

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

Z represents >C=0, >0 or >C0O0 oris absent; and wherein at ileast one of X,

Y and £ must be present;

Ar represents an indole nucieus ring systenm:
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wherein each of Ry substiiutes the ring system Ar at any avaiiaple posiion
(nciuding the N-position) and each of Ry~-Ry substitutes the ring system Ar at any
available position and wherein each of Kq.4 and Ry independently represents
hvdrogen, oxygen, halo, halo-Cs alkyl, aryl, acyl, a Cs.7 heterocyclic group
contamning 1-3 hetero atoms independently selected from nitrogen, oxygen or
sulphur; a Ce.g heteroaryl group containing 1-3 hetero atoms independently selecied
from nitrogen, oxygen or sulphur, Cqs alkyl, Cos alkenyl, Cos atkynyl, aryl- Cq5 alkyl,
aryl- Cos alkenyl, aryl-Uqs alkynvl, hydroxy-C s alkyl, nitro, amino, cvano, cyanamide,
guanidine, amidino, acylamidoe, Cq.z alkylamine, Cys alkylamido, hydroxy, thiol,
acyloxy, azido, Cq.s alkoxy, carboxy, carbonviamido or styryl, wherein said aryialkyi,
arvialkenyl, aralalkynyi, or styryl group optionally can be ring-substituted by one (o
four substituents independeantly selected from the group consisting of hydrogen,

halo, halo-Cq.s alkyl, aryl, a Us.7 heterocychic group containing 1-3 hetero atoms
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indepeandently selected from nitrogen, oxygen and sulphur, a heteroaryi group
containing 1-3 hetero atoms independently seiected from nitrogen, oxygen and
sulphur Cqs alkyl, Caos alkenyl, Cog atkynyl, arvl-Cq.s altkyl, arvl-Co.5 altkenyl, aryl-Co.
satkynyl, hydroxy-Cas alkyl, nitro, amino, cyano, cyanamido, guaniding, amiding,
acylamido, hydroxy, thiol, acyioxy, azido, ailkoxy, carboxy, carbonviamido, S-alkyl or
alkyithiol;

and either of R or Ry further can include or represent a bond 1o B,

wherein Ar can be bonded to B at any position on the five-membered 1ring
portion of the Ar ring, including the N-posttion, and Ar' can be bonded to B at any
carpon on the Ar ring not substituted by Ky and Ry or a sail, stereoisomer, or
racemic mixture thereof, and at least one pharmaceutically accepiable diiuent,

preservalive, antioxidant, solubilizer, emulsifier, gelling agent, adjuvant or carner;
wherein the phamaceutical composition:

(1) 1S adapied for oral, rectal, parenteral, transbuccal, intrapuimonary (€.q. by

inhalation) transdermal or topical administration;

(1) 1S in unif dosage form, each unit dosage comprising an effective amount of

said compound;
(i) 1S @ proionged release formuiation;

(v} 15 1IN 8 depot form which wiil release the compound slowly in the pody, over 3

preselected time perod;

(v} 15 an cintment, cream, gel, foam, emuision, oi, solution, or spray suitable for

iopical use;

(vi) further comprises at least one addiional therapeutic agent selected from a
UV proteciant, an anaigesic, a tranguilizer, a vasoconstrictor, a vasodiiaior, and

an anti- inflammatory agent; and/or
(vii} 1S a solid dosage form for oral adminisiration.

11. The pharmaceutical composition of claim 10, wherein the composition IS an oral

dosage form selecled from capsules, tablets, pilis, powders or granules.



CA 03033534 2015-02-11

WO 2018/037295 PCT/IB2017/053989
40

12. The pharmaceutical composition of claim 11, wherein the compound of formuia |

s admixed with at least one inert pharmaceutically acceptable carner selected from

SUCTose, iaciose, oF starch.

13. The pharmaceutical composition of claim 12, wherein the composition turther

comprises one or more lubricaling agents.

14. The pharmaceutical composition of claim 11, wherein the composition

CoOmprises magnesium stearaie.

15. The pharmaceutical compaosition of claim 11, wherein the composition

COMprises one or more adjuvanis.

16. The pharmaceutical composition of claim 11, wnherein the composition

comprises gum tragacanth, acacia, corn starch or gelalin.

17. The pharmaceutical composition of claim 11, wherein the composition

comprises at least one of an excipient, a disintegraling agent, a lubricant, a

sweeaiening agent, and a flavoring agent.

18. The pharmaceutical composition of ¢laim 17, wherein the excipient 1s

microcrystalline celiuiose.

19. The pharmaceutical composiiion of claim 1/, wherein the disintegrating agent (s

comn starch, pregeiatinized starch, aiginic acid, or a combination thereof.

20. The pharmaceutical composiiion of claim 1/, wherein the swesiening agent is

SUCrose, {actose, saccharn or a combination thereof

21. The pharmaceutical composition of claim 17, wherein the flavoring agent is

pneppermint, ol of wintergreen, cherry, or a compination thereof,

22. The pharmaceutical composition of claim 11, further comprising al least one

puftenng agent.
23. The pharmaceutical composition of claim 11, further comprising a fatty oil.

24, The pharmaceutical composition of claim 10, wherein the composition is &
topical formulation in the form of an cintment, gel, cream, emuision, oil, foam or

spray for germai application.
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25. The pharmaceutical composition of claim 24, wherein the compound is

20,

administered in the form of a medicament, which comprises aiso at least one
charmaceulically acceptable diluent, preservative, anfioxidant, solubilizer,

emuisifier adjuvant or carrier.

The pharmaceutical composition of claim 25, wherein the medicament 1s turther

characterzed by at least oneg of the following features:

(1) it 18 adapled for oral, rectal, parenteral, transbuccal, intrapuimonary (e.g. by

inhatation) transdermal or ectopic administration;

(1) it 18 in unit dosage torm, each unit dosage comprising an amount of said at

least one compound at effective dose;
(i 1t is a prolonged release formulation;

(v} I I8 In a depot form which will release the compound siowly in the body, over

a preseiected time period;
(v} i1 1S an ointment, cream, foam or spray iniended for ectopic use;

{(vi} If comprises also at least one additional therapeutic agent selected from UV

orotectants, anaigesics, minor tranguilizers, and anti- inflammatory drugs.

27. The method of claim 1, wherein the compound is selecied from the group

consisting of N-{2-(1H-indol-3-yh-ethyll-comaniiamide, N-{Z2-(5-methoxy-indol-3-yi)-

agthvil-comanilamide, and Z-methyi-4-0xo-4H-pyran-3-yl {Z2-(5-methoxy- 1H-indol-3-

yiyethyilcarbamaie.

28. The method of clam 1, wherein Heh or pruritus s reduced.

29. The method of ciaim 1, wherein the subject 1s a human.

30. The method of claim 1, wherein the compound inhibits Nav1.7 channels.

31. The method of claim 1, wherein the compound inhibits TRPV channels.
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32. the pharmaceutical composition of claim 10, wherein the compound is selectad
from the group consisting of N-[Z2-{TH-indoi-3-vi}-ethyil-comaniiamide, N-{2-{5-
methoxy-indoi-3-yi-ethyll-comanilamide, and Z2-methyl-4-oxo~-4H-pyran-3-yi [Z2-(5-
methoxy-1H-indol-3-yhethyllicarbamale.

33. The pharmaceutical composition of claim 10, wherein the composition comprises
the compound of formuia | in an amount sufficient (o reduce iCh or pruntus N a

patient in need of such reduction.

34. The method of ciaim 1, wherein the subject suffers from acute pruritus.

35. The method of ciaim 1, wherein the subject suffers from chronic pruritus.

36. The pharmaceutical composition of claim 10, wherein the compound nnibiis

Nav1l./ channels.

3/7. The pharmaceutical composition of claim 10, wherein the compound innibits
THRFV channeis.

38. A cream formuiation for topical appilication comprising shea putler, coconut ol

and a therapeutically effective amount of a pyrone-indoie derivative.

39. The cream formuiation of claim 38, wherein the pyrone-indole denvative 1s N-{2-

(1H-indol-3-yi-ethyill-comanilamide.

40, The cream formulation of claim 3%, wherein the concentration of the N-[Z-{1H-

indol-3-yi-ethyil-comantdamide s 3%.
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