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COMPOSITIONS AND METHODS FOR THE TREATMENT OF
AUTONOMIC AND OTHER NEUROLOGICAL DISORDERS

PRIORITY

{6001] The present application claims the benefit of Indian Provisional Patent
Application No. 1837/CHER2012 filed on 10-May-2012, the entire disclosure of which is

relied on for all purposes and is mcorporated into this application by reference.

[6002] This disclosure generally relates to compounds and compositions for the treatment
of autonomic and other neurological disorders. More particularly, this invention relates to
treating subjects with a pharmaceutically acceptable dose of compounds, crystals,
solvates, enantiomer or stereoisomer, esters, salts, hydrates, prodrugs, or mixtures

thereof.

BACKGROUND OF THE INVENTION

{0003} The management of autonomic disease encompasses a number of aspects. OF
uminediate and practical importance 18 alleviation of svroptoms. The tdeal is to rectify the
autonomic deficit and cure the underlying disorder. Autonomic disease often mvolves
various systerns, and principles in relation to management of the major clinical features
are provided Specific aspects will vary in different diseases and always should be

directed to the needs of the mdividual.

{0004} Orthostatic {postural) hypotension may cause few symptoms in some but
considerable morbidity in others, It may contnibute 1o disability and even death, because
of the potential risk of substantial injury. Treatment may be needed even in those who are
asymptomatic, as in sityations such ag fluid depletion or treatment with drugs that have

vasoditator effects, there may be pronounced falls in blood pressure with serious
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sequelae. Understanding the pathophysiological basis of orthostatic hypotension, and the

assaciated disease process that influences it, often is necessary in the individual.

[6003] In the parkinsonian forms of MSA, L-dopa is often of benefit in the early stages.
It may, however, cause or enhance orthostatic hypotension and ideally should be used
with higher doses of decarboxyiase inhibitors. The moncamine oxidase B inhibitor,
selegiline, has been used in combination with L-dopa and also may worsen orthostatic
hypotension. It also may cause hypertension in Parkinson's disease by mechanisms that
include the central effects of its metabolite, methyl-amphetamine. Amantidine may
provide motor benefit without lowering blood pressure. Dopaminergic agonists may be
effective but it is anclear if they worsen orthostatic hypotension. With time there often is
refractoriness to anti-parkinsonian drugs in MSA. There is no eftective pharmacotherapy
for cerebellar deficits in MSA. Supportive therapy using disability aids should be

provided.

jo006] Managing acute pathology of often relies on the addressing undertying pathology
and symptoms of the disease. There 1s currently a need in the art for new composttions to
treatment or delay of the onset of autonomic and other neurological disorders and its

associated complications progression.

SUMMARY OF THE INVENTION

[0067] The present invention provides compounds, compositions containing these
compounds and methods for using the same to freat, prevent and/or ameliorate the

effects of the conditions such as autonomic and other neurological disorders,

[0008] The invention herein provides compositions comprising of formula 1T or
pharmaceutical acceptable salts thereof The invention also provides pharmaceutical
conmpositions comprising one or more compounds of formula 1 or intermediates thereof

and one or more of pharmaceutically acceptable carviers, vehicles or diluents. These
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composttions may be used 1 the treatment of autononue and other neurclogical disorders
and 1ts associated complications.

Ry O

Formula |
{0009] In certain embodiments, the present invention relates to the compounds and

compositions of formula I, or pharmaceutically acceptable salts thereof]

R, O

Ry

Formula 1

Wherein,

R', R each independently represents ~OH, ~-CHs, F, D, -0OD, -NH; or CI;
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ais independently 23 or 7;
each b 13 1ndependently 3, 5 or 6;
eis independently 1, 2 or &,
¢ and d are each independently H, D, -OH, -OD, C,-Ce-alkyi, -NH; or -COCH;,
[0010] In the lustrative embodiments, examples of compounds of formula T are as set
forth below:
OH 0 o

HO,

NH Sg
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{0011] Herein the application also provides a kit comprising any of the pharmaceutical
compositions disclosed herein, The kit may comprise instructions for use in the treatment

of autonomic and other neurclogical disorders or its related complications,

[0012] The application also discloses a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and any of the compositions herein. In some aspects,
the pharmaceutical compesition is formulated for systemic administration, oral
adnunistration, sustained release, parenteral adnunistration, injection, subdernmal

administration, or transdermal admimistration

[0013] Herein, the application additionally provides kits comprising the phasmaceutical
compositions described herein. The kits may further comprise instructions for use in the

treatment of autonomic and other neurological disorders or its related complications.

[0014] The compositions described herein have several uses. The present application
provides, for example, methods of treating a patient suffering from autonomic and other
neurological disorders or its related complications manifested from metabolic or genctic
conditions or disorders, autonomic and other neurological disorders, chronic diseases or
disorders, Hypotension, Congenital, orthostatic hypotension, multiple system atrophy,
neurcdegenerative  disorders, Hepatology, Cancer, Respiratory, Hematological,

Orthopedic, Cardiovascular, Renal, Skin, Vascular or Ocular complications.
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DETAILED DESCRIPTION OF THE INVENTION

Definitions

[00135] As used herein, the following terms and phrases shall have the meanings set torth
helow. Unless defined otherwise, all {echnical and scientific terms used herein have the

sarue meaning as commonly understood to one of ordmary skill 1 the art.

j0016] The compounds of the present invention can be present in the form of
pharmaceutically acceptable salts. The compounds of the present invention can also be
present in the form of pharmaceutically acceptable esters (i e, the methyl and ethyl esters
of the acids of formuda [ to be used as prodrugs}. The compounds of the present invention
can also be solvated, i.e. hydrated. The solvation can be affected in the course of the
manufacturing process or can take place te. as a consequence of hygroscopic properties

of an initially anhydrous compound of Tornnila I (hydration).

[6017] Compounds that have the same molecular formula but differ in the natore or
sequence of bonding of their ators or the arrangement of thetr atoms in space are termed
“isomers.” Isomers that differ in the arrangement of their atoms i space are termed
“sterecisomers.” Diastercomers are sterecisomers with opposite configuration at one or
more chiral centers which are not enantiomers. Stereoisomers bearing one or more
asymmetric centers that are non- superimposable murror images of each other are termed
“enantiomers.” When a compound has an asvmmetric center, for example, if a carbon
atom 1s boaded to fowr different groups, a pair of esantiomers ix possible. An enantiomer
can be characterized by the absolute configuration of its asymmetric center or centers and
is described by the R- and S-sequencing rules of Cahn, Ingold and Prelog, or by the
manner it which the molecule rotates the plane of polarized light and designated as
dextrorotatory or levorotatory (1.e., as {+} or (-}+isomers respectively). A chiral compound
can exist as either individual enantiomer or as a mixture thereof. A mixture containing

equal proportions of the enantiomers is called a "racemic mixture™.
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[0018] As used herein, the term “metabolic condition™ refers to an Inborn errors of
metabolism {or genetic metabolic conditions) are genetic disorders that result from a
defect in one or more metabolic pathways; specifically, the function of an enzyvme is

affected and is either deficient or completely absent,

{6019} In some embodiuments, a molecular conjugate comprises of compounds selected
from the group consisting of R-lipeic acid {CAS No. 1200-22-2), salsalate {CAS No.
552-94-3), acetyleysteine (CAS No. 616-91-1), Eicosapentaenoic acid {CAS No. 10417-
94-4), Docosahexaenoic acid (CAS No. 6217-54-5).

[0020] The term “polvmorph® as used hereimn is art-recognized and refers to one crystal

structure of a given compound.

j0021] The phrases “parenteral admimstration” and “administered parenterally”™ as used
herein refer to modes of administration other than enteral and topical administration, such
as injections, and inclode without fimitation intravenous, intramascular, intrapleural,
intravascular, ntrapericardial, mtraarterial, intrathecal, intracapsular, intraorbital,
intracardiac, intradennal, intraperitoneal, transtracheal, subcutaneous, subcuticular, intra-

articadar, subcapsular, sabarachnotd, intraspinal and intrastemal injection and infusion.

[0022] A “patient.” “subject,” or “host” to be treated by the subject method may mean

either a human or non-human animal, such as primates, mammals, and vertebrates.

[6023] The phrase “pharmaceutically acceptable” I3 artrecognized. In certain
embodiments, the term includes compositions, polymers and other matenials andior
dosage forms which are, within the scope of sound medical judgment, suitable for use in
contact with the tissues of mammals, human beings and animals without excessive
toxicity, irntation, allergte response, or other problem or comphication, commensurate

with a reasonable benefit/risk ratio.
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[0024] The phrase “pharnaceutically acceptable carrier™ s art-recognized, and includes,
for example, pharmaceutically acceptable materials, compositions or vehicles, such as a
ligquid or solid filler, diluent, solvent or encapsulating material involved in carrving or
transporting any subject composition, from one organ, or portion of the body, to another
organ, or portion of the body. Each carrier must be “acceptable™ in the sense of being
compatible with the other ingredients of a subject composttion awd not iggurious to the
patient. {n certain embodiments, a pharmaceutically acceptable carrier is non-pyrogenic.
Some examples of materials which may serve as pharmaceutically acceptable carners
include: (1) sugars, such as lactose, glucose and sucrose; (2} starches, such as corn starch
and potato starcly (3) cellulose, and its denvatives, such as sodivm carboxymethyl
cellutose, ethyl cellulose and cellulose acetate; (4) powdered tragacanth; (5) malt; (6)
gelating (7) tale; {8) cocoa butter and suppository waxes, (9) ails, such as peanut oil,
cottonseed oil, sunflower oil, sesame o, olive ail, com oil and sovbean oil; {10) glveols,
such as propylene glveol; {11) polvels, such as glycenin, sorbitol, mannitol and
polyethylene glvcol, {12) esters, such as ethyl oleate and ethyl lawrate; (13) agar; (14)
buffering agents, such as magnesium hydroxade and alumimum hydroxide; (15) alginic
acid; (168} pyrogen-free water; (17) isotouic saline; (18) Ringer’s solution; (19) ethyl
alcohol, (20} phosphate bufter solutions: and (21} other non-tode compatible substances

emploved in pharmaceutical formulations.

[6025] The term “prodrug” is intended o encompass compounds that, under
physiological conditions, are converted e the therapeutically active agents of the
present invention. A common method for making a prodrug is to include selected
moieties that are hydrolvzed under physiological condiions to reveal the desired
molecule. In other embodiments, the prodrug is converted by an enzymatic activity of the

host animal.

{0026] The term “prophylactic or therapeutic” treatment is artrecognized and includes
administration to the host of one or more of the subject compositions. It s

administered prior to clinical manifestation of the unwanted condition (e.g., disease or
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other unwanted state of the host animal} then the treatment is prophylactic, e, it protects
the host against developing the unwanted condition, whereas if it is admunistered after
manifestation of the unwanted condition, the treatment is therapeutic, {(i.e., it is intended
to diminish, ameliorate, or stabilize the existing unwanted condition or side effects

thereof).

{0027} The term "predicting” as used herein refers to assessing the probability related
diseases patient will suffer from abnormalities or complication and/or terminal platelet
aggregation or fatlure and/or death (i.e monality) within a defined time window
(predictive window) m the future. The mortality may be caused by the central nervous
system or complication. The predictive window is an interval m which the subject will
develop one or more of the said complications according to the predicted probability. The
predictive window may be the entire remaining lifespan of the subject upon analvsis by

the method of the present invention.

[0028] The term "treating” is art ~recognized and mcludes preventing a disease, disorder
or condition from oceurring i an ammal which may be predisposed 1o the disease,
disorder andfor condition but has not yet been diagnosed as having it; inhibiting the
disease, disorder or condition, e.g., umpeding s progress, and relleving the disease,
disorder, or condition, e.g., causing regression of the disease, disorder andfor condition.
Treating the disease or condition includes ameliorating at least one symptom of the
particuiar disease or condition, even if the underlving pathophysiology 1s not affected,
such as treating the neurogenic orthostatic hypotension (NOH), as well as NOH
associated with mudtiple system atrophy (MSA), familial amylod polyneuropathy (FAP),
pure aonomic faitlure (PAF), and Parkinson's disease (PD), intradialviic hypotension
(IDH) or hemeodialysis-induced hvpotension, hypotension associated with fibromvalgia
syndrome {(FMS) and chrome fatigue syndrome (CES) of g subject by administration of
an agent even though such agent does not treat the cause of the condition. The term
"treating”, "treat” or "treatment” as used herein includes curative, preventative {e.g.,

prophylactic), adjanct and palliative treatment.
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[0029] The phrase "therapeutically effective amount” is an art-recognized term. In
certain embodiments, the term refers to an amount of a salt or composition disclosed
herein that produces some desired effect at a reasonable benefitrisk ratio applicable to
any medical treatmient, In certain embodiments, the term refers to that amount necessary
or sufficient to eliminate or reduce medical symptoms for a period of time. The effective
amount may vary depending on such factors as the disease or condition being treated, the
particular targeted constructs being administered, the size of the subject, or the severity of
the disease or condition. One of ordinary skill in the art may empirically determine the
effective  amount of a particular  composition  without necessitating  undoe

experimentation.

[6030] In certain embodiments, the pharmaceutical compositions described herein are
formulated in a manner such that said compositions will be delivered o a patient 10 a
therapeutically effective amount, as part of a prophylactic or therapeutic treatment. The
desired amount of the composition to be administered to a pattent will depend on
absorption, fnactivation, and exeretion rates of the drug as well as the delivery rate of the
salts and compositions from the subject compositions. 1t 1s to be noted that dosage values
may also vary with the severity of the condition to be alleviated. It is to be further
understood that for any particudar subject, specific dosage regimens should be adjusted
over tme according to the individual need and the professional judgment of the person
administering or supervising the administration of the composttions. Typically, dosing

will be determined using technigues known to one skilied in the art.

[6031] Additionally, the optimal concentration andf/or quantities or amounts of any
particular salt or composition may be adjusted to accommodate variations in the
treatment parameters. Such treatment parameters include the clinical use to which the
preparation 18 put, e.g., the site treated, the tvpe of patient, e.g., human or non-human,

adult or child, and the nature of the disease or condition.
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[0032] In certain embodiments, the dosage of the subject corapositions provided herein
may be determined by reference to the plasma concentrations of the therapeutic
composition or other encapsulated materials For example, the maximum plasma
concentration {Cmax) and the area under the plasma concentration-time curve from time

0 to infinity may be used.

j6033] When used with respect to a pharmaceuntical composition or other material, the
term “sustained release” is art-recognized. For example, a subject composition which
releases a substance over time may exhibit sustained release characteristics, in contrast to
a bolus type adounistration in which the entire amount of the substance 1s made
biologically available at one time. For example, in particular embodiments, upon contact
with body fluids including blood, spinal fluid, mucus secretions, vinph or the like, one or
more of the pharmaceutically acceptable exaipients may andergo gradual or delayed
degradation {e.g., through hydrolysis) with concomitant release of any material
incorporated  therein, e.g, an therapeutic and/or biologically active salt andior
composiion, for a sostained or extended period (as compared to the release from a
bolas).  This release may result in prolonged delivery of therapeutically effective

amounts of any of the therapeotic agents disclosed herein,

{6034] The phrases “systemic administration,” “administered systenucally,” “pesipheral
administration” and “administered peripberally” are art-recogmzad, and inciude the
administration of a subject composition, therapeutic or other matenal at a site remote
from the disease being treated. Administration of an agent for the disease being treated,
even if the agent is subsequently distributed systemucally, mayv be termed “local” or
“topical” or “regional” administration, other than directly into the central nervous system,
e.g.. by subcutaneous adnunistration, such that it enters the patient’s system and, thus, is

subject to nretabolism and other like processes,

{0035] The phrase “therapeutically effective amount™ is an art-recognized term, In

certain embodiments, the term refers to an amount of a salt or composition disclosed
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herein that produces some desived effect at a reasonable benefitfrisk ratio applbicable to
any medical treatment. In cerfain embodiments, the term refers to that amount necessary
or sufficient to eliminate or reduce medical symptoms for a peried of time. The effective
amount may vary depending on such factors as the disease or condition being freated, the
particular targeted constructs being administered, the size of the subject, or the severity of
the disease or condition. One of ordinary skill 1n the art may empirically determine the
effective amount of a particular composition without necessttating  undue

experimentation.

j0036] The present disclosure also contenplates prodrugs of the compositions disclosed

herein, as well as pharmaceutically acceptable salts of said prodrogs.

[0037] This application also discloses a pharmaceutical composition comprising a
pharmaceutically acceptable carner and the composition of g compound of Formula 1
may be formulated for systemic or topical or oral administration.  The pharmaceutical
composition may be also formulated for oral adpumistration, oral solwtion, njection,
subdermal  administration, or transdermal  administration.  The pharmaceutical
composttion may further comprise at least one of a phammaceutically acceptable

stabilizer, dilnent, surfactant, filler, binder, and lubsicant.

[6038] In many embodiments, the pharmaceutical compositions described herein will
incorporate the disclosed compounds and composttions (Formuala 1) to be delivered tn an
amount sufficient to deliver to a patient a therapeutically effective amount of a compound
of formula 1 or composition as part of a prophylactic or therapeutic treatment. The
desired concentration of formula 1 or its pharmaceutical acceptable salis will depend on
absorption, inactvation, and excretion rates of the drug as well as the delivery rate of the
salts and compositions from the subject compositions, 1t is to be noted that dosage values
may alse vary with the severity of the condition to be alleviated. It is to be further
understood that for any particular subject, specific dosage regimens should be adjusted

over time according to the individual need and the professional judgment of the person
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adminsstering or supervisig the admimstration of the compositions.  Typically, dosing

will be determined using techniques known to one skilled in the art.

[6039] Additonally, the optimal concentration andfor quantities or amounts of any
particular compound of formula 1 mav be adjusted to accommodate variations in the
treatment parameters. Such treatment parameters inclhude the clinical use to which the
preparation 18 put, e.g., the site treated, the tvpe of patient, e.g., human or non-human,

adult or child, and the nature of the disease or condition.

{6040] The concentration and/or amount of any compound of formula I may be readily
identified by routine screening in amimals, eg. rats, by screeming a range of
concentration and/or amounts of the material in question using appropriate assays.
Known methods are also available to assay local tissue concentrations, diffusion rates of
the salts or compositions, and local blood flow before and afler administration of
therapeatic formulations disclosed herein.  One such method 18 microdialysis, as
reviewed by T. E. Robinson et al., 1991, micvodialysis in the newosciences, Technigues,
volame 7, Chapter 1. The methods reviewed by Robinson may be applied, in brief, as
foltows, A microdialysis loop is placed m sita in a test animal. Dialysis fluid 1s pumped
through the loop. When compoonds with formula 1 such as those disclosed herein are
injected adiacent to the loop, released drugs are collected in the dialvsate in proportion to
their focal tissue concentrations. The progress of diffusion of the salis or compositions
may be determined thereby with suttable calibration procedures using known

concentrations of salts or compositions.

[0041] In certain embodiments, the dosage of the subject compounds of formula |
provided herein may be determined by reference to the plasma concentrations of the
therapeutic composition of other encapsulated materials, For example, the makimum
plasma concentration {Cmax} and the area under the plasma concentration-time curve

from time 0 to infinity may be used.
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[0042] Generally, in carrying out the methods detailed in this apphication, an effective

dosage for the compounds of Formulas | s in the range of about (.01 mg/kg/day to about

o/ke/day to about 50

= o

100 mg'kg/day in single or divided doses, for instance 0.01 m
mgfkg/day in single or divided doses. The compounds of Formulas I may be administered
at a dose of, for example, less than 0.2 mghkg/day, 0.5 me/kg/day, 1.0 mg/ke/day, 5
mg'kaday, 10 mp/kg/day, 20 myg/kg/day, 30 mg'kg/day, or 46 mg'kgiday. Compounds of
Fonnula | may also be admumstered to a human patient at a dose of. for example,
between 0.1 mg and 1000 mg, between 5 mg and 80 mg, or less than 1.0, 9.0, 12.0, 20.0,
50.0, 75.0, 100, 300, 400, 500, 800, 1000, 2000, 5000 mg per day. In certain
embodiments, the compositions herein are administered at an amount that 1s less than
95%, 0%, 80%, T0%, 0%, 50%, 40%, 30%, 20%, or 10% of the compound of formula

I required for the same therapeutic benefil.

[0043] An effective amount of the compounds of formula 1 described herein refers to the
amount of one of said salts or compositions which is capable of 1nhibiting or preventing a

disease.

{0044} An effective amount may be suffictent to prohibit, treat, alteviate, ameliosate, halt,
restrain, slow or reverse the progression, or reduce the severity of a complication
resulting from nerve damage or demyelization and/or elevated reactive oxidative-
nitrosative species and/or abnormalities in physiological homeostasis’s, 1n patients who
are at risk for such complications. As such, these methods include both medical
therapeutic {acute) and/or prophylactic (prevention) administration as appropriate. The
amount and timing of compositions administered will, of course, be dependent on the
subject being treated, on the severity of the affliction, on the manner of administration
and on the judgment of the prescribing physician. Thus, because of patient-to-patient
variability, the dosages given above are a guideline and the physician may titrate doses of
the drug to achieve the treatment that the physician considers appropriate for the patient.

In considering the degree of treatment desived, the physician st balance a vartety of
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factors such as age of the patient, presence of preexisting disease, as well as presence of

other diseases.

{0045] The compositions provided by this application may be administered to a subject
in need of treatment by a variety of conventional routes of administration, inchuding
orally, topically, parenterally, eg., intravenously, subcutanecusly or imtramedullary.
Further, the compositions may be adnunistered intranasally, as a rectal suppository, or
using a "Hash" formulation, i.e., allowing the medication to dissolve in the mouth without
the need to use water. Furthermore, the compositions may be adnunistered to a subject in
need of treatment by cootrolled release dosage forms, site specific drug delivery,
transdermal drug delivery, patch (active/passive) mediated drug delivery, by stereotactic

ngection, or in nanoparticles,

j0046] The compositions may be administered alose or in combination with
pharmaceutically acceptable carriers, vehicles or dilnents, in either single or multiple
doses. Suitable pharmaceutical carriers, vehicles and diluents include mert solid dituents
or fillers, sterile aqueous solutions and varous organic solvents. The pharmaceutical
compositions formed by combining the compoesitions and the pharmaceutically
acceptable carrters, vehicles or diluents are then readily admimstered in a variety of
dosage forms such as tablets, powders, lozenges, syrups, injectable solutions and the like.
These pharmaceutical compositions can, if desired, contain additional 1ngredients such as
flavorings, binders, excipients and the like. Thus, for purposes of oral administration,
tablets comtaining various excipients such as L-arginine, sodiwm citrate, caloum
carbonate and calcium phosphate may be emploved along with various disintegrates such
as starch, alginic acid and certain complex silicates, together with binding agents such as
polyvinylpyrrolidone, sucrose, gelatin and acacia. Additionally, lubricating agents such
as magnesium stearate, sodium laoryl sulfate and tale are often useful for tabletting
purposes. Solid compositions of a similar type may also be emploved as fillers in soft and
hard filled gelatin capsules. Appropriate materials for this include lactose or milk sugar

and high molecular weight polvethylene glycols. When aqueous suspensions or elixirs are



WO 2013/167998 PCT/IB2013/050908
19

desived for oral admimistration, the essential active ingredient therein may be combined
with various sweetening or flavoring agents, coloring matter or dves and, if desired,
emulsifying or suspending agents, together with diluents such as water, ethanol,
propvlene glveol, glveerin and combinations thereof. The compounds of formula 1 may
also comprise enterically coated comprising of various excipients, as is well known in the

pharmaceutical art.

{0047] For parenteral administration, solutions of the compositions may be prepared n
(for example) sesame or peanut oil, agueous propylene glveol, or in sterile aqueous
solutions may be emploved. Such aqueous solutions should be switably buffered 1f
necessary and the hquid diluent first rendered isotonic with sufficient saline or ghucose.
These particular aqueous solotions are especially suitable for miravenous, intramuscular,
subcutaneous and intraperitoneal administration. In this connection, the sterile aquecus
media employed are all readily available by standard techniques known to those skilled in

the art.

[0048] The formulations, for instance tablets, may contain eg. 10 to 100, 50 to 250, 150
to 500 mg, or 350 to 8O0 mg e g. 10, 30, 100, 300, 300, 700, 800 myg of the compounds of
formula 1 disclosed herein, for nstance, compounds of formula | or pharmacentical

acceplable salts of a compounds of Formula L

[0049] Generally, a composition as described herein may be adnunmistered orvally, or
parenterally {e.g., intravenouys, intramuscular, subcutaneous or intrameduliary). Topical
administration may also be indicated, for example, where the patient is suffering from
gastromntestinal disorder that prevent oral administration, or whenever the medication is
best applied to the surface of a tissue or organ as determined by the attending physician,
Locglized administration may also be indicated, for example, when a high dose is desired
at the target tissue or organ. For buccal administration the active composition may take

the form of tablets or [ozenges formulated in a conventional manner.
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[0050] The dosage admundstered will be dependent apon the dentity of the metabolic
disease; the type of host involved, including its age, health and weight the kind of

concurrent treatment, if any; the frequency of treatment and therapeutic ratio.

{0051] Hlustratively, dosage levels of the adnunistered active ingredients are
intravenous, 0.1 to about 200 mg/kg, intramuscular, 1 to about 500 mg'kyg; orally, 5 to
about 1000 mg'kg; intranasal instillation, § to about 1000 mg/kg; and acrosel, 5 to about

1000 mg'kg of host body weight.

[6052] Expressed in terms of concentration, an active ingredient can be present i the
composttions of the present invention for localized use about the cutis, intranasally,
pharyngolarvngeally, bronchially, intravaginally, rectally, or ocularly in a concentration
of from about 0.01 to about 50% wiw of the composition; preferably about 1 to about
20% wiw of the composition; and for parenteral use in a concentration of from about 0.05

to about 30% w/v of the composition and preferably from about 5 to about 20% wiv.

[0053] The compositions of the present invention are preferably presented for
admunistration to humans and avimals in uoit dosage forros, sach as tablets, capsules,
pills, powders, granules, sappositories, sterile parenteral solutions or suspensions, sterile
nou-parenteral solations of suspensions, and oral solutions or suspensions and the ke,
containing suitable quantities of an active ingredient. For oral administration either solid

or fluid unit dosage forms can be prepared.

[0054] As discussed above, the tablet core contains one or more hydrophilic polymers.
Suitable hydrophilic polvmers include, but are not Himited to, water swellable celiulose
derivatives, polvatkyiene glycols, thermoplastic polyvalkylene oxides, acrviic polymers,
hydrocollowds, clays, gelling starches, swelling cross-linked polymers, and mixtures
thereof. Examples of suitable water swellable cellulose derivatives include, but are not
limited to, sodium carboxvmethyleellulose, cross-linked hydroxypropyleelhidose,
hydroxypropyl cellulose {HPC), hydroxypropylmethvicellulose {HPMQ),

hydroxvisopropylceliulose, hydroxybutylcellulose, hydroxyphenylcellufose,
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hydroxyethyleellulose (HEC), hydroxypentyleeltulose,  hydroxypropylethyleellalose,
hvdroxypropyibutyleellnlose, and hydroxypropylethvlcellulose, and mixtures thergof.
Examples of suitable polvalkylene glycols include, bt are not limited to, polyethylene
glycol. Examples of suitable thermoplastic polvalkylene oxides include, but are not
limited to, poly{ethylene oxide). Examples of suitable acrylic polymers include, but are
not linited to, potassium methacrylatedivinyibenzene copolymer,
polymethylmethacrylate, high-molecular weight crosslinked acrylic acid homopolymers
and copolymers such as those commercially available from Noveon Chemicals under the
tradename CARBOPOL™ Examples of suitable hydrocolloids include, but are not
limited to, alginates, agar, guar gum, locust bean gum, kappa carrageenan, iota
carrageenan, targ, gum arabic, tragacanth, pectin, xanthan gum, gellan gum, maltodexirin,
galactomannan, pusstulan, lammarin, scleroghucan, gum arabie, nulin, pectin, gelatin,
whelan, rhamsan, zooglan, methylan, chitin, evclodextrin, chitosan, and mixtures thereof.
Examples of suitable clays include, but are not limited to, smectites such as bentonite,
kaolin, and laponite; magnestum trisilicate; magnesium aluminum silicate; and mixtures
thereof Examples of suitable gelling starches include, but are not limited to, acd
bydrolyzed starches, swelling starches such as sodium starch glycolate and derivatives
thereof, and mixtures thereof. Examples of suitable swelling cross-linked polymers
include, but are not humited to, cross-linked polyviny! pyrrolidone, cross-linked agar, and

cross-linked carboxyvmethylcellulose sodium, and mixtures thereof.

J0053] The carner may contain one or more suitable excipients for the formulation of
tablets. Examples of suitable excipients include, but are not limited to, fillers, adsorbents,
binders,  disintegrants,  lubricants,  g¢lidants,  release-modifving  excipients,

superdisintegrants, antioxidants, and mixtures thereof.

j0086] Suitable binders include, but are not limited to, dry binders such as polyvinyl
pyrrolidone and  hydroxypropyimethyleellnlose, wet binders such as water-soluble
polymers, including hvdrocollotds such as acacia, alginates, agar, guar gum, locust bean,

carrageenan, carboxymethyleellulose, tara, gum arabic, tragacanth, pectin, xanthan,
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gellan, gelann, maltodextrin, galactomannan, pusstulan, laminarin, scleroglucan, wulin,
whelan, rhamsan, =zooglan, methvlan, chitin, cyclodextrin, chitosan, polvvinyl
pyrrolidone, cellulosics, sucrose, and starches, and mixtures thereof.  Suitable
disintegrants include, but are not limited to, sodium starch glveolate, cross-linked

polyvinvipyrrolidone, cross-linked carboxymethyleellulose, starches, microcrystatline

cellulose, and mixtures thereof.

[0037] Suitable lubricants include, but are not Hmited to, long chain fatty acids and their
salts, such as magnesium stearate and stearic acid, tale, glvcenides waxes, and mixtures
thereof.  Suitable glidants wclude, but are not limited to, colloidal silicon dioxide.
Suitable release~-modifyving excipients include, but are not limited to, insoluble edible

materials, pH-dependent polymers, and mixtures thereot,

[0038] Suitable nsoluble edible materials Tor use as release-modifving excipients
include, baot are not hmited to, water-insoluble polvmers and low-meiting hydrophobic
materials, copolymers thercof, and mixtures thereof. Examples of suitable water-
insoluble polymers include, but are not limited to, ethylecellnlose, polyvinyt alcohols,
polvvinyl acetate, polycaprolactones, celtulose acetate and its derivatives, acrylates,
methacrvlates, acrylie acid copolymers, copolymers thereof, and muxtares thereof.
Suitable low-melting hyvdrophobic materials include, but are not imited fo, fats, fatty acid
esters, phospholipids, waxes, and mixtures thereot. Examples of suttable tats include, but
are not hmited to, hyvdrogenated vegetable oils such as for example cocoa butter,
hyvdrogenated palm kernel oil, hvdrogenated cottonseed oil, hvdrogenated sunflower oil,
and hydrogenated soybean ol free falty acids and their salts, and mixtures thereof.
Examples of suitable fatty acid esters include, but are not Bmiuted to, sucrose falty acid
esters, mono-, di-, and tnglyeerides, glveeryl behenate, glveeryl palmitostearate, glyceryl
monostearate, glyveeryl nstegrate, glyeeryl trilaurylate, glycervl myristate, GlveoWax-
932, lauroyl macrogol-32 glycerides, stearoyl macrogol-32 ¢lycernides, and mixtures

thereof. Examples of suitable phospholipids include phosphotidyl choline, phosphotidyl

serene, phosphotidyl enositol, phosphotidic acid, and mixtures thereof. Examples of
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suitable waxes mclude, but are not fimited to, carnauba wax, spermiacets wax, beeswax,
candelilla wax, shellac wax, microcrystalline wax, and paraffin wax; fat-containing
mixtures such as chocolate, and mixtures thereof, Examples of super disintegrants
include, but are not limited to, croscarmellose sodium, sodiam starch glycolate and cross-
linked povidone {crospovidone). In one embodiment the tablet core contains up to about

S percent by weight of such super disintegrant.

{0039 Examples of antioxidants include, but are not limited to, tocopherols, ascorbic
acid, sodium pyrosulfite, butylhvdroxytoluene, butvlated hydroxyanisole, edetic acid, and
edetate salts, and muxtures thereof Examples of preservatives include, but are not limited
to, citric acid, tartaric acid, lactic acid, malic acid, acetic acid, benzoic acid, and sorbic

acid, and mixtures thereof,

[0060] In one embodiment, the immediate release coating has an average thickness of at
least 30 microns, such as from about 30 mucrons to about 2500 nucrons; e.g., from about
250 microns to about 1000 microns. In emwbodiment, the immediate release coating is
typically compressed at a density of more than about 0.9 g/ce, as measured by the weight

and volume of that specific layer.

{6061] In one embodiment, the immediate release coating contains a first portion and a
second portion, wharein at least one of the pottions contains the second pharmaceutically
active agent. In one embodiment, the portions contact each other at a center axis of the
tablet. In one embodiment, the first portion includes the first pharmaceutically active

agent and the second portion includes the second pharmaceutically active agent.

[8062] In one embodiment, the first portion contains the first pharmaceutically active
agent and the second portion contains the second pharmaceutically active agent. In one
embodiment, one of the portions contains a third pharmaceutically active agent. In one
embodiment one of the portions contains a second immediate release portion of the same

pharmaceutically active agent as that contained in the tablet core.
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{0063] In one embodiment, the outer coating portion is prepared as a dry blend of
materials prior to addition 1o the coated tablet core. In another embodiment the outer
coating portion is included of g dried granulgtion including the pharmaceutically active

agent.

{0064] Formulations with different drug release mechanisms described above could be
combined in a final dosage form comaining single or multiple units. Examples of
roultiple units include multilayer tablets, capsules containing tablets, beads, or granules i
a solid or liqud form, Typical, tumediate release formulations mclade compressed
tablets, gels, films, coatings, hguids and particles that can be encapsulated, for example,
in a gelatin capsule. Many methods for prepanng coatings, covering or incorporating

drugs, are known in the art.

{0065] The immediate release dosage, unit of the dosage form, 1.e, a tablet, a plurality of

o
ge

drug-containing beads, granules or particles, or an outer tayer of a coated core dosa
form, contains a therapeutically effective quantity of the active agent with conventional
pharmaceutical excipients. The immediate release dosage unit may or may not be coated,
and may or way not be admixed with the delayed release dosage unit ov uuils {as in an
encapsidated mixture of immediate release drag~containing granules, particles or beads

and delaved release drug-containing gramdes or beads).

{0066] Extended release formulations are generally prepared as diffusion or osmotic
systems, for example, as described in "Remington—The Science and Practice of
Pharmacy”, 20th. &d.. Lippineott Willlams & Wilkins, Balumore, Md., 2000). A
diffusion system typically consists of one of two types of devices, reservoir and mairix,
which are weliknown and described in die art. The matnix devices are generally prepared

by compressing the drug with a slowly dissolving polynier carrier into a tablet form.
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{60671 Aun mmmediate release portion can be added to the extended release system by
means of either applying an immediate release laver on top of the extended release core;
using coating or compression processes or in a nudtiple unit system such as a capsule

containing extended and immediate refease beads.

{0068] Delaved release dosage formulations are created by coating a solid dosage form
with a film of a polymer which is mnsoluble in the acid environment of the stomach, but
soluble in the newtral environment of small intestines. The delayed release dosage wnits
can be prepared, for example, by coating a drug or a drug-containing composition with a
selected coating wmaterial. The drog-contatning composiion may be a tablet for
incorporation irte a capsule, a tablet for use as an nner core in a “coated core” dosage
form, or a plurality of drug~containing beads, particles or granules, for incorporation into

either a tablet or capsule.

{60691 A pulsed release dosage form is one that mumics a maeliple dosing protile
without repeated dosing and typically allows at least a twofold reduction in dosing
frequency as compared o the dmug presented as a conventional dosage form (eg., as a
solution or prompt drug-releasing, conventional solid dosage form). A pulsed release
profile is characterized by a tune period of no release {lag time) or reduced release

followed by rapid drug release.

j6070] Each dosage form contains a therapeutically effective amount of active agent. in
one embodiment of dosage forms that mimic a twice daily dosing protile, approximately
30 wi. % to 70 wt. %o, preferably 40 wt. %6 to 60 wi. %, of the total amount of active agent
in the dosage form is released in the initial pulse, and, correspondingly approximately 70
wt. % 10 3.0 wt, %, preferably 60 wi. % to 40 wt. %%, of the total amount of active agent in
the dosage form is released in the second pulse. For dosage forms mimicking the twice
daily dosing profile, the second pulse is preferably released approximately 3 bours to {ess
than 14 howrs, and more preferably approximately S hours to 12 bours, following

administration.
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[6071] Another dosage form contains a compressed tablet or a capsule having a drug-
containing immediate release dosage unit, a delayved release dosage unit and an optional
second delayed release dosage unit. In this dosage form, the immediate release dosage
umt contains a plurality of beads, granules particles that release drug substantially
immediately following oral administration to provide an initial dose. The delayed release
dosgge unit contains a plurality of coated beads or granules, which release drug
approximately 3 hours to 14 houwrs following oral administration to provide a second

dose.

{6072] For purposes of transdermal (e.g., topical) administration, dilute sterile, aqueous
or partially aquecus solutions {usually in about 0.1% to 3% concentration), otherwise

similar to the above parenteral solutions, may be prepared.

{0073] Methods of preparing various pharmaceutical compositions with a certain
amount of one or more compounds of formuda 1 or other active agents are known, or will
be apparent in hight of this disclosure, o those skilled v this art. For examples of
methods of preparing pharmaceutical compositions, see Remington’s Pharmaceutical

Sciences, Mack Publishing Company, Easton, Pa , 19th Edition (1995).

j0074] In addition, in certain embodiments, subject compositions of the present
application mavbe Iyophilized or subjected to another appropriate drying techmique such
as spray drying. The subject compositions may be administered once, or may be divided
o a number of smaller doses to be administered at varying intervals of ime, depending

in part on the release rate of the compositions and the desired dosage.

[0075] Formudations useful in the methods provided herein include those suitable for
oral, nasal, topical {including buccal and sublingual), rectal, vaginal, aerosol andior
parenteral administration.  The formulations may conveniently be presented in unit
dosage form and may be prepared by any methods well known in the art of pharmacy.

The amount of a subject composition which may be combined with a carrier material 10
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produce a single dose may vary depending upon the subject being treated, and the

particular mode of administration.

[8076] Methods of preparing these formulations or compositions include the step of
bringing indo association subject compositions with the carrier and, optionally, one or
more accessory ingredients. In general, the formulations are prepared by uniformly and
intimately bringing 1nte association a subject composition with liquid carriers, or finely

divided solid carniers, or both, and then, if necessary, shaping the product.

{66771 The compounds of formula T described herein may be administered in inhalant
or acrosol formulations. The inhalant or aerosol formulations may comprise one or more
agents, such as adjuvants, diagnostic agents, imaging agents, or therapeutic agents useful
in inhalation therapy. The final aerosol formulation may for example contain 0.005-90%

wiw, for instance 0.005-50%, 0.005-5% wiw, or 0.01-1.0% wiw, of medicament relative

to the total weight of the formulation.

[0078] In solid dosage forms for oral adminstration {capsules, tablets, pills, dragees,
powders, gramules and the like), the subject composition s mixed with one or more
pharmaceutically acceptable carriers andfor any of the following: (1) fillers or extenders,
such as starches, lactose, suerose, glucose, mannitol, and/or sihicie aad; (2) binders, such
as, for example, carboxymethylcelinlose, alginates, gelatin, polyvinvl pvrrolidone,
sucrose and/or acacia; (3) humectants, soch as glveerol; (4) disintegrating agents, such as
agar-agar, caleium carbonate, potato or tapioca starch, alginic acid, certain silicates, and
sodium carbonate; (5) solution retacding agents, such as parathin, {6) absorption
accelerators, such as quaternary ammoniam compounds; {7) wetting agents, sach as, for
example, acetvl alcohol and glyeerol monostearate; (8) absorbents, such as kaolin and
bentonite clay, {(9) lubnicants, such a tale, calcium stearate, magnesium stearate, sohid
polvethviene zlveols, sodium lauryl sulfate, and mixtures thereof, and (10} coloring
agents. In the case of capsules, tablets and pills, the pharmaceutical compositions may

also comprise buffering agents, Solid compositions of a similar type may also be
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employed as fillers to soft and hard-filled gelatin capsules using lactose or milk sugars, as

well as high molecular weight polvethylene glveols and the like,

[0079] Liguid dosage forms for oral administration include pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, syrups and elixirs., In addition to the
subject compositions, the liguid dosage forms may contamn inert diluents commonly used
in the art, such as, for example, water or other solvents, solubilizing agents and
emulsifiers, such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate,
benzyl gleohol, benzyl benzoate, propylene giveol, 1,3-butylene glveol, oils (in particular,
cottonseed, corn, peanut, sunflower, soybean, olive, castor, and sesame oils), glycerol,
tetrahvidroturyl alcohol, polvethylene glveols and fatty acid esters of sorbitan, and

mixiures thereof.

[0086] Suspensions, in addition to the subject compositions, may cootain suspending
agents such as, for example, ethoxyiated isostearyl alcohols, polvoxyethyvlene sorbitol,
and sorbitan esters, microcrystalline cellulose, aluminam metabydroxide, hentonite, agar-

agar and tragacanth, and nixtures thereofl

{6081] Formulations for rectal or vaginal administration may be presented as a
suppository, which may be prepared by mixing a subject composition with one or more
suitable non-irritating carriers comprising, for example, cocos butter, polyethylene
glveol, a suppository wax, or a salicylate, and which is solid at room temperature, but
liguid at bodyv temperature and, therefore, will melt in the appropriate body cavity and
release the encapsulsted compound(s} and composition(s). Formulations which are
suitable for vaginal administration also include pessaries, tampons, creams, gels, pastes,
foams, or spray formulations containing such carriers as are known in the arnt to be

appropriate.

{6082] Dosage forms for tramsdermal  administration  include powders,  sprays,

ointments, pastes, creams, lotions, gels. solutions, patches, and inhalants. A sobject



WO 2013/167998 PCT/IB2013/050908
29

composttion may be mixed onder sterile conditions with a pharmaceutically acceptable
carrier, and with any preservatives, bufters, or propellants that may be required. For
transdermal administration, the complexes may include lipophilic and hydrophilic groups

1o achieve the desired water solubility and transport properties.

{0083] The oitments, pastes, creams and gels may contain, n addition to subject
compositions, other carriers, such as animal and vegetable fats, oils, waxes, paraftins,
starch, tragacanth, cellulose derivatives, polyethylene glycols, silicones, bentonites,
sthicie acid, tale and zine oxide, or mixtures thereof. Powders and sprayvs may contain, in
addition to a subject composition, excipients such as lactose, tale, silicie acid, alanunum
hydroxide, calcium silicates and polyamide powder, or mixtures of such substances.
Spravs  may  additionally  contain  customary  propellants,  such  as
chlorofluorohydrocarbons and volatile unsubstituted hydrocarbons, such as butane and

propane.

[0084] Methods of delivering a composition or compositions via a transdermal patch are
known in the art. Exemplary patches and methods of patch delivery are described 1o US
Patent Nos. 6,974,588, 0,564,093, 6,312,716, 6,440,454, 6,267 983, 6,239,180, and
6,103,275,

{6085] In another embodiment, a transdermal patch may comprise: a substrate sheet
comprising a composite film formed of & resin composition comprising 100 parts by
weight of a polyvinyl chloride-polvurethane composite and 2-10 parts by weight of a
styrene-ethylene-butylene-styrene copolymer, a first adhesive layver on the one side of the
composite film, and a polyatkviene terephthalate film adhered to the one side of the
composite film by means of the first adhesive laver, a primer layer which comprises a
saturated polyester resin and is formed on the surface of the polyalkylene terephthalate
film; and a second adhesive laver comprising a styvene-diene-styrene block copolymer
contaimng a pharmaceutical agent layered on the primer layer. A method for the

manutacture of the above-mentioned substrate sheet comprises preparing the above resin
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composttion molding the resin composition into a composite tilm by a calendar process,
and then adhering a polyalkylene terephthalate tilm on one side of the composite film by
means of an adhesive layer thereby forming the substrate sheet, and forming a primer
layer comprising a saturated polvester resin on the outer surface of the polvalkylene

terephthalate film.

j6086] Another type of patch comprises incorporating the drug directly in a
pharmaceutically acceptable adhesive and laminating the drug-comtaining adhesive onto a
suitable backing member, ¢ g. a polyester backing membrane. The drug should be present
at a concentration which will not atfect the adhesive properties, and at the same time

deliver the required clinical dose.

{0087] Transdermal patches mway be passive or active.  Passive transdermal drug
delivery svstems currently available, such as the nicotine, estrogen and nitroglycerine
patches, deliver smalt-molecule drugs. Many of the newly developed proteins and peptide
drugs are too large to be delivered through passive transdermal patches and may be
delivered using techunology such as electrical assist (lontophoresis) for large-molecule

drugs.

[0088] lountophoresis is a technique emploved for enhancing the flux of ionized
substances through membranes by application of electric current. One example of an
iontophoretic membrane s given in U.S. Pat. No. 5,080,646 to Theegwes. The principal
mechanisms by which iontophoresis enhances molecular transport across the skin are {3)
repelling a charged ton from an electrode of the same charge, (B) electroosmosis, the
convective movement of solvent that occurs throngh s charged pore in response the
preferential passage of counter-ions when an electric field is applied or (¢} increase skin

permeability due to application of electrical current.

j0089] In some cases, it may be desirable to administer 1o the form of a kit, it may

comprise a container for containing the separate compositions such as a divided bottle or
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a divided foil packet. Typically the kit comprises directions for the administration of the
separate components. The kit form is particularly advantageous when the separate
components are preferably administered in different dosage forms {e.g., oral and
parenteral), are administered at different dosage intervals, or when titration of the

individual components of the combination is desired by the prescribing physician.

[0090]  An example of such a kit is a so-called blister pack. Blister packs are well known
in the packaging industry and are widely used for the packaging of pharmaceutical unit
dosage forms (tablets, capsules, and the like). Blister packs generally consist of g sheet of

refatively stitt material covered with a foil of a plastic material that may be transparent,

[6091] Methods and compositions for the treatment of autonomic and other neurological
disorders. Among other things, herein is provided a method of treating autonomic and
other neurological disorders, comprising admimstering to a patient in need thereof a

therapeutically effective amount of compound of Formula T:

R, Q

<

Formula 1

Wherein,

R', R® each independently represents ~OH, -CHs, F, D, -OD, -NH; or CL;

R? . R* each independently represents ~OH, -CHs, F, D, -OD, -NH; -NHx-NH;- or
Cl;

R’ independently represents H, D, -0-, -CO-,
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R" independently represents
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OH

HO

X
.s“'\“

22X

ais independently 23 or 7;

each b is independently 3. 3 o1 6;
eisindependently 1, 2 or 6,
¢ and d are each independently H, D, -OH, -OD. C,-Cg-alkvl, -NH, or -<COCH;,

Methods for using compounds of formuda I

[0092] The nvention also includes methods for treating neurogenic orthostatic
hypotension (NOH), as well as NOH associated with multiple system atrophy (MSA),
familial amyloid polyneuropathy (FAP), pure autonomic failure (PAF), and Parkinson's
disease (PD), intradialvtic hypotension (IDH) or hemodialysis-induced hypotension,
hypotension associated with fibromyalgia syndrome (FMS) and chronic fatigue syndrome

(CFS).

METHODS OF MAKING

[0093] Examples of synthetic pathways usefid for making compounds of fornmda | are

set forth in example below and generalized 1o scheme 1



WO 2013/167998

Scheme-1:

PCT/IB2013/050908
36

KOH S
lsopropy] o N WA J
o afcohol O w i e S0C, HN 5
Q< e, L e W [’:}\Ko
H OH BnCt o (..} H N 0 DOM ) 4
1 40°0 2 3 30°C P
1) CH30Na

NitN O3 )0.8H0
Glycine

CHLOH, 50°C

rrrrr————————

KOH
CH,OH. 50°C

CH3OH

23 BN HEH
CHyOH
,50°C, th

oH O 13 10% Pd/C, M2 O O
RO J\‘)-L cone.HC HO
e H ‘
U . OH " Etnanel OH
R0 2 e NH;
2} diethylamine
) 8
Ry =f,=Bn Ethanal
0°C, 24 h
0 Oxaloy! chioride
e e e e s B e ]
HO CHCYy
8 1. 2h
5 K00
e = T TN + NH DMF
. HO ? 100 °C
10 B
9] ¢

HO

NHy 1



WO 2013/167998 PCT/IB2013/050908

37
[0094] Step-1: Synthesis of compound 2:
KOH
Isopropyl
o  alcohol . {O
Q"z -------- 08w SN on
b4 OH 8nCi
1 40 °C PH 2

{0095} A suspension of D-proline (115 g I mol}, potassium hydroxsde (1683 g, 3 mol),
and isopropylalcobol (1L} was sturred at 40 °C until the suspension became
transparent. Next, 137.3 g (1. 1 mol} of benzylchlonde was slowly added thereto and

stirred at 40 °C for 6 hours. The reaction mnxture was cooled to 0 ~ 5 °C and adjusted to
pH 5-6 using 145 mbL of conc. HOL The reaction mixture was diluted using 3 L of
chioroform and stirred for 18 hours. Potassium chlonde was removed from the reaction
mixture by filtration, and the filtrate was concentrated and recrystallized using acetone to

obtain the compound 2 with a vield of 79% {161.8 ).

{0096] Step-2: Synthests of compound 4

O;{ D SOCH D HN 4
N o oor t 7N A ) - Ly "”'&
) H.N DCM 0
P 2 = 0

3 -30°C Ph
{0097 While mamtaming a solution of D-N-benzylproline 2 (100 g, 487 mmol) in
dichloromethane (S00mb) at a temperature of-20--30 °C, 355 ml (487mmol} of
thionvichloride (SOCI2) was dropwise added into the solution. The solution was stirred
while maintaining the temperature at -10°C ungil the solution became transparent. A
solution of Z-aminobenzophenone 3 (86.5 g, 438 mmol) in dichtoromethane (250 mL)
was dropwise added into the solution while maintaining the temperature of the solution

at-30 °C. After confirming the consumption of acylchioride as a result of the reaction, the
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reaction mixture was cooled o 0 °C, and an aqueous sodium carbonate solution was
added thereinto. The product was extracted from the reaction mixture using
dichloromethane, washed with distilled water and saturated salt water, and con- centrated
by drying using anhvdrous magnesium sulfate. The residual material was re- crystallized

using ethanol and filtrated to obtain the compound 4 with a yield of 74% {126 g}

[0098] Step-3: Synthesis of compound 3:

NI{NO ). 6H,0 o,
/ h Glycine
== @ CH30OH, 50 °C
B e
"o KOH
Q“"'\k&} CH3QH= 50 QC
) 4

16099} Compound 4 (60 g, 156 mmaol), NiNO; ). 6H20 (91 g 312 mumol), glyecine {(38.5
¢, 780 mmol) were dissolved in 600 ml. of methanol. The puxture was heated to 40-50
°C untit the color of the reaction mixtere changed green. A solution of potassiom
hydroxide {613 g, 1.1 mol) in 250 mL of methanol was dropwise added and stirved for 1
hour while mamntaining the temperature of the reaction mixture at 45-535 °C. The
temperature of the reaction mixture was lowered to 10 °C, and 55 mbL of acetic acid was
dropwise added. The volume of the reaction mixture was adjusted to 2. 5L by adding
water and stirred for 6 hours. The resulting solid was filtered and washed with water to

obtain the subtitled compound 8 with a vield of 75% (538 g).

[60100] Step-4: Synthesis of compound 7:

o] .

s, ey SH30ONa g

LR J&g BnO
. CH40H OH
> LY ft, 1h - NH,

. _ ,

8 2) 5N HCE R?:RE:B!’;
CH,0H

5 /50°C, 1
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[00101} 18.4 g (58 mmol) of 3 4-dibenzyloxybenzaldehyde, sodium methoxide
{(20mL. 28% 1o MeOH, 90mmol), and 20 g (40 mmol) of glycine~ Ni-D-2- [N (N'-
benzylprolyl) amine] benzophenone, § and 50 mL of methanol were put into a dried
flask with a nitrogen balloon and stirred for 1 hoor. After confirming the completion of
the reaction, 3 4-dibenzvioxvbenzaldehyde which remained undissolved was removed by
filtration. The filtrate was dropwise added into 40 mL of 20% acetic acid, and the
resulting solid product was filtrated. The solid product was washed with water and dried

¢}

to obtain the subtitted compound in red with a yield of 82% (26.8 g).

j00102} The compound obtained in the carlier step, 5 g {6 mmot) of i-hydroxy-1-
(3, 4-dibenzyloxyphenvl}) glycine-Ni-D-2- {N- {N'- ben- zylprolyl) amino] benzophenone
was suspended in a mixed solvemt of 75 mL of methanol and 37.3 mL of 3N-HCI1 and
heated to 50 °C. The reaction nuxture wag stirred for 1 hour. After confirming the
completion of the reaction, the methanol in the reaction nuxtore was evaporated, and the
pH of the reaction mixture was adjusted to 6.6, The resulting solid product was filtered
and washed with water. The solid product was completely dried, suspended in acetone,
and filtrated. The resulting solid product was dried to obtain the subtitted compoond 7

with a yield of 93 % (2.2 g).

{06103} Step-5: Synthests of compound 8:

OH O 1) 10% Pd/C. He OH O
RO conc.HCI HO l/LL
Nk OH Ethanol OH
RQO a0 e L HO NHZ
7 2} diethylamine
8
RﬁRan Ethanol
0°C, 24 h
[60104] 7 g {18 mmol) of L-threo-3- (3, 4-dibenzvloxyphenyl) serine 7 was

suspended in 400 mb of ethanol, and 100 mL of cone. HCY and 600 mg of 10% of Pd/C
was added into the reaction mixture, and stirred under the pressure of 1-2atm hydrogen.
The reaction mixture was filtrated to remove PdAC. The filtrate was concentrated,

dissolved in ethanol, and adjusted to pH 5 using a mixture of diethylamine and ethanol.
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The reaction mixture was stirred for 24 bours at 0 °C. The resulting solid product was
filtrated and washed with ethanol and ether to obtain the compound 8 with a vield of 83%

(G.16 g).

{00105} Step-6: Synthesis of compound 10

B Cixaloy! chioride
A N e e S S -
He ~ CHEH,

g i, 2h

O
P GNPy
18

{60106} To a solution of 605 mg of 3,8,11,14,17-cicosapentacnic acid 9 in 6 ml of
dry chloroform was added 0.25 mi of oxalyl chloride under argon at room temperature.
The mixture was reacted for 2 hours. From the reaction muxture were removed
the chloroform and the remaining oxalyl chloride by distillation under reduced pressuve
to give 5,8,11,14, 17-cicosapentacnoy! chloride 18, which was then directly used for the

next step.

{00167} Step-7: Synthesis of compound 11:

CH O 0O
O HO i N o T
. o ot PR OME
o HO 100 °C
ki 8

P! WW
HQD/KHLO RN NI N
HO N,

14

{00108} A solution of compound 8 (2 mmol) in dry DMF (10 mi) was suspended in
anhydrous potassium carbonate (2.2 mmol} at room temperature. To the reaction mixture

was added the DM solution 2 mmol of 10 1n 2 ml DMF prepared above drop wise over
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15 min., and the mixture was heated at 100 °C for 8 hours. From the reaction mixture was
removed insolubles by filtration, and water was added to the filtrate. The mixture was
extracted two times with ethyl acetate (2x10 mi). Organic layer of the extract was washed
with water and dried over anhvdrons sodiam sulfate. Then, the solvent was removed by
distillation under reduced pressure to get the residue was subjected to silica gel column

chromatography to obtain the pure compound 11,

00109} The term “sample" refers to a sample of a body fluid, to a sample of separated
cells or 10 a sample from a tissue or an organ. Samples of body fluids can be obtained by
well known techniques and include, preferably, samples of bood, plasma, serum, or
urine, more preferably, samples of blood, plasma or serum. Tissue or organ samples may
be obtained from any tissue or organ by, ¢.g., biopsy. Separated cells may be obtained
from the body fluids or the tissues or organs by separating techniques such as
centrifugation or cell sorting. Preferably, cell-, tissoe~ or organ samples are obtained from

those cells, tissues or organs which express or produce the peptides reterred to herein.

EQUIVALENTS

{00110} The present disclosure provides among other things compositions and methods
for treating awtononuc and other newrological disorders and theyr complications. While
specific embodiments of the subject disclosure have been discussed, the above

specification is stlustrative and not restrictive.

INCORPORATION BY REFERENCE

[00111}] All publications and patents mentioned herein, including those items listed
above, are hereby incorporated by reference in their entirety as if each individual
publication or patent was specifically and mdividually indicated to be incorporated by
reference. In case of conflict, the present application, including any definitions herein,

will control.
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CLAIMS
1. A compound of fornuda [
Ry 0
R, R
Rg/

Formula |
or a pharmaceutically acceptable salt, hyvdrate, polymorph, solvate, prodrug, enantiomer,
or steregisomer thereof)
Wherein,
R', R® each independently represents ~OFH, ~CH;, F, D, -OD, -NH; or C1;

R, R* each independently represents ~OH, -CHs, F, D, -OD, -NH; ~NH-NH,- or
Cl,

R independently represents H, D, -O-, -CO-,

O Q

o [ EJL /J\E
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Q

a is independently 2.3 or 7;

each b 18 independently 3, S or 6;
e s independently 1, 2 or 6,

¢ and d arg each tndependently H, D, -OH, -QD, C-Ce-alkyl, -NH; or -COCH;
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3

A Pharmaceutical composition comprising a compound of claim 1 and a

pharmaceutically acceptable carrier,

3. The pharmaceutical composition of claim 2, which is formulated to treat the
underlying etiology with an effective amount administering the patient in need by
oral adnunistration, delaved release or sustained release, transmucosal, syrup,
topical, parenteral admimistration, njection, subdermal, oral solution, rectal

administrasion, buccal administration or transdermal administration.

4. A method of treating a disease with autonomic and other neurological disorders as
the underlying etiology, the method comprising administering to a patient in need

thereof an effective amount of claim 3.

3. The method of claim 4, wherein the disease with autonomic and other neurological
disorders as the underlying eticlogy is selected from veurcogenic orthostatic
hypotension (NOH), as well as NOH associated with multiple system atrophy
{(MSA), familial amyioid polyneuropathy {(FAP), pure autonomic failure (PAF), and
Parkinson's disease (PD}), intradialytic hypotension (IDH) or hemodialysis-induced
hypotension, hypotension associgted with fibromvalgia syndrome (FMS) and

chronic fatigue syndrome {CFS).

6. A pharmaceutical composition coniprising a molecular conjugate of droxidopa and
R-Lipoic acid.

7. A pharmaceutical composition comprising a molecalar conjugate a molecular
conjugate of droxidopa and eicosapentaenoic acid,

8. A pharmiacentical composition comprising 8 molecular conjugate a molecular
conjugate of droxidopa and docosahexaenoic acid.

13 A pharmaceutical composition comprising a molecular conjugate a molecular

conjugate of droxidopa and acety] cysteine,
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