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ABSTRACT

Dopamine reuptake inhibitors, and their analogs, are dis-
closed for treating and delaying the progression of autoim-
mune diseases.
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METHOD OF USING DOPAMINE
REUPTAKE INHIBITORS AND THEIR
ANALOGS FOR TREATING AUTOIMMUNE
CONDITIONS AND DELAYING OR
PREVENTING AUTOIMMUNE RELATED
PATHOLOGIC PROGRESSIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a Continuation Applica-
tion of U.S. Non-Provisional Ser. No. 14/200,140, filed Mar.
7, 2014, which issued as U.S. Pat. No. 9,149,466, which is
a Continuation of U.S. Non-Provisional application Ser. No.
13/253,332, filed Oct. 5, 2011, which issued as U.S. Pat. No.
8,691,853, which claims the benefit of U.S. Provisional
Application No. 61/389,944, filed Oct. 5, 2010, and which is
also a Continuation-in-Part of U.S. Non-Provisional appli-
cation Ser. No. 13/180,996, filed July 12, 2011, which issued
as U.S. Pat. No. 8,415,385, which is a Continuation of U.S.
Non-Provisional application Ser. No. 12/048,334, filed Mar.
14, 2008, now abandoned, which claims the benefit of U.S.
Provisional Patent Application No. 60/894,739, filed Mar.
14, 2007. The entire disclosures of the above-referenced
applications are incorporated by reference herein.

FIELD OF INVENTION

[0002] The present invention relates to the field of phar-
macological management of autoimmune diseases, such as
lupus, multiple sclerosis, rheumatoid arthritis, Type 1 dia-
betes mellitus, psoriasis and various types of disease mani-
festations that are associated with activated immunocytes
against host biological systems including cells, tissues and
organs. More specifically, the present invention provides a
method of using certain dopamine reuptake inhibitors hav-
ing dopaminergic activity, alone or in combination with
other therapeutic agents, for the management of the afore-
mentioned immunological maladies generally called auto-
immune diseases.

BACKGROUND OF THE INVENTION

[0003] Autoimmune diseases can be generally attributed
to an over reactive immune response wherein the host
immunocytes including T- and B-cells, monocytes, macro-
phages, and dendritic cells (DCs) are activated to attack
tissues and organs of the host. These types of progressive
diseases exhibit many different phenotypic manifestations.
Common autoimmune diseases include lupus (systemic
lupus erhythematosus or SLE), multiple sclerosis (MS),
rheumatoid arthritis (RA), psoriasis and Type 1 diabetes
mellitus. Less common autoimmune diseases include Anky-
losing spondylitis, Crohn’s disease, Graves’ disease, Guil-
lain-Barré syndrome, and Sjégren’s syndrome. In all auto-
immune diseases referred to hereinabove, the debilitating
symptoms are a result of an overactivated host immune
system assailing host cells, tissues and organs.

[0004] Lupus is a condition wherein the adaptive immune
system systematically attacks the host organs including
kidney, lung, liver, peripheral and central nerve system and
blood vessels. It is more prevalent in women, affecting about
1.5 million Americans today.

[0005] Multiple sclerosis, known as disseminated sclero-
sis or encephalomyelitis disseminate, is an ailment caused
by the loss of fatty myelin sheaths around the axons of the
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brain and spinal cord. The loss of myelin is due to attack of
the host immune systems. It is also more common in women,
affecting about 400,000 Americans today.

[0006] Rheumatoid arthritis is a systemic autoimmune
disorder affecting 1% of the world population. The chronic
illness of RA is three times more prevalent in women than
men. The etiology of RA involves the host immune system
assaulting the host joints.

[0007] Psoriasis is an erythemato-squamous inflammatory
skin disorder which affects approximately 2 to 3% of the
world population causing lifelong suffering through disfig-
urement and pruritus. Psoriasis is associated with various
types of joint inflammation and arthritis, which can affect
normal daily activities, such as use of hands, walking,
sleeping, and sexual activity and lead to disability. Psoriasis
is no longer regarded as a chronic primary dysregulation of
keratinocyte proliferation and is now understood to be a
systemic T-cell mediated autoimmune disease.

[0008] Type 1 diabetes mellitus, also known as IDDM or
juvenile diabetes, affects more than 13,000 young people
each year. Type 1 diabetes is a disecase where the host
immune system attacks the pancreatic insulin secreting
beta-cells, thus rendering the host incapable of utilizing
sugar.

[0009] The aforementioned progressive diseases exhibit a
variety of debilitating symptoms which commonly lead to
death in the absence of effective intervention and manage-
ment. The management or treatment options are often lim-
ited to corticosteroids (e.g. prednisone) or chemotherapeutic
agents (e.g. methotrexate, cyclophosphamide, mycopheno-
late). Unfortunately, the present treatment options are asso-
ciated with deleterious side effects and have limited efficacy.
Thus there is an urgent and unmet need for more efficacious
and clinically viable agents for treating or preventing the
progression of autoimmune diseases.

[0010] Dopaminergic functions may directly mediate the
activities of immunocytes and by extension affect the inte-
gral mechanisms of autoimmune disease. Immunocytes,
such as human peripheral blood mononuclear cells (PBMC)
(Bergquist et al. 1994), neutrophils (Cosentino et al. 1999),
and macrophages (Brown et al. 2003) synthesize dopamine
which may be stored in vesicles. This process is similar to
the storage of dopamine in neurons and other cells. Dop-
amine is a regulator of immunocyte activities through auto-
crine-paracrine mechanisms via dopaminergic receptors that
are expressed on these immunocytes (Cosentino et al. 2007).
There is experimental evidence indicating that dopamine
may mediate immunological homeostasis and inflammatory
responses by inducing apoptosis of certain immunocytes
(Cioca et al. 2000; Josefsson et al. 1996).

[0011] The dopaminergic regulation of immunity may also
be established via interaction between different immuno-
cytes. The net result of these interactions can be either
stimulatory or suppressive. Dendritic cells (DCs) are impli-
cated in the synthesis, storage, release and uptake of dop-
amine. When these dopamine molecules are released, it may
suppress the proliferation of T-cells when the DCs interact
with T-cells (Saha et al. 2001). Dendritic cells have been
proposed to play a pivotal role in the initiation and perpetu-
ation of rheumatoid arthritis by presentation of arthritogenic
antigens to T-cells (Nakano et al. 2009). However, it is
possible that by preventing the reuptake functions of the
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DCs the enriched dopaminergic microenvironment may
suppress T-cells and consequently attenuate the pathogen-
esis of rheumatoid arthritis.

[0012] Besides directly mediating immunity through auto-
crine-paracrine mechanisms of the immunocytes, dopamine
may mediate the activities of immunocytes through neu-
roendocrine mechanisms. Prolactin is a pituitary hormone
important for mammalian reproductive functions and milk
generation. Prolactin is also a trophic factor of immunocytes
(e.g. B-cells) where, prolactin produced by pituitary glands
(neuroendocrine) and immunocytes (autocrine-paracrine), is
needed for the maturation and proper function of immuno-
cytes.

[0013] Dopamine inhibits prolactin production. Elevated
levels of dopamine could therefore inhibit the maturation of
immunocytes (e.g. B-cells) and consequently attenuate the
pathogenesis of autoimmune diseases. In fact, bromocrip-
tine, an ergoalkoid dopamine D, agonist with deleterious
side effects including pleural effusions (Perez-Lloret et al.
2010), is frequently used “off-label” to manage the mani-
festations of lupus (Walker 2001).

[0014] Specific dopamine reuptake inhibition enhances
endogenous dopaminergic activity systematically and/or
within surrounding specific cellular microenvironments
temporally. Such enriched dopaminergic activity may
attenuate the function of immunocytes and curtail their
attack against the host in autoimmune diseases. Moreover,
drugs with enhanced target specificity (specific dopamine
reuptake inhibitors) possess reduced promiscuity resulting
in reduced side effects during treatment. Thus, an efficacious
and clinically viable dopamine reuptake inhibitor may be
used as a therapeutic agent for managing autoimmune
diseases.

SUMMARY OF THE INVENTION

[0015] To address the need of developing more effective
treatments of autoimmune diseases, the present invention
provides a method employing one or more agents including
dopamine reuptake inhibitors that may be used for the
management of pathologic effects of autoimmune diseases.
[0016] In one aspect, the present invention provides a
method of treating autoimmune disease in a patient. The
method involves administering a therapeutically effective
amount of at least one dopamine reuptake inhibitor. Such
dopamine reuptake inhibitors may be administered individu-
ally, or in combination with at least one other therapeutic
agent that is effective in autoimmune disease management.
The other supplemental therapeutic agent can include at
least one dopamine receptor agonist, corticosteroid, and/or
chemotherapeutic agent.

[0017] Preferably, the dopamine reuptake inhibitor used in
this method is 3-(phenylpropyl)-sydnonimine-N-phenylcar-
bamoyl, which has demonstrated the ability to attenuate the
deleterious effects of autoimmune disease in an NZB-NZW
F1 mouse model of lupus.

[0018] The method of the invention is expected to be
effective in managing autoimmune conditions with similar
underlying overtly active immunogenic mechanisms against
the host. These autoimmune conditions include lupus, mul-
tiple sclerosis, psoriasis, theumatoid arthritis, Type 1 diabe-
tes mellitus, ankylosing spondylitis, Crohn’s disease,
Graves’ disease, Guillain-Barré syndrome, or Sjégren’s syn-
drome. Based on studies conducted to date by the present
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inventors, it appears that this invention is at least effective to
attenuate manifestations of lupus.

[0019] Thus, the present invention offers an effective
therapeutic approach to autoimmune management by con-
trolling the activity of immunocytes that have been men-
tioned previously.

DESCRIPTION OF DRAWINGS AND TABLES

[0020] FIG. 1. A chart showing activity profiles of bio-
genic amine reuptake inhibitors (SERT=serotonin trans-
porter; BAT=biogenic amine transporter; CTDP=Cocaine
Therapeutic Development Program; NIDA=National Insti-
tute on Drug Abuse). The axes are ratios of inhibitory Ks.
The y-axis is the compound specific inhibitory potency at
norepinephrine reuptake protein (NET) vs. the inhibitory
potency at dopamine reuptake protein (DAT); when the ratio
is 1, there is no selective inhibitory potency; when the ratio
is <1, the compound are considered DAT selective. Like-
wise, the x-axis concerns compound selectivity between
serotonin and dopamine reuptake proteins. The compounds
with profiles located in the lower left-hand corner are
considered to be dopamine reuptake selective. In this case,
neither 3-(p-methylbenzyl)-sydnonimine-N-phenylcarbam-
oyl nor 3-(phenylpropyl)-sydnonimine-N-phenylcarbamoyl
reside within the this chart for they do not exhibit any
binding affinity with either norepinephrine or serotonin
protein; 3-(phenylethyl)-sydnonimine-N-phenylcarbamoyl
will reside in the very far left hand corner near the x-y origin.
[0021] FIGS. 2A and 2B. Graphical representation of the
results of targeted screening which indicate the target speci-
ficity of representative examples of specific dopamine
reuptake inhibitors (FIG. 2A) 3-(p-methylbenzyl)-sydnon-
imine-N-phenylcarbamoyl and (FIG. 2B) 3-(phenylpropyl)-
sydnonimine-N-phenylcarbamoyl. The compounds 3-(p-
methylbenzyl)-sydnonimine-N-phenylcarbamoyl and
3-(phenylpropyl)-sydnonimine-N-phenylcarbamoyl are
both specific inhibitors of dopamine reuptake. A wide panel
of targeted screens indicated the target specificity of 3-(p-
methylbenzyl)-sydnonimine-N-phenylcarbamoyl Ki, ,,~22
nM;  3-(phenylpropyl)-sydnonimine-N-phenylcarbamoyl
Ki,~7.5 nM; their radioligand binding affinity towards
other catecholamine reuptake sites could not be precisely
determined since the IC,s were >>100 uM. The functional
radioligand reuptake inhibition determinations using rat
brain synaptosomal preparations gave selectivity profiles
consistent with binding data, with both compounds showing
no inhibition of reuptake of norepinephrine and serotonin,
but potent inhibitory dopamine reuptake activity, ECs,5 7
3-(p-methylbenzyl)-sydnonimine-N-phenylcarbamoyl, 41
nM;  3-(phenylpropyl)-sydnonimine-N-phenylcarbamoyl,
100 nM.

[0022] FIG. 3. A graphical representation of the survival
results of NZB-NZW F1 mice. NZB-NZW F1 mice develop
an autoimmune disease resembling human systemic lupus
erythematosus. The incidence and severity of symptoms is
more pronounced in females. The lifespan for NZBWF1
females is about 245 days. As shown, treatment with 3-(phe-
nylpropyl)-sydnonimine-N-phenylcarbamoyl extended the
life expectancy of the lupus animal models.

DETAILED DESCRIPTION OF THE
INVENTION
[0023] The compounds that may be used in practicing the

method of this invention are specific dopamine reuptake
inhibitors of the formula:
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[0024] wherein R, R,, R;, R,, R and R, independently
of one another, are substituents selected from H, C,-Cq
alkyl, OH, halogen, Cs-C,, aryl, C,-C,, aralkyl, C,-Cq
alkylthio, C,-C4 alkoxy, SH, C,-C alkenyl, C,-C, alkynyl,
C;-C; cycloalkyl, CN, NO,, carboxy, carbalkoxy, carbox-
amido, alkylsulfonyl, alkylsulfonyloxy, aminosulfinyl,
monoalkylaminosulfinyl, dialkylaminosulfinyl, aminosulfo-
nyl, monoalkylaminosulfonyl, dialkylaminosulfonyl, alkyl-
sulfonylamino, hydroxysulfonyloxy, alkoxysulfonyloxy,
alkylsulfonyloxy, hydroxysulfonyl, alkoxysulfonyl, alkyl-
sulfonylalkyl, aminosulfonylalkyl, monoalkylaminosulfo-
nylalkyl, dialkyaminosulfonylalkyl, aminosulfinylalkyl,
monoalkylaminosulfinylalkyl,  dialkylaminosulfinylalkyl,
said alkyl, alkenyl, alkynyl or cycloalkyl substituent being
optionally substituted by at least one halogen, OH, SH, NH,,,
C,-C, monoalkylamino, C,-C, dialkylamino, COOH, CN,
NO,, C,-C, alkyl or C,-C, alkoxy group, said aryl and
aralkyl substituent being optionally substituted by at least
one halogen, OH, SH, NH,, C,-C, monoalkylamino, C,-C,
dialkylamino, COOH, CN, NO,, C,-C, alkyl or C,-C,
alkoxy group;

[0025] R,, R, and R, independently of one another, rep-
resent substituents selected from H, C,-C, alkyl, phenyl or
phenyl C,-C, alkyl, said alkyl substituent, said phenyl sub-
stituent and said phenyl C,-C, alkyl substituent being
optionally substituted by at least one halogen, OH, SH, NH,,,
C,-C, alkylmethylamino, C,-C, dialkylamino, COOH, CN,
NO,, C,-C, alkyl or C,-C, alkoxy group;

[0026] m, n and k are independent integers from 0-4,
except that m+n=0;

[0027] and the pharmaceutically acceptable salts of said
compound.
[0028] It should be appreciated that compounds of For-

mula (I), above, may have one or more asymmetric centers
and thus exist as stereoisomers, including enantiomers and
diastereomers, which are usually named according to the
Cahn-Ingold-Prelog system. Although the structure of For-
mula I is represented without regard to stereochemistry, it is
intended to include all possible stereoisomers, which may be
racemic mixtures or other mixtures of R and S stereoisomers
(scalemic mixtures which are mixtures of unequal amounts
of enantiomers), as well as resolved, substantially pure
optically active forms, and pharmaceutically acceptable salts
thereof.

[0029] Stercoisomers of the compounds of formula (I),
above, can be selectively synthesized or separated into pure,
optically-active form using conventional procedures known
to those skilled in the art of organic synthesis. For example,
mixtures of stereoisomers may be separated by standard
techniques including, but not limited to, resolution of race-
mic forms, normal, reverse-phase, and chiral chromatogra-
phy, preferential salt formation, recrystallization, and the
like, or by chiral synthesis either from chiral starting mate-
rials or by deliberate synthesis of target chiral centers.

Rg

[0030] All of the various isomeric forms of the compound
of Formula (I), above, are within the scope of this invention.
[0031] As used herein, the “alkyl” refers to saturated
straight and branched chain hydrocarbon radicals, having
1-6 and preferably 1-4 carbon atoms. The term “alkenyl” is
used to refer to unsaturated straight and branched chain
hydrocarbon radicals including at least one double bond, and
having 2-7 and preferably 2-5 carbon atoms. Such alkenyl
radicals may be in trans (E) or cis (Z) structural configura-
tions. The term “alkynyl” is used herein to refer to both
straight and branched unsaturated hydrocarbon radicals
including at least one triple bond and having 2-7 and
preferably 2-5 carbon atoms.

[0032] The term “cycloalkyl” as used herein refers to a
saturated cyclic hydrocarbon radical with one or more rings,
having 3-14 and preferably 5 or 6-10 carbon ring-atoms.
[0033] Any alkyl, alkenyl, alkynyl or cycloalkyl moiety of
a compound described herein may be substituted with one or
more groups, such as halogen, OH, SH, NH,, C,-C, mono-
alkylamino, C,-C, dialkylamino, COOH, CN, NO,, C,-C,
alkyl or C,-C, alkoxy.

[0034] The term “aryl” as used herein refers to an aromatic
hydrocarbon radical composed of one or more rings and
having 5 or 6-14 carbon atoms and preferably 5 or 6-10
carbon atoms, such as phenyl, naphtnyl, biphenyl, fluorenyl,
indanyl, or the like. Any aryl moiety of a compound
described herein may be substituted with one or more
groups, such as halogen, OH, SH, NH,, C,-C, monoalky-
lamino, C,-C, dialkylamino, COOH, CN, NO,, C,-C, alkyl
or C,-C, alkoxy. The aryl moiety is preferably substituted or
unsubstituted phenyl.

[0035] The term “arylalkyl” or “aralkyl” as used herein
refers to radicals having 6 to 20 carbon atoms that combine
both an aryl and an alkyl group, as defined above. Any
aralkyl moiety of a compound described herein may option-
ally be substituted with one or more of the same substituent
groups mentioned above in reference to the aryl radical.
[0036] The term “halogen” or “halo” as used herein refers
to Fl1, Cl, Br and 1.

[0037] The term “alkoxy” refers to alkyl-O—, in which
alkyl is as defined above.

[0038] The term “alkylthio” refers to alkyl-S—, in which
alkyl is as defined above.

[0039] The term “carboxy” refers to the moiety —C(—0)
OH.
[0040] The term “carbalkoxy” refers to the moiety

—C(=—0)0-alkyl, in which alkyl is as defined above.
[0041] The term “carboxamido” refers to the moiety
—C(—=0)O—NR'R", in which R' and R", each indepen-
dently represents H, alkyl, aryl or aralkyl, all as previously
defined.

[0042] The term “alkylsulfonyl” refers to the moiety
—S(=0),-alkyl, in which alkyl is as previously defined.
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[0043] The term “alkylsulfonyloxy” refers to the moiety
—OS(=0),-alkyl, wherein alkyl is as previously defined.
[0044] The term “amino(monoalkylamino-, dialky-
lamino-)sulfinyl” refers to the moiety —S(—O)NR'R" in
which R' and R" each independently represents H, alkyl, aryl
or aralkyl, all as previously defined.

[0045] The term “amino(monoalkylamino-, dialky-
lamino-)sulfonyl” refers to the moiety —S(—0),NR'R", in
which R' and R" each independently represents H, alkyl, aryl
or aralkyl, all as previously defined.

[0046] The term “alkylsulfonylamino” refers to the moiety
—NHS(=—0),-alkyl, in which alkyl is as previously defined.
[0047] The term “hydroxysulfonyloxy” refers to the moi-
ety —OS(—0),0H.

[0048] The term “alkoyxsulfonyloxy” refers to the moiety
—O8S(=0),0-alkyl, in which alkyl is as previously defined.
[0049] The term “alkylsulfonyloxy” refers to the moiety
—OS(=0),-alkyl, in which alkyl is as previously defined.
[0050] The term “hydroxysulfonyl” refers to the moiety
—S(—0),0H.

[0051] The term “alkoxysulfonyl” refers to the moiety
—S8(=—0),0-alkyl, wherein alkyl is as previously defined.
[0052] The term “alkylsulfonylalkyl” refers to the moiety
-alkyl-S(—0),-alkyl, wherein alkyl (each instance) is as
previously defined.

[0053] The term “amino(monoalkylamino-, dialky-
lamino-)sulfonylalkyl” refers to the moieties -alkyl-S(—0)
,—NR'R", wherein alkyl is as previously defined, and R' and
R" each independently represents H, alkyl, aryl or aralkyl,
all as previously defined.

[0054] The term “amino(monoalkylamino-, dialky-
lamino-)sulfinylalkyl” refer to the moieties -alkyl-S(—O)—
NR'R", wherein alkyl is as previously defined, and R' and R"
each independently represents H, alkyl, aryl or aralkyl, all as
previously defined.

[0055] Preferred are the compounds of Formula (1), above,
wherein phenyl rings A and/or B are mono- or di-substituted.
When the A and/or B ring is mono-substituted, para-substi-
tution is preferred. When the A and/or B ring is di-substi-
tuted, 3, 4-di-substitution is preferred. Most preferred are
compounds in which the A ring is para-substituted, e.g.,
3-(4-methylbenzyl)sydnominine-N-phenylcarbamoyl, com-
pounds in which the B ring is 3, 4-di-substituted, e.g.,
3-phenethyl-sydnominine-N-(3,4-dichlorophenyl)carbam-
oyl and compounds in which the A ring is para-substituted
and the B ring is 3,4-di-substituted, e.g., 3-(4-nitrophen-
ethyl)-sydnominine-N-(3,4-dinitro-phenyl)carbamoyl. Also
preferred are compounds wherein m+n=1 or 3 in formula (),
above.

[0056] The term “pharmaceutically acceptable salts” as
used herein refers to salts derived from non-toxic physi-
ologically compatible acids and bases, which may be either
inorganic or organic. Thus, when a compound of Formula I
has an acid moiety, e.g., 3-(4-carboxylbenzyl)-sydnominine-
N-phenylcarbamoyl, useful salts may be formed from physi-
ologically compatible organic and inorganic bases, includ-
ing, without limitation, alkali and alkaline earth metal salts,
e.g., Na, Li, K, Ca, Mg, as well as ammonium salts, and salts
of organic amines, e.g., ammonium, trimethylammonium,
diethylammonium, and tris-(hydroxymethyl) methylammo-
nium salts. The compounds of the invention also form salts
with organic and inorganic acids, including, without limita-
tion, acetic, ascorbic, lactic, citric, tartaric, succinic,
fumaric, maleic, malonic, mandelic, malic, phthalic, salicy-
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clic, hydrochloric, hydrobromic, phosphoric, nitric, sulfuric,
methane sulfonic, naphthalene sulfonic, benzene sulfonic,
toluene sulfonic and similar known, physiologically com-
patible acids. In addition, when a compound of Formula I
contains both a basic moiety and an acidic moiety, zwitte-
rions (“inner salts”) may be formed and are included within
the term “salt(s)” as used herein.

[0057] Specific dopamine reuptake inhibitors, which are
preferred compounds for use in this practice of the inven-
tion, have a dopamine transporter (DAT) binding inhibition
(at 10 um) of greater than or equal to 90% and a norepi-
nephrine transporter protein (NET) binding inhibition (at 10
uM) of less than or equal to 20%.

[0058] In vitro studies have been performed that demon-
strate the specific DAT inhibition activity of the compounds
of the invention. DAT inhibition activity was tested accord-
ing to the procedure described by J. Javitz et al., Mol.
Pharmacol., 26: 35-44 (1984). The test results for a number
of the representative compounds of the invention are
reported hereinbelow.

[0059] In general, the compounds of the invention can be
administered to achieve specific dopamine reuptake inhibi-
tion by using any acceptable means known in the art, either
alone or in combination with one or more other therapeutic
agents. Thus, the active agent(s) can be administered orally,
parenterally, such as by intravenous or intraarterial infusion,
intramuscular, intraperitoneal, intrathecal or subcutaneous
injection, by liposome-mediated delivery, rectally, vaginally,
by inhalation or insufflation, transdermally or by otic deliv-
ery.

[0060] Combination therapy may be administered using a
dopamine reuptake inhibitor, as described above, and one or
more dopamine receptor agonist(s), corticosteroid(s), and/or
chemotherapeutic agent(s) effective for managing the mani-
festations of autoimmune diseases. These agents may be
administered as separate dosage units or formulated for
administration together, according to procedures well
known to those skilled in the art. See, for example, Rem-
ington: The Science and Practice of Pharmacy, 20th ed., A.
Genaro et al., Lippencot, Williams & Wilkins, Baltimore,
Md. (2000). The combinations administered in accordance
with this invention include combinations of two or more of
the dopamine reuptake inhibitors described above, or one or
more such inhibitors in conjunction with at least one dop-
amine receptor agonist, corticosteroid and chemotherapeutic
agent.

[0061] The dopamine receptor agonist that may be used in
accordance with the present invention includes, without
limitation, cabergoline, pergolide, pramipexole, ropinirole,
apomorphine, rotigotine, fenoldopam, dopamine, and
levodopa. These are clinically effective dopamine receptor
agonists, which should be administered in accordance with
the manufacturers’ recommendations.

[0062] The dopamine reuptake inhibitor(s) described
above may be co-administered with a corticosteroid includ-
ing, without limitation, prednisone, betamethasone, dexam-
ethasone, hydrocortisone, and methylprednisone acetate, or
a combination thereof.

[0063] The dopamine reuptake inhibitor(s) described
above may also be co-administered with a chemotherapeutic
agent, including, without limitation, methotrexate, cyclo-
phosphamide, mycophenolate, chlorambucil, azathioprine,
6-mercaptopurine, leflunomide, cyclosporine, tacrolimus,
and sirilimus, or a combination thereof.
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[0064] Normally, a daily dose of the compound of the
invention in the range from about 0.01 mg to about 200
mg/kg of body weight can be administered. A daily dose of
from 0.1 to 100, and preferably from 1 to 30 mg/kg per day
in one or more applications per day should be effective to
produce the desired result. By way of example, a suitable
dose for oral administration would be in the range of 1-30
mg/kg of body weight per day, whereas a typical dose for
intravenous administration would be in the range of 1-10
mg/kg of body weight per day. Of course, as those skilled in
the art will appreciate, the dosage actually administered will
depend upon the condition being treated, the age, health and
weight of the recipient, the type of concurrent treatment, if
any, and the frequency of treatment. Moreover, the effective
dosage amount may be determined by one skilled in the art
on the basis of routine empirical activity testing to measure
the bioactivity of the compound(s) in a bioassay, and thus
establish the appropriate dosage to be administered.

[0065] As used herein, the expression “method of treating
autoimmune disease” refers to a treatment using one or more
of the compounds described herein which provide(s) relief
from or alleviation of symptoms of the disease, delays onset
or progression of the disease or effects a complete cure of the
disease. The autoimmune diseases include, without limita-
tion, lupus, Type I diabetes mellitus, multiple sclerosis,
rheumatoid arthritis, ankylosing spondylitis, Crohn’s dis-
ease, Graves’ disease, Guillain-Barré syndrome, psoriasis
and Sjogren’s syndrome. The method of treating autoim-
mune symptoms and delaying or preventing autoimmune
associated pathologic conditions, such as lupus, multiple
sclerosis, and rheumatoid arthritis with dopamine reuptake
inhibitors described herein may be used as an adjunct to the
current standards of care.

[0066] The compounds of the invention will typically be
administered from 1-4 times a day, so as to deliver the
above-mentioned daily dosage. However, the exact regimen
for administration of the compounds and compositions
described herein will necessarily be dependent on the needs
of the individual subject being treated, the type of treatment
administered and the judgment of the attending medical
specialist. As used herein, the term “subject” includes both
humans and animals.

[0067] The compounds of the invention may be adminis-
tered as such, or in a form from which the active agent can
be derived, such as a prodrug. A prodrug is a derivative of
a compound described herein, the pharmacologic action of
which results from the conversion by chemical or metabolic
processes in vivo to the active compound. Prodrugs include,
without limitation, ester derivatives of the compounds of
formula I, above. Other prodrugs may be prepared according
to procedures well known in the field of medicinal chemistry
and pharmaceutical formulation science. See, e.g., Lombaert
etal., J. Med. Chem., 37: 498-511 (1994); and Vepsalainen,
Tet. Letters, 40: 8491-8493 (1999).

[0068] The DAT specific compounds described herein and
the pharmaceutically acceptable salts thereof are preferably
formulated in unit dosage form for ease of administration
and uniformity of dosage. The expression “unit dosage
form” as used herein refers to a physically discrete unit of
the active agent appropriate for the subject to be treated.
Each dose should contain the quantity of active ingredient
calculated to produce the desired therapeutic effect, either as
such, or in association with the selected pharmaceutical
carrier medium and/or supplemental active agent(s), if any.

Aug. 24,2017

Typically, the DAT inhibitory compounds of the invention
will be administered in dosage form containing from about
0.01 mg to about 200 mg of the active ingredient per
kilogram of the subject weight, with a range of about 5 mg
to about 15 mg per kilogram of subject weight being
preferred.

[0069] The orally administered dosage unit may be in the
form of tablets, caplets, dragees, pills, semisolids, soft or
hard gelatin capsules, aqueous or oily solutions, emulsions,
suspensions or syrups. Suitable dosage forms for parenteral
administration include injectable solutions or suspensions,
suppositories, powder formulations, such as microcrystals or
aerosol spray. The active agent may also be incorporated
into a conventional transdermal delivery system.

[0070] As used herein, the expression “pharmaceutically
acceptable carrier medium” includes any and all solvents,
diluents, or other liquid vehicle, dispersion or suspension
aids, surface agent agents, isotonic agents, thickening or
emulsifying agents, preservatives, solid binders, lubricants,
fillers and the like as suited for the particular dosage form
desired. Remington: The Science and Practice of Pharmacy,
207 edition, A. R. Genaro et al., Part 5, Pharmaceutical
Manufacturing, pp. 669-1015 (Lippincott Williams &
Wilkins, Baltimore, Md./Philadelphia, Pa.) (2000)) discloses
various carriers used in formulating pharmaceutical compo-
sitions and known techniques for the preparation thereof.
Except insofar as any conventional pharmaceutical carrier
medium is incompatible with the DAT inhibitor compounds
of the present invention, such as by producing an undesir-
able biological effect or otherwise interacting in an delete-
rious manner with any other component(s) of a formulation
comprising such compounds, its use is contemplated to be
within the scope of this invention.

[0071] For the production of solid dosage forms, including
hard and soft capsules, the therapeutic agent may be mixed
with pharmaceutically inert, inorganic or organic excipients,
such as lactose, sucrose, glucose, gelatine, malt, silica gel,
starch or derivatives thereof, talc, stearic acid or its salts,
dried skim milk, vegetable, petroleum, animal or synthetic
oils, wax, fat, polyols, and the like. For the production of
liquid solutions, emulsions or suspensions or syrups one
may use excipients such as water, alcohols, aqueous saline,
aqueous dextrose, polyols, glycerine, lipids, phospholipids,
cyclodextrins, vegetable, petroleum, animal or synthetic
oils. For suppositories one may use excipients, such as
vegetable, petroleum, animal or synthetic oils, wax, fat and
polyols. For aerosol formulations, one may use compressed
gases suitable for this purpose, such as oxygen, nitrogen and
carbon dioxide. The pharmaceutical composition or formu-
lation may also contain one or more additives including,
without limitation, preservatives, stabilizers, e.g., UV stabi-
lizers, emulsifiers, sweeteners, salts to adjust the osmotic
pressure, buffers, coating materials and antioxidants.

[0072] The present invention further provides controlled-
release, sustained-release, or extended-release therapeutic
dosage forms for the pharmaceutical composition, in which
the composition is incorporated into a delivery system. This
dosage form controls release of the active agent(s) in such a
manner that an effective concentration of the active agent(s)
in the bloodstream can be maintained over an extended
period of time, with the concentration in the blood remaining
relatively constant, to improve therapeutic results and/or
minimize side effects. Additionally, a controlled-release
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system would provide minimum peak to trough fluctuations
in blood plasma levels of the active agent.

[0073] In the pharmaceutical compositions of the inven-
tion, the active agent(s) may be present in an amount of at
least 0.5 and generally not more than 95% by weight, based
on the total weight of the composition, including carrier
medium and/or supplemental active agent(s), if any. Prefer-
ably, the proportion of active agent(s) varies between
30-90% by weight of the composition.

[0074] The synthesis, formulation of pharmaceutical com-
positions, preparation of suitable dose forms, mode and
amounts of administration of such dopamine reuptake
inhibitors are described in detail in U.S. Patent Application
Publication No. US 2009/0215839.

[0075] One compound that has been tested for use in the
method of the invention is 3-(phenylpropyl)-sydnonimine-
N-phenylcarbamoyl. Additional compounds that are also
dopamine reuptake inhibitors and may be utilized in the
present method include, without limitation: 3-(3,5-difluo-
robenzyl)-sydnonimine-N-phenylcarbamoyl, 3-(3-fluo-
robenzyl)-sydnonimine-N-phenylcarbamoyl,  3-(4-trifluo-

romethyl-benzyl)-sydnonimine-N-phenylcarbamoyl, 3-(4-
fluorobenzyl)-sydnonimine-N-phenylcarbamoyl, 3-(4-tert-
butylbenzyl)-sydnonimine-N-phenylcarbamoyl, 3-(4-

methylbenzyl)-sydnonimine-N-(4-trifluoromethyl-phenyl)
carbamoyl, 3-(4-methylbenzyl)-sydnonimine-N-
phenylcarbamoyl, 3-(4-nitrophenethyp-sydnonimine-N-(3,
4-dinitrophenyl)carbamoyl and 3-(4-methylbenzyl)-
sydnonimine-N-(4-dimethylamino-phenyl)carbamoyl.
[0076] FIG. 1 shows the activity profiles of biogenic
amine reuptake inhibitors that have been discovered and
tested by the National Institute on Drug Abuse (NIDA). The
compounds with profiles located in the lower left-hand
corner are considered to be dopamine reuptake selective, yet
none of them is specific for dopamine reuptake inhibition.
Indeed, all display some NET inhibitory activity. This dis-
tribution is based on the results of certain binding assays
which are described below.

[0077] As shown in FIGS. 2A and 2B, a wide panel of
targeted screens indicated the target specificity of 3-(4-
methylbenzyl)-sydnonimine-N-phenylcarbamoyl (FIG. 2A)
and 3-(phenylpropyl)-sydnonimine-N-phenylcarbamoyl
(FIG. 2B) at 10 uM. The experiments referred to herein are
described in detail in U.S. Patent Application Publication
No. US 2009/0215839.

[0078] The methods of the present invention will normally
include medical follow-up to determine the therapeutic or
prophylactic effect brought about in the patient undergoing
treatment with the compound(s) and/or composition(s)
described herein.

[0079] The following examples are provided to describe
the invention in further detail. These examples are provided
for illustrative purposes only and are not intended to limit
the invention in any way.

EXAMPLE 1

[0080] When evaluated in the radioligand binding assays,
compounds were tested at 10 uM. At this specific concen-
tration, compounds showed =90% inhibitory effect in the
DAT binding assay (radioligand *H-WIN5428) and <20%
inhibition in the NET binding assay (radioligand *H-Nisox-
etine) are considered to be DAT specific. For instance,
3-(p-methylbenzyl)-sydnonimine-N-phenylcarbamoyl at 10
uM showed 94% inhibitory effect in the DAT binding assay;
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14% in NET; 3-(p-methylbenzyl)-sydnonimine-N-phenyl-
carbamoyl was considered to be DAT specific. 3-(phenyl-
propyl)-sydnonimine-N-phenylcarbamoyl at the same con-
centration showed inhibitory effect with DAT about 96%;
with NET, 1%. Likewise, 3-(phenylpropyl)-sydnonimine-N-
phenylcarbamoyl was considered to be an DAT specific
inhibitor. ~ 3-(phenylethyl)-sydnonimine-N-phenylcarbam-
oyl, on the other hand, showed an inhibitory effect at DAT
about 100% but with NET, 35% (at 10 uM), thus, 3-(phe-
nylethyl)-sydnonimine-N-phenylcarbamoyl was considered
to be a selective (instead of specific) DAT inhibitor.

EXAMPLE 2

[0081] Specific binding affinities in combination with
functional radioligand uptake assays confirmed the selection
threshold.  3-(p-methylbenzyl)-sydnonimine-N-phenylcar-
bamoyl showed a specific affinity with DAT Ki, ,,~22 nM;
3-(phenylpropyl)-sydnonimine-N-phenylcarbamoyl,
Kip;~7.5 nM; their radioligand binding affinity towards
other catecholamine reuptake sites could not be precisely
determined since the IC5,s were >100 uM. The functional
radioligand reuptake inhibition determinations using rat
brain synaptosomal preparations gave selectivity profiles
consistent with binding data, with both compounds showing
no inhibition of reuptake of norepinephrine and serotonin,
but potent inhibitory DA reuptake activity (ECsqp47 3-(p-
methylbenzyl)-sydnonimine-N-phenylcarbamoyl, 41 nM;
3-(phenylpropyl)-sydnonimine-N-phenylcarbamoyl, 100
nM). The corresponding data for 3-(phenylethyl)-sydnon-
imine-N-phenylcarbamoyl are binding, Ki,, =15 nM,
Kiyz~>10 puM; and functional, ECs,,,,~100 nM,
EC5onz7=4.4 1M indicating DAT selectivity). One of the
most important safety issues concerning treating complex
disease conditions is potential drug-drug interactions. All
three compounds showed no apparent activity against the
most prevalent human cytochrome P450 enzymes
(CYP1A1, CYP2A6, CYP2C19, CYP2C9, CYP2D6 and
CYP3A4).

EXAMPLE 3

[0082] Mediation of lupus conditions: Systemic lupus
erythematosus (SLE) is a chronic, inflammatory, autoim-
mune disease of unknown origin. NZBWF1/J (or NZB/W/]
or NZB-NZW F1) develops an autoimmune disease resem-
bling human systemic lupus erythematosus. Autoimmunity
is characterized by high levels of antinuclear antibodies,
hemolytic anemia, proteinuria, and progressive immune
complex glomerulonephritis (GN). The incidence and sever-
ity of symptoms are more pronounced in females (Rudofsky
and Lawrence, 1999). The penetrance for murine glomeru-
lonephritis (GN) is about 85 (Morel and Wakeland, 1998)
and the average lifespan for females NZBWF1 is 245 days.
NZBWF1/] mice have been used as a model for autoimmune
disease since the early 1960s.

[0083] NZBWF1/] mice were used in this study. 40
NZBWF1/] mice (Jax labs; date of birth Oct. 13, 2009) were
randomly divided into 4 groups (10 in each group). These
animals were housed in groups (n=5) and kept under a 12-hr
light/dark cycle with food and water available ad libitum for
approximately 5 months. Starting at or about the end of the
5% month, different groups of mice were then treated either
with a drug, bromocriptine, known to attenuate the effects of
lupus (positive control) at 2.5 mg/kg; or with vehicles
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(aqueous mixture of neutral solvents) as negative control
(un-treated); or with 3-(phenylpropyl)-sydnonimine-N-phe-
nylcarbamoyl (dopamine reuptake inhibitor) at either 5
mg/kg and 15 mg/kg. After 7 months, 80% of the vehicle
treated (untreated) subjects died, whereas 70% (@5 mg/kg)
and 80% (@15 mg/kg) of the dopamine reuptake inhibitor
treated mice survived healthily. After 7 months, 70% of the
mice in the positive control group, treated with bromocriptin
(@2.5 mg/kg) survived healthily. The result of this study is
shown in Table 1 and FIG. 3.

[0084] This study confirms that in an animal model of
lupus, the specific dopamine reuptake inhibitor, 3-(phenyl-
propyl)-sydnonimine-N-phenylcarbamoyl, is at least com-
parable and possibly more clinically viable than bromocrip-
tine. Indeed, the dopamine reuptake inhibitor tested
prolonged the healthy life of NZBWF1/J mice after the onset
of the autoimmune disease in the model.

TABLE 1
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limits the scope of a claim to the specified elements, steps or
material(s) and those that do not materially affect the basic
and novel characteristic(s) of the claimed invention. All
compositions and methods of use thereof that embody the
present invention can, in alternate embodiments, be more
specifically defined by any of the transitional terms “com-

2

prising”, “consisting essentially of” and “consisting of”.
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We claim:

1. A method of providing relief from or alleviating symp-
toms of or delaying the progression of autoimmune disease
in a patient in need of said provision of relief or alleviation
of symptoms or delay of progression, the method compris-
ing administering a therapeutically effective amount of at
least one compound having the formula:
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wherein R,, R,, R;, R,, R and R, independently of one
another, are substituents selected from H, C,-C, alkyl,
OH, halogen, C5-C,, aryl, C4-C,, aralkyl, C,-C; alky-
Ithio, C,-Cg alkoxy, SH, C,-C; alkenyl, C,-C, alkynyl,
C,-C cycloalkyl, CN, NO,, carboxy, carbalkoxy, car-
boxamido, alkylsulfonyl, alkylsulfonyloxy, aminosulfi-
nyl, monoalkylaminosulfinyl, dialkylaminosulfinyl,
aminosulfonyl, monoalkylaminosulfonyl, dialkylam-
inosulfonyl, alkylsulfonylamino, hydroxysulfonyloxy,
alkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl,
alkoxysulfonyl, alkylsulfonylalkyl, aminosulfonylal-
kyl, monoalkylaminosulfonylalkyl, dialkyaminosulfo-
nylalkyl, aminosulfinylalkyl, monoalkylaminosulfinyl-
alkyl, dialkylaminosulfinylalkyl, said alkyl, alkenyl,
alkynyl or cycloalkyl substituent being optionally sub-
stituted by at least one halogen, OH, SH, NH,, C,-C,
monoalkylamino, C,-C, dialkylamino, COOH, CN,
NO,, C,-C, alkyl or C,-C, alkoxy group, said aryl and
aralkyl substituent being optionally substituted by at
least one halogen, OH, SH, NH,, C,-C, monoalky-
lamino, C,-C, dialkylamino, COOH, CN, NO,, C,-C,
alkyl or C,-C, alkoxy group;

R,, R, and R, independently of one another, represent
substituents selected from H, C,-C, alkyl, phenyl or
phenyl C,-C, alkyl, said alkyl substituent, said phenyl

NH—+FCH
;I <\
R |
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substituent and said phenyl C,-C, alkyl substituent
being optionally substituted by at least one halogen,
OH, SH, NH,, C,-C, alkylmethylamino, C,-C, dialky-
lamino, COOH, CN, NO,, C,-C, alkyl or C,-C, alkoxy
group;

m, n and k are independent integers from 0-4, except that
m+n=0;

and the pharmaceutically acceptable salts of said com-
pound.

2. The method according to claim 1, wherein said at least
one compound administered is selected from the group
consisting of 3-(phenylpropyl)-sydnonimine-N-phenylcar-
bamoyl, 3-(3',5'-difluorobenzyl)-sydnonimine-N-phenylcar-
bamoyl, 3-(m-fluorobenzyl)-sydnonimine-N-phenylcar-
bamoyl, 3-(p-trifluoromethyl-benzyl)-sydnonimine-N-
phenylcarbamoyl, 3-(p-fluorobenzyl)-sydnonimine-N-
phenylcarbamoyl, 3-(p-tert-butylbenzyl)-sydnonimine-N-
phenylcarbamoyl, 3-(p-methylbenzyl)-sydnonimine-N-(p'-
trifluoromethyl-phenyl)carbamoyl, 3-(p-methylbenzyl)-
sydnonimine-N-phenylcarbamoyl, 3-(phenylethyl)-
sydnonimine-N-phenylcarbamoyl, (3-(phenylethyl)-
sydnonimine-N-phenylcarbamoyl and 3-(p-methylbenzyp-
sydnonimine-N-(p'-dimethylamino-phenyl)carbamoyl.

3. The method according to claim 1, wherein said at least
one compound administered is 3-(phenylpropyl)-sydnon-
imine-N-phenylcarbamoyl.

4. The method according to claim 1, wherein said at least
one compound is administered in conjunction with at least
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one other therapeutic agent selected from the group consist-
ing of a dopamine receptor agonist, corticosteroid, and
chemotherapeutic agent.

5. The method according to claim 4, wherein said com-
pound is administered in conjunction with a dopamine
receptor agonist selected from the group consisting of cab-
ergoline, pergolide, pramipexole, ropinirole, apomorphine,
rotigotine, fenoldopam, dopamine, and levodopa.

6. The method according to claim 4, wherein said com-
pound is administered in conjunction with a corticosteroid
selected from the group consisting of betamethasone, dex-
amethasone, hydrocortisone, methyl prednisone acetate, and
prednisone.

7. The method according to claim 4, wherein said com-
pound is administered in conjunction with a chemothera-
peutic agent selected from the group consisting of cyclo-
phosphamide, chlorambucil, azathioprine, methotrexate,
6-mercaptopurine, leflunomide, cyclosporine, tacrolimus,
sirilimus, and mycophenolate.

8. The method according to claim 1, wherein said auto-
immune disease is selected from the group consisting of
Type 1 diabetes mellitus, rtheumatoid arthritis, ankylosing
spondylitis, Crohn’s disease, Graves’ disease, Guillain-
Barré syndrome, psoriasis, and Sjogren’s syndrome.



US 2017/0239224 Al

9. The method according to claim 1, wherein said auto-
immune disease is rheumatoid arthritis.

10. The method according to claim 1, wherein said at least
one compound is administered in solid form, also compris-
ing a pharmaceutically acceptable excipient.

11. The method according to claim 1, wherein said at least
one compound is administered in liquid form, also compris-
ing a pharmaceutically acceptable diluents.

12. The method according to claim 1, wherein said at least
one compound is administered in dosage unit form.

13. The method according to claim 12, wherein said
compound is administered in dosage unit form containing
from about 0.01 to about 200 mg of said compound per
kilogram of patient body weight per day.

14. The method according to claim 13, wherein said
dosage unit includes a pharmaceutically acceptable vehicle.

15. The method according to claim 13, wherein said
dosage unit includes a pharmaceutically suitable vehicle for
extended release.

16. The method according to claim 1, wherein said
compound is administered via a route selected from the
group of orally, parenterally, by intraperitoneal injection, by
intrathecal injection, by subcutaneous injection, or transder-
mally.

17. The method according to claim 1, wherein said at least
one compound is administered as a prodrug.
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