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SMALL MOLECULE MODULATORS OF G PROTEIN-COUPLED

RECEPTOR SIX

RELATED CASES

This patent document is related to U.S. Patent Application 09/364,425 filed via Express
Mail on July 30, 1999 claiming the benefit of commonly owned: (1) Provisional Patenf
Appﬁcaﬁon Serial Number 60/094,37'9, filed July 31, 199é; (2) Provisional Patent Application
Serial Number 60/106,300, filed October 30, 1998; (3) Provisional Patent Application Serial . |
Number 60/1 10,906, filed December 4, 1998; (4) Provisionél Patent'Application Serial Number
60/121,851, filed February 26, 1999 (5) Provisional Patent Application Serial Number
60/173,850, filed December 30, 1999; and (6) Provisional Patent Application Serial Number
60/174,428, filed Jannary 4, 2000. The discloéure of each of the foregoing patent documents is
incdrporated in its entirety h_érein ‘ﬁy reference.. Priority beﬁeﬁt of afofemenﬁoned U.S.
Application Ser. No. 09/364,425 and Provisional Pgteht Applicatioﬂs (4), (5) and (6) above is
hereby claimed. . -

FELD OF INVENTION

The present invention relates to small molecule modulators of G protein-coupled

receptor six (GPR6); prefér#bly, the small n_lolecule ﬁmdulators are preferentially selected for

the human GPR6; most preferably, the small molecule modulators are inverse agonists to the
human GPRS. |
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BACKGROUN]) OF THE INVENTION.

A, G Protein-éoupled Receptors

| G protein-coupled receptors (GPCR) share a common structural motif All these
Teceptors have seven sequences of between 22 to 24 hydrophobic amino acids that form
seven alpha helices, each of which spans the membrane. The transmembrane helices are
joined by strands of amino acids having a larger loop between the fourth and fifth
transmembrane helix on the extracellular side of the membrane. Another larger loop,
composed pnmanly of hydrophilic amino acids, joins transmembrane helices five and six on
the intracellular side of the membrane. The carboxy terminus of the receptor lies
intracellularly with the amino terminus in the extracellular space. It is thought that the loop
joining helices five and six, as well as the carboxy terminus, interact with the G protein.
Currently, Gq, Gs, Gi, and Go are G proteins that have been identified.

Under physiological conditions, GPCRs exist in the céll membrane in equilibrium
between two different states or conformations: an “inactive” state and an “active” state. * A
receptor in an inactive state is unable to link. to the intracellular transduction pathway to
produce a biological response. Changing the receptor conformation to the active state allows
linkage to the transduction pathway and produces a biological response.

A.rece.ptor may be stabilized in an active state by an endogenous ligand or an
exogenous agonist ligand. Recent discoveries, including but not exclusively limited to,
modifications to the amino acid sequence of the receptor, provide alternative' mechanisms
other than ligands to s;tabilize the active state conformation. These approaches effectively
stabilize the receptor in an active state by simulating the effect of a. ligand binding to the

receptor.  Stabilization by such ligand-independent approaches is termed “constitutive
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receptor activation.” A receptor for which the eﬁdogﬁnous ligand is unknown or not
identified is referred to as an “orphan receptor.”
B. Traditional Compound Screening -

Generally, the use of an orphan receptor for screening purposes to “identify
compounds that modulate a biologicai response associated with such receptor has not been
possible. This is because the traditional “dogma” regarding screening of compounds
mandates that the ligand for the receptor be known, whereby compounds that competitively
- bind with the receptor, i.e., by interfering or blocking the binding of the natural ligand with
the receptor, are selected. By definition, then, this approach has no applicability with respect
to orphan receptors. Thus, by adhering to this dogmatic approach to the discovery of
therapeutics, the art, in essence, has taught and has been taught to forsake the use of orphan
- receptors unless and until the natural ligand for the receptbr is discovered. The pursuiit of an
endogenous ligand for an orphan receptor can take several years and cost millions of dollars.

Furthermore, and givén that there are an estimated 2,000 GPCRs in the human
genome, the majority of which being orphan receptors, the traditional dogma castigates a
. creative approach to the discovery of therapeutics to these receptors.

Numerous orphan G protein-coupled receptors ate constitutively active in their
endogenous state. GPR6 is a 362 amino acid homolog of GPR3; the endogenous ligand for
GPRS6 is unknown (Song; Z.-H. et al, supra.; see Figure 1 for reported amino acid sequence).
GPR6 transcripts.are reported to be abundant in the human putamen and to a lesser extent in
the frontal cortex, hippocampus, and hypothalamus (Héiber,' M. et al. DNA and Cell Biology
(1995) 14(1): 25; see Figure 1 for reported nucleic acid and amino acid sequences for GPR6).

C.  Obesity
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Recently, our current knowledge of human obesity has advanced dramatically.
Previously, obesity was viewed as an oppugnant behavior of inappropriate eating in the setting
of appealing foods. Studies of animal models of obesity, biochemical alterations in both humans
and animals, and the complex interactions qf psychosocial and cultural factors that create
receptiveness to human obesity indicate that this disease in humans is multifaceted and deeply
entrenched in biologic systems. Thus, it is almost certain that obesity has multiple causes and
that there are different types of obesity. |

An increasing number of children and adolescents are overweight. Although not all
overweight children will necessarily become overweight adults, the growing occurrence of
obesity in childhood is likely to be reflected in increasing obesity in adult years. The high
prevalence of obesity in our adult population and the likelihood that the nation of the future
will be even more obese demands a re-examination of the health implications of this disease.
See, Health Implications of Obesity. NIH Consens. Statement Online 1985 Feb 11-13; 5(9):1-
7.

“Clinical obesity” is a measurement of the excess body fat relative to lean body mass
and is defined as a body weight more than 20% above the ideal body weight. Recent
- estimates suggest that 1 in 2 adults in the United States is clinically obese, an increase of

more than 25% over the past decades. Flegal MD., et al., 22 Int. J. Obes. Relat. Metab.
-Disor. 39 (1998). Both overweight conditions and clinical obesity are 2 major health
concerns worldwide, in particular because clinical obesity is often accompanied by numerous
complications, ie., hypertension and Type I diabetes, which in turn can cause coronary
artery disease, stroke, late-stage complications of diabetes and premature death. (See, e.g.,

Nishina P.M. et al,, 43 Metab. 554 (1994)).
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Alth_dugh' the eﬁologic,mechénisms underlying obesity require further clarification,
the net ‘effect of such mechanisms leads fo an immlancé between energy intake and
expenditure. Both geneti¢ and environmental factors -afe likely to be involved in the
pathogenesis of obesity.: -@ese include éxcess caloric intake, decreased physical activity, and
metabolic and endocrine 'aﬁnorhalities. o

Treatment of overv:v.eight conditions and clinical obésity via pharmaceutical agents are
not only of importance w1th respect to the conditions themselves, but also with respect to the
possibility of preventing ofher diseases that are'associated ‘with, e.g., clinical obesity, as well
as enhancement of the ﬁ?siﬁve‘ feeling of “self” that : often accompanies those who are
overweight or clinically ob’#se and who encounter a s‘ignii_i_cant' reduction in body weight.

Given the fomgoi#g discussion, it is apparent that compounds which help in the
treatment of such disorde'lz'é' would be useful and Would'brovide an advance in thh research
and clinical medicine. The present invention is directed ':tb these, as well as other, important

ends.

* SUMMARY OF THE INVENTION
The present invention relates to small molecule modulators of the GPR6 receptor. Most

preferably, the GPR6 moers have inverse agonist characteristics at .the receptor.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graphic representaﬁon of the results of a cell-based cyclic AMP assay
providing comparative results for constitutive signaling GPR6 and GPR6:Fusion Protein.
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Figure 2 is a graphic tepresentation of the results ¢f a [**SJGTPyS assay providing
comparative results for constitutive signaling by GPR6 and GPR6:Fusion Protein,

Figure 3 is a graphic representation of results from a primary screen of several
candidate compounds against GPR6; results for compound “ARE112” are provided in well
H6.

Figure 4 is a graphic representation of an ICsp curve for compound ARE112 against the
- GPR6 receptor, indicating an ICso value of 0.1501 1M

Figures 5A, 5B and 5C provide graphic representations of the results of in vivo
administration (IP) of ARE112 on cumnulative food intake (5A), water intake (5B) and body
weight gain (5C) on 24-hour food deprived rats.

Figures 6A, 6B and 6C provide graphic representations of the resulis of in vivo
administration (IP) of ARE112 on cumulative food intake (6A), water intake (6B) and body
weight gain (6C) on non food deprived rats.

Figure 7A, 7B and 7C provide graphic representations of the results of in vivo
administration (ICV) of ARE112 on cumulative food intake (7A), water intake (7B) and body
weight gain (7C) on 24-hour food deprived rats.

Figure 8 provides a graphic representation of the results of ARE112 on locomotor
activity on rats 16 hours post-administration.

Figures 9A and 9B provide graphic representations of the results of in vivo
administration (oral-gavage) of ARE112 on cumulative food intake on 24-hour food deprived
rats (9A) and on cumulative food intake on non food deprived rats (9B).
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Figures 10A, 10B and 10C provide graphic representations“of the results of in vivo
administration (oral-gavage) of structural analogs of AREI 12 on cumulative food intake
(10A), water intake (10B) and body weight gain (10C) on 24-hour food deprived rats.

- Figure 11 provide a graphic representation of the results of a daily repeated in vivo
(IP) administration of ARE112 rats showing a long-term decrease in body weight in non food
deprived.

Figure 12 provide a graphic representation of the results of in vivo (oral-gavage)
‘administration of ARE112 showing a decrease in startle reflex in non food deprived rats.

DEFINITIONS

The sorentrﬁc hterature that has evolved around receptors has adopted a number of
terms For clanty and consrstency, the following deﬁmtlons will be used throughout th1s patent
document. To the extent that these definitions conﬂ1ct w1th other deﬁmtrons for these terms, the
followmg definitions shall control. |

ACTIVE INGREDIENT in the context of a “Pharmaceutical Composrtr > shall mean
a component of a Pharmaceutical Composmon that prov1des the pnmary pharmaceutlcal benefit,
as opposed to an “mactlve mgredlent” Wluch would generally be recognized as provrdmg no
pharmaceuhcal benefit.

AGONISTS shall mean moieties that activate the intracellular response when they
bind to the receptor, or enhance GTP binding to membranes. In the context of the disclosed
invention, a Pharmaceutical Candidate comprising a-GPR6 Agonist can be utilized for
increasing body weight and/or affecting metabolism such that the recipient 'gains weight

and/or maintains weight. Such can be used in the context of disorders and/or diseases where
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weight loss is a component of the disease and/or disorder such as, for example, anorexia
nervosa, cancer, AIDS cachexia, etc.

PARTIAL AGONISTS shall mean moieties that activate the intracellular response
when they bind to the receptor to a lesser degree/extent than do agonists, or enhance GTP
binding to membranes to a lesser degree/extent than do agonists.

ANTAGONIST shall mean moieties that competitively bind to the receptor at the

| same site as the agonists but which do not activate the intracellular response initiated by the
active form of the receptor, and can thereby inhibit the intracellular responses by agonists or
‘partial agonists. ANTAGONISTS do not diminish the baseline intracellular response in the
absence of an agonist or partial agonist.

CANDIDATE COMPOUND, in the context of the disclosed invention, shall mean a
small molecule that is amenable to a screening technique.

COMPOSITION shall mean a material comprising at least two compounds or two
components; for éxample, and not limitation, a Pharmaceutical Composition comprising at
least one Active Ingredient and at least one other component is a C"omposiﬁon.

COMPOUND EFFICACY shall mean a measurement of the ability of a compound
to inhibit or stimulate receptor functionality, as opposed to receptor bindj:ng affinity.

__CONSTIT_UTIVE RECEPTOR ACTIVATION shall mean stabilization of a

receptor in the active state by means other than binding of the receptor with its endogenous

ligand or a chemical equivalent thereof,

CONTACT or CON_TACTI_NG shall mean bringing at least two moieties together,

whether in an in vitro system or an in vivo system.
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ENDOGENOUS shall mean a material that a mammal naturally produces.
ENDOGENOUS in reference to, for example and not limitation, the term “receptor” shall
mean that which is naturally produced by a mammal (for example, and not Hﬁtaﬁon, a
. human) or a virus. In conirast, the term NON-ENDOGENOUS in this context shall mean
that which is not naturally produced by a mammal (for efgample, and not limitation, a human)
or a virus. For example, aﬁd‘ not limitation, a receptor which is not constitutiveiy active in its
endogenous form, but w_hen manipulated becomes constitutively active, is most preferably
referred to herein as a “non-endogenous, constitutively acﬁVated receptoi‘.” Both terms can
be utilized to describe both “in vivo” and “iﬁ vitro” systems For exémpl'e, and not a
limitation, in 2 screening approach, the endogenous or non-endogenous receptor may be in
reference to an in vitro screening system. As a further examiple and not limitation, where the
genome of a mammal has been manipulated to in:clu&e a non-endogenous constitutively
activated receptor, screening of a candidate compound by means of an in vivo system is
~ viable. |

G PROTEIN COUPLED RECEPTOR FUSION PROTEIN and GPCR FUSION
PROTEIN, in the context of the invention disclosed "h'erein,' each mean a non-endogenous
protein comprising an endogenous, constitutively activated orphan GPCR fused to at least
one G protein, most preferably, the alpha (c:) subunit of such G protein (this being the subunit
that binds GTP), with the G protein preferably being of the same type as the G protein that
.naturally couples with endogenous orphan GPCR. For example, and not Hniité.ﬁbn, in an
endogenous state, the G proteis “Gsos”' is the predominate G prbféin that couples with GPR6

such that a GPCR Fusion Protein based upon GPR6 would be a non-endogenous protein
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comprising GPR6 fused to Gsa.. The G protein can be fused directly to the c-terminus of the
endogenous, constitutively active orphan GPCR or there may be spacers between the two.

INHIBIT or INH]BITING, in relationship to the term “response” shall mean that a
response is decreased or prevented in the presence of a compound as opposed to in the
absence of the compound.

INVERSE AGONISTS shall mean moieties that bind the endogenous form of the
receptor, and which inhibit the baseline intracellular response initiated by the active
endogenous form of the receptor below the normal base level of activity that is observed in
the absence of the endogenous ligand, agonists or partial agonists, or decrease GTP binding
to membranes. Preferably, the baseline intracellular response is decreased in the presence of
the inverse agonist by at least 30%, more preferably by at least 50%, and most preferably by

at least 75%, as compared with the bascline response in the absence of the inverse agonist.

- ‘Biologically, “GPR6 inverse agonist” shall mean moieties that can be assessed in vivo by

factors other than just determination that the moiety has interacted with GPR6, e.g., when the

moiety interacts with a mammal’s GPR6 in vivo, there is an observed decrease in the

mammal’s body weight by at least about 5% within 24 to 48 hours of contacting GPR6 and

the GPR6 inverse agonist.

LIGAND shall mean an endogenous, naturally occutring molecule specific for an
endogenous, naturally occutring receptor.

PHARMACEUTICAL COMPOSITION shall mean a composition comprising at
one Active Ingredient and at least one ingredient that is not an Active Ingredient (for example
and not limitation, a filler, dye, or 2 mechanism for slow'rqlease), whereby the composition is

amenable to investigation for a specified, efficacious outcome in 2 mammal (for example,
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 and not limitation, a human). Those of ordinary skill in the art will understand and appreciate
the techniques appropriate for determining whether an active ingredient has a desired

efficacious outcome based upon the needs of the artisan.

SMALL MOLECULE, in the context of the invention disclosed herein, is a non~- -

protein based moiety; fo_:r example, and not limitation, ARE112 is a small molecule within the
context of this invention, while the endogenous ligand for a receptor is not a small molecule.
DETAILED DESCRIPTION
A, Introduction
‘The traditional study of receptors has always proceeded from the a priori assumption

(historically based) that the endogenous ligand must first be identified before discovery could

proceed to find antagonists and other molecules that could affect the receptor. Even in cases

where an antagonist might have been known first, the search immediately extended to

looking for the endogenous ligand. This mode of thinking has persisted in receptor research

~ even after the discovery of constitutively activated receptors.- ‘What has not been recognized -

1is that it is the active state of the receptor that is most useful for discovering agonists, partial

agonists, and inverse agonists of the receptor. For those diseases that result from an overly
active receptor, what is desired in a therapeutic drug is a compound which acts to diminish
the active state of a.receptor, not necessarily a drug which is an antagonist to the endogenous
ligand. . This is because a compound (e.g., therapeutic) that rednces the activity of the active
receptor state need not bind at the same site as the endogenous ligand. Thus, as taught by a

. .method of this invention, any search for therapeutic compounds should start by screening

. compounds against the ligand-independent active state. The search, then, is for an inverse

agonist to the active state receptor.
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Screening candidate compounds against orphan receptors, for example, including and
not limited fo, GPR6 and GPR6 Fusion Protein, allows for the direct identification of
candidate compounds which act at this orphan cell surface receptor, without requiring any
~ prior knowledge or use of the receptor’s endoge;aous ligand. By determining areas within the
body where such receptors are expressed and/or over-expressed, it- is possible to determine
related disease/disorder states which are associated with the expression and/or over-
expression of these receptors; such an approach is disclosed in this patent document.
B. Disease/Disorder Identification and/or Selection

As will be set forth in greater detail below, most preferably inverse agonists and

agonists to GPR6 can be identified by the methodologies of this invention. Such inverse

| agonists and agonists are ideal candidates as lead compounds in drug discovery programs for
treating diseases related to this receptor. Indeed, an antagonist to such a receptor (even if the
ligand were known) may be ineffective given that the receptor is activated even in the
absence of ligand-receptor binding. Because of the ability to directly identify inverse
agonists and agonists to these receptors, thereby allowing for the development of
pharmaceutical compositions, a search for diseases and disorders associated with these
receptors is possible. For example, GPR6 is expressed in the following areas of the brain:
lateral hypothalamus, hippocampus, nucleus accumbens, caudate and cerebral cortex. Given
the high levels of expression. in the areas of the brain associated with feeding behavior and
metabolism, GPR6 is likely to be related to a variety of disorders and diseases related to
- abnormal food intake and/or metabolism, e.g., clinical obesity.
C. Screening of Candidate Compounds

1. Generic GPCR screening assay techniques
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. 'When a G protein receptor becomes consﬁmﬁvely active, it binds to a G protein (for
example Gq, Gs, Gi, Go) and stimulates the binding of G'IP to the G protein. The G protein
then acts as a GTPase and élowly hydrolyzes the GTP to GDP, whereby the receptor, under

-normal conditions, begomes deactivated. Hov'vever,-l cantitutively activated receptors
contibue to exchange GDP to GTP. A non-hydrolyzable analog of GTP, [*>S]JGTPYS, can be
used to momnitor enhanccd binding to membranes which express constitutively activated
re-ceptors. It is reported that [*SIGTPyS can be used to monitor G protein coupling to
membranes in the absenc§ and presence of ligand. An example of this monitoring, among
other examples well-known and available to those in the art, was reported by Traynor and
Nahorski in 1995. Generally, this preferred use of this assaji:system is for initial screening of
candidate compounds because the system is generically app]icable' to all G protein-cbupled
receptors regardless of the particular G protein that interacts with the intracellular domain of

the receptor.

2. Specific GPCR screening assay techniques

Once candidate compounds are identified using the “generic” G protein-coupled
receptor assay (i.e. an assay to select compounds that are agonists, partial agonists, or inverse
-agonists), further screening to confirm that the compounds have interacted at the receptor site
is preferred. For example, a compound identified by the “generic” 'assay may not bind to the
receptor, but may instead merely “uncouple” the G protein from the intracellular domain.
Thus, by screening those candidate compounds, which have been identified using a “generic”
assay in an agonist and/or antagonist competitive binding assay, further refinement in the

selection process is provided.
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In the case of GPRS it has been determined that this receptor couples the G protein Gs.
Gs stimulates the enzyme adenylyl cyclase (Gi, on the other hand, inhibits this enzyme).
Adenylyl cyclase catalyzes the conversion of ATP to CAMP; thus, assays that detect cAMP can
be utilized, for example and not limitation, cell-based cAMP assay, to determine if a candidate
compouhd is an inverse agonist to the receptor (i.e., such a compound which contacts the
receptor would decrease the levels of cAMP relative to the uncontacted receptor). As a result,
“cyclase-based assays” can be used to further screen those compounds selected from an agonist
and/or antagonist competitive binding assay.

3. GPCR Fusion Protein

The use of an endogenous, constitutively activated orphan GPCRs, such as GPR6, for
use in screening of candidate compounds for the direct identification of inverse agonists,
agonists and partial agonists, provides a unique challenge in that, by definition, the
endogenous receptor is active even in the absence of an endogenous ligand bound thereto.
Thus, in order to differentiate between, e.g., the endogenous receptor in the presence of a
candidate compound and the endbgenous_receptor in the absence of that compound, with an
aim of such a differentiation to allow for an understanding as to whether such compound may
be an inverse agonist, agonist, partial agonist or have no affect on such a receptor, it is
preferred that an approach be utilized that can enhance such differentiation. A preferred
approach is the use of a GPCR Fusion Protein.

Generally, once it is determined that an endogenous orphan GPCR is constitutively
activate, using the assay techniques set forth above (as well as others), it is possible to
determine the predominant G protein that couples with the endogenous GPCR. Coupling of

the G protein to the GPCR provides a signaling pathway that can be assessed. Becauss it is
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most preferred that screening take place by use of a manumalian expression system, such a
system will be expected to have endogenous G protein therein. Thus, by definition, in such a
system, the endogenous, constitutively ‘active orphan GPCR. will continnously Signal. In this

regard, it is preferred that this signal be enhanced such that in the presence of, e.g., an inverse

“ agonist to the receptor, it.is more likely that one will be able to more readily differentiate,

particularly in the context of screening, between the receptor when it is contacted with the
inverse agonist.
The GPCR Fusion Protein is intended to enhance the efficacy of G protein coupling

with the endogenous GPCR. The GPCR Fusion Protein appears to be important for screening

~ with an endogenous, constitatively activated GPCR because such an approach increases the

. signal that is most preferably utilized in such screening techniques. This is important in

facilitating a significant “signal to noise” ratio.” A significant ratio is preferred for the
screening of candidate compounds as disclosed herein.
The construction of a construct useful for expression of 2 GPCR Fusion Protein is

within the purview of those having ordinary skill in the art. Commercially available

~ expression vectors and systems offer a variety of approaches that can fit the particular needs

of an investigator. The ¢riteria of importance for such a GPCR Fusion Protein construct is
that the endogenous GPCR sequence and the G protein sequence both be in-frame
(preferably, the sequence for the endogenous GPCR is upstream of the G protein sequence)
and that the “stop” codon of the GPCR must 'be deleted of replaced such that upon expression
of the GPCR, the G protein can also be expressed. The GPCR can be linked directly to the G
protein, or there can be spacer residues between the two (preferably, no more than about 12,

although this number can be readily ascertained by one of ordinary skill in the art). Both
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approaches have been evaluated, and in terms of measurement of the activity of the GPCR,
the results are substantially the same; however, there is a preference (based upon
convenience) for use of a spacer in that slome restridﬁon sites that are not used will, upon
expression, effectively, become a spacer. Most preferably, the G protein that couples to the
endogenous GPCR will have been identified prior.t.o the creation of the GPCR Fusion Protein
construct. Because there are only a few G prbteins that have been identiﬁed, it is preferred
that a construct comprising the sequence of the G protein (ie., a universal G protein
construct) be available for insertion of an endogenous GPCR seqﬁence-therein; this provides
for efﬁcie;ncy in the context of large-scale screening of a variety of different endogenous

GPCRs having different sequences.

'D.  Pharmaceutical Composiﬁéns
Candidate compouﬁds selected for further development as active ingredients can be
- formulated into pharmaceutical compositions using techniques well knéwn to those in the art.
Suitable pharmaceutically-acceptable carriers are available to those in the art; for example, see
Remington’s Pharmaceutical Sciences, 16 Edition, 1980, Mack Publishing Co., (Oslo et al.,
eds.).
EXAMPLES
The following examples are presented for purposes of elucidation, and not hrmtatlon, of
the present mventlon The particular order of screening techniques set forth below is ranked for
presentational efficiency. While specific nucleic acid and amino acid sequences are disclosed
herein, those of 01:djnary skill in the art are credited with the ability to make modifications to

these sequences while achieving the same or substantially similar results reported below.
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EXAMPLE1 . -
RECEPTOR EXPRESSION

1. cDNA and Vectors i |

The gxpression vector comprising GPR6 cDNA was generously supplied by Brian
O’Dowd (University of Toronto)_.. The vector utilized fof_ GPR6 was pRcCMV (the coding
region for GPR6 was subcloned into pCMV vector at a HindII-Xbal site). See,
SEQ.ID.NO.:1 for nugléié acid sequence and SEQ.ID.NO.:2 for the de_bduced amino acid
sequence of GPRS.

2; Transfecﬁon Prﬁcedure

On day one, 1X107 293 cells per 150mm plate were plated out. On day two, two

~ reaction tubes were prepared (the proportions to follow for each tube are per plate): tube A

was prepared by mixing 20pg DNA (e.g., pCMV vector; pCMV vector GPR6 cDNA, pCMV

vector GPR6:Fusion-Protein) in 1.2ml serum free DMEM (Irvine Scientific, Irvine, CA); tube

B was prepared by mixing 120p! lipofectamine (Gibco BRL) in 1.2m] serum free DMEM.

Tubes A and B were then admixed by .inversions (several times), followed by incubation at

room temperature for 30-45min. The admixture is referred to as the “transfection mixture”.

Plated 293 cells were washed with 1X PBS, followed by addition of 10ml serum free

DMEM. 2.4ml of the transfection mixture was then added to the cells, followed by
incubation for 4brs at 37°C/5% CO,. The transfection. mixture was then removed by

aspiration, followed by the addition of 25ml of DMEM/10% Fetal Bovine Serum. Cells were

- then incubated at 37°C/5% CO;. After 72hr incubation, cells were then harvested and

utilized for analysis.
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_ EXAMPLE 2
GPCR FUSION PROTEIN PREPARATION

The désign of a GPC6-Fusioﬁ Protein construct was accomplished as follows: both
- the 5° and 3’ ends of the rat G protein Gsa (long form; Ttoh, H. et al;, 83 PNAS 3776 (1986))
were engineered to include 2 Hmd]]] 6] ’-AAGC"I'T-T) sequence thereon. Following
confirmation of the correct sequence (including the flanking HindIlI sequences), the entire
sequencé was shuttled into pcDNA3.1(-) (Invitrogen, cat. no. V795-20) by subcloning using
' the HindIII restriction site of that vector. The correct orientation for the Gso, sequence was
determined aﬂér subcloning into pcDNA3.1(-). The modified pcDNA3.1(‘-) containing the
 rat Gsa géne at HindIIl sequence was then veriﬁéd; this vector was now available as a
“universal” Gsd protein vector. The pcDNA3.1(-) vector contains a variety of well-known
restriction sites upstream of the HindIIl site, thus beneficially providing the ability to insert,
upstream of the Gs protein, the coding sequence of an endogenous, constitutively active
GPCR. This same approach can be utilized to creafe other “universal” G protein vectors, and,
of course, other commercially available or proprietary vectors known to the artisan can be
utilized — the important criteria is that the sequence for the GPCR be upstream and in-frame
with that of the G protein.

GPR6-Gso. Fusion Protein construct was made as follows: primers utilized were as
follows: | |
5’-gatcTCTAGAATGCAGGGTGCAAATCCGGCC—3’ (SEQ. ID. NO. 3, sense)
5°-ctagGGTACCCGGACCTCGCTGGGAGACCTGGAAC-3’ (SEQID.NO. 4, antisense).

The sense and anti-sense primers also contained restriction sites for Xbal and Kpnl, respectively.

These restriction sites are available upstream of the HindIll site in the pcDNA3.1(-) vector.
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PCR was then utlhzed to secure the respectrve receptor sequences for fusion within the
Gsoc umversal vector disclosed above, usmg the fo]lowmg protocol for each: 100ng cDNA for
| GPR6 was added to separate tubes contaimng_an ot‘ each primer (sense and anti-sense), 3uL, of
! IOmM dNTPs, IOuL. of 10XTaqPlus™ Precision hnft&, 1ul, of TaqPlus™ Precision polymerase
(Stratagene: #60021 15, _and..S_OnL oi:‘ water. lReaction temperatures and cycle times were as
follows: the initial denatunng step Was done at 96°C: for seven minutes, and a cycle of 96°C for
30seconds, 55°C for 30 seconds, and 72°C for two minutes was repeated 30 times. A final
extension time of ten mmutes at 72°C was done for GPRS, PCR products for GPR6 were run on
a 1% agarose gel and then purified (data. not shown). The _puriﬁed product was digested with
Xbal and KpnI (New England Biolabs) and the desired inserts were isolated, purified and ligated
into the Gs umversal vector at the respectrve restnctron site. The positive clones were isolated
following transformahon and determmed by restriction enzyme digest; express1on using 293
cells was accomphshed followmg the protocol set forth infra. The positive clone for
GPRG:GsoL—Fusion Protein was sequenced and made availabl_e for the direct identiﬁcation of
candidate comnoimds. S’ee, SEQ]DNOS _for nucleic acid _seQuen_ce _and SEQ.ID.NO.:6 for

deduced amino acid sequence of GPR6:Gso-Fusion Protein.

EXAMPLE 3A

ASSSESMENT OF CONSTITUTIVE ACTIVITY USING
ADENYLYL CYCLASE ASSAY

A Flash PlateTM Adenylyl Cyclase k1t (New England Nuclear Cat. No SMPO004A)
designed for cell-based assays can be modiﬁed for use wrth crude plasma membranes The Flash

Plate wells can contain a scintillant coating that also contains a specific antibody recognizing
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CAMP. The cAMP generated in the wells can be quantitated by a direct competition for binding
of radioactive cAMP tracer to the cAMP antibody. The following serves as a protocol for the
measurement of changes in CAMP levels in whole cells that express receptors, e.g. GPR6 or

GPR6:Gsa—Fusion Protein.

Transfected cells are harvested approximately twenty-four hours after transient
transfection. Media was carefully aspirated off and discarded. 10ml of PBS was gently
added to each dish of cells followed by careful aspiration. 1ml of Sigma cell dissociation
buffer and 3ml of PBS were added to each plate. Cells were pipeted off the plate and the céll
suspension is collected into a 50ml conical centrifuge tube. Cells were then centrifuged at
room temperature af 1,100 rpm for 5 min. The cell pellet was carefully re-suspended into an
appropriate volume of PBS (about 3ml/plate). The cells were then counted using a

hemocytometer and additional PBS is added to give the appropriate number of cells (with a

.ﬁnal concentration of about 50x10%well).

cAMP standards and Detection Buffer (comprising 1 pCi of tracer ['2°I cAMP (50 ui]
fo 11 ml Detection Buffer) was -prepared and maintained in accordance with the |
manufacturer’s instructions. Stimulation Buffer (preferably prepared fresh) for screening and
contained 50ul of Stimulation Buffer, 3ul of test compound (12uM final assay concentration)
and 50ul cells, Stimxﬂation Buffer can be stored on ice until utilized. The assay can be
initiated by addition of 50ul of cAMP standards to appropriate wells followed by addition of
50ul of PBSA to wells H-11 and H12. 50ul of Stimulation Buffer was added to all wells.
DMSO (or selected candidate compounds) were added to appropriate wells using a pin tool
capable of dispensing 3ul of compound solution, with a final assay concentration of 12uM

test compound and 100ul total assay volume. The cells were then added to the wells and

3

SUBSTITUTE SHEET (RULE 26)




WO 01/62765 PCT/US00/04945

21

. incubated for 60 min at room temperature. 100ul of Detection Buffer containing tracer

cAMP was then added to_. all the wells. Plates were then incubated an additional 2 heurs
followed by counting in a Wallac' MicroBeta scintillaﬁon counter. Values of cAMP/well
were then extrapolated from a standard cAMP curve that is contained within each assay plate.

GPR6 and GPR6:Gsa-Fusion-Protein were anélyied as above and verified to be
constitutively active, whereby GPR6:Fusion-Protein evidefxced about a 4-fold increase in cAMP
over GPRS (see, Figure 1). In the context of screening of candidate compounds, when the goal
is to identify inverse agonists, agonists or partial agonists, it is preferred that the ﬁénal to noise
ratio be maximized (especially in the case of screening for inverse agonists). Thus, although it is
viable to use GPR6 itself, given the substantial increase in this ratio, the use of the GPR6:Gso—
Fusion Protein is particularly preferred (although one of ordinary skill in the art is credited with

selecting an approach that is based upon the particular needs of the artisan). ‘It is further noted

~ that there does not appear to be an “upper-limit” or “ceiling” for the signal such that déspite the

increase in signal evidenced in Figure 1, these constructs can also be used for screening to

determine agonists of GPR6 (i.e., an agonist will further increase the signal):

EXAMPLE 3B
ASSESMENT OF CONSTITUTIVE ACTIVITY USING
GTP MEMBRANE BINDING SCINTILLATION PROXIMITY ASSAY

Using [**S]GTPYS binding to measure constitutive activation can be advantageous in
that: (a) [>*S]JGTPyS binding is generically applicable to all G protein-coupled receptors; and
(b) [**S]GTPYS binding is proximal at the membrane surface, thereby making it less ﬁkély to
pick-up ‘molecules which affect the intracellular cascade. | l;feferably, a GPCR:Fusion-Protein

is utilized. The asséy utilizes the ability of G protein-coupled receptors to stimulate
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[3SS]GTPyS binding to membranes expressing the relevant receptors. Therefore, the assay
may be used to directly screen compounds at the disclosed GPR6 receptor.

A scintillation proximity assay was utilized to monitor the binding of [*S]JGTPYS to

-~ membranes expressing, e.g., the endogenous human GPR6:Gs-Fusion Protein (expressed in

293 cells). In brief, a preferred protocol for the assay is such that the assay was incubated in
20 mM HEPES, pH 7.4, binding buffer (100mM NaCl and 10mM MgCly), with 0.6 oM
[**S]GTPYS and 12.5 pg membrane protein and 0.1 pM GDP for 60 minutes. The assay
plates were then centrifuged .at 4000rpm for 15 minutes at room temperature and then
subsequently aspirated and counted in a scintillation counter.

Using this assay, enhanced binding of [3SS]GTPVS to membranes prepared from 293
cells expressing the control vector alone or the human GPR6:Gsa-Fusion Protein receptor
was comparatively observed. The total protein concentration used in the assay affects the

total amount of [*°S]GTPyS binding for each receptor. The c.p.m. differential between the

pCMV transfected and the consﬁtuﬁvély active GPR6:Gsa-Fusion Protein receptor (at

12.5ug/ml) increased from approximately 6000 c.p.m to abproximately 11,600 c.p.m. protein
concentration.

* Results are preéented in Figure 2 and evidence that GPR6 receptor (GPR6:Gso-Fusion
Protein) has increased activity as compared to control; this heightened activity is not the result of

autocrine stimulation in that the data were obtained from membrane preparations, as opposed to

whole cell preparations.
EXAMPLE 4A
DIRECT IDENTIFICATION OF INVERSE AGONISTS AND AGONIST
USING [*S|GTPyS ASSAY
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Although we -hav_e utilized endogenous, constitqti_vely active GPR6 for the direct
identification of . ca;nchdate compounds as, e.g., inverse agomsts for reasons that are not
altogether understood, mtra—assay variation can become exacerbated Preferably, then, a
GPCR Fusion Protein, as d15closed above, is utilized. When such a protein is used, intra-
assay variation appears '_te.;-b._e substantially stabilized, --wher;eby- an effective signal-to-noise
~ ratio is obtained. This ‘has the beneficial result of allowmg for a more robust direet
identification of candidate'..eompounds. The following prqfeeol is preferred:

1. Membrane j?repar.ation

Membranes expreeeing the GPCR6:Gso-Fusion Protem (see Example 2) and for use
in the direct 1dent1ﬁcat10n of candidate compounds as mverse agonists, agonists or partial
agonists were prepared as follows

(@) Materzals

Membrane Scrape Buffer was comprised of 20mM HEPES and 10mM EDTA, pH 7.4;

Membrane Wash Buﬂ'er was comprised of 20 mM HEPES and 01 mM EDTA, pH 7.4; Binding
Buffer was comprised of ZOmM HEPES, 100 mM NaCl, and 10 mM MgCly, pH 7.4

.. | ®) Proc:edure. |

All materials were kept on ice throughout the ﬁrecedme. Firstly, the media was
asplrated from a conﬂuent mono]ayer of cells, followed by nnse with 10m1 cold PBS, followed
| by aspiration. Thereafter 5m1 of membrane Scrape Buffer was added to scrape cells; this was
followed by transfer of cellular extract into 50m] centrifuge tubes (centrifuged at 20,000 rpm for
17 minutes at 4°C). T‘hereaﬁer, the supernatant was aspira’_ted.and the pellet was resuspended in
30m] Membrane Wash Buffer follewed by centrifuge at 20,00b rpm for 17 minutes at 4°C. The

supernatant was then aspireted and the pellet resuspended in Binding Buffer. This was then
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homogenized using a Brinkman polytron™ homogenizer (15:20 second bursts until the all
material was in suspension). This is referred to herein as “Membrane Protein”.

2. Bradford Protein Assay

Following the homogenization, protein concentration of the membranes wa-s
determined using the Bradford Protein Assay (protein can be diluted to about 1.5mg/ml,
aliquoted and frozen (-80°C) for later use; when frozen, protocol for use is as follows: on the
day of the assay, frozen Membrane Protein is thawed at room temperature, followed by
vortex and then homogenized with a polytron at about 12 x 1,000 rpm for about 5-10
seconds; it is noted that for multiple preparations, the homogenizer should be thoroughly
cleaned between homoginezation of different preparations). - Membrane protein
concentrations are reassessed and normalized to CMV where the optimal protein
concentration is between 0.25ug/ul and 0.30ug/ul.

(a) Materials

Binding Buffer (as per above); Bradford Dye Reagent; Bradford Protein Standard

were utilized, following manufacturer instructions (Biorad, cat. no. 500-0006).
()  Procedure

Duplicate tubes were prepared, one including the membrane, and one as a control
“blank™. Each contained 800ul Binding Buffer. Thereafter, 10ul of Bradford Protein
Standard (1mg/ml) was added to each tube, and 10ul of membrane Protein was then added to
just one tube (not the blank). Thereafter, 200ul of Bradford Dye Reagent was added to each
tube, followed by vortex of each. After ﬁve (5) minutes, the tubes were re-vortexed and the
material therein was transferred to cuvettes. The cuvettes were then read using a CECIL

3041 spectrophotometer, at wavelength 595.
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. 3. - Direct Identification Assay
(@) - - Materials

GDP Buffer consisted of 37.5 ml Binding Buffer and 2mg GDP (Sigma, cat. no. G-
7127), followed by a series of dilutions in Binding Buffer fo obtain 0.2 uM GDP (final
concentration of GDP in each well was 0.1 uM GDP); each well comprising a candidate
compound, had a final volume of 200ul consisting of iOOul GDP Buffer (ﬁna.tl concentration,
0.1uM GDP), 50ul Membrane Protein (12.5ug) in Binding Buffer, and 50ul [*’S]GTPyS (0.6
M) in Binding Buffer (2.5 ul [**S]GTPYS per 10ml Binding Buffer).

(b)  Procedure

Candidate compounds (Tripos, Inc., St. Louis, MO) were received in 96-well plates
(these can be frozen at ~80°C). Membrane Protein (or membranes with e?:pression vector
excluding the GPR6:Gso-Fusion Protein, as control), were homogenized briefly until in
suspension. Protein concentration was then determined using the Bradford Protéin Assay set
forth above. Membrane Protein (and control) was then diluted to 0.25ing/m1 in Binding
Buffer (final assay concentration, 12.5ug/well). Thereaﬁ&, 100 ul GDP Buffer was added to
each well of a Wallac Scintistrip™ (Wallac). A 5ul pin-tool was then used to transfer 5 ul of
a candidate compound into such well (i.e., 5ul in total assay volume of 200 ul is a 1:40 ratio
such that the final screening concentratioﬁ of the candidaie compound is 10uM). Again, to
avoid contamination, aﬂer each transfer step the pih tool was rinsed in three reservoirs
comprising water (1X), ethanol (1X) and water 2X) - excess liquiti should be shaken from
the tool after each rinse and dried with paper towels and kimwipes™. Thereafter, 50 ul of
Membrane Protein was added to each well (a control well comprising membranes without the

GPCR Fusion Protein is also utilized), and pre-incubated for 5-10 minufes at room

SUBSTITUTE SHEET (RULE 26)



WO 01/62765 PCT/US00/04945

26

temperature (the plates were covered with foil in that the candidate compounds obtained from
Tripos are light sensitive). Thereafter, 50 ul of [**S]GTPyS (0.6 nM) in Binding Buffer was
added to each well, followed by incubation on a shaker for 60 minutes at room temperature
(again, in this example, plates were covered with foil). The assay was then stopped by
spinning of the plates at 4000 RPM for 15 minutes at 22°C. The plates were then aspirated
with an 8 channel manifold and sealed with plastic plate covers. The plates were then read on
a Wallac 1450 using setting “Prot. #37” (as per manufactarer instructions).

- EXAMPLE 4B
DIRECT IDENTIFICATION OF “LEADS”

We believe that it is important to note that the following results have been obtained
using an orphan receptor; as the data support, it is péésible, using the techniques disclosed
herein, to direétly identify candidate compounds that modulate the orphan receptor as inverse
agom's;:s, agonists and partial agonists, directly from a primary screen; indeed, the mefhods
disclosed herein are sensitive enough to allow for direct idéntiﬁcation of both inverse agonist
and agonist modulators on the .same assay plate. |

The initial or “primary” screen. designed to directly identify, e.g, human GPR6
receptor inverse agonists, consisted .of the membrane-bas_ed GTPyS binding assay of Example
4A utilizing membranes prepared from 293 stable cells. Candidate compounds directly
identified as inhibiting receptor-mediated increases in GTPyS as set forth below were
considered active “leads”. Primary assay leads were then re-tested in the same assay to
reconfirm their inverse agonist activity. If primary assay hits were reconﬁxmeZl active (50%
or greater inhibition), and therefore directly identified as, e.g., an inverse agonist, additional

candidate compounds were synthesized based upon the structures of the reconfirmed hits

SUBSTITUTE SHEET (RULE 26)




WO 01/62765- PCT/US00/04945

27

- . (geared towards, e.g., improvement in the characteristics of the compounds) whereby the

directed library: compounds (Arena Pharmaceuticals, Inc., San Diego CA) were then
evaluated: The last step in secondary assay evaluation was to determine if test compounds
were capable of inhibiting cAMP accumulation (i.e., adenylate cyclase-based assay, disclosed
~ below in Example 4C). * This final assay confirms that the directly identiﬁeci compounds
retained inverse agonist properties.

A representative screening assay plate (96 well format) result is presenteci in Figure 3.
Each bar represents the results for a different compound in each well, plus the GPR6:Gs
Fusion Protéin. The représentative results preseﬁted in Figure 3 also provide standard
deﬁaﬁom based upon the.mean results of each plate (“hf’) and the n_iean plué two standard
deviaﬁoﬁs (“m#—Zéd”) .and the mean mmus two sta_ndérd dés}iations (“m—2§d”). Our érbitrary
preference for selection §f inverse égonists as “leads” ﬁ:om the pnmary screen mvolvés selection
of céndidaté compounds that reduce the per cent respdﬁs;e b.y. at least the meaﬁ plate response,
minus two stan&ard de'viat:ions.= Based on this selection pfocess, tile candidate éompounds in the
following wells were directly identified as pﬁtaﬁve inverse aéonisfs to tﬁe GPR6 recept(_ir: AT,
| B2; F6; GS and H6. Further evaluation (using a ndn—GPRG receptor) of compounds
designated in wells A7, B2, F6 and G6 indicated that thé_ée compounds were non-specific to
| GPR6:Gs-Fusion Protein receptor and thus may instead act to uncouple the G protein from
the GPR6 receptor (data not shown). Thus, the candidate coinpdund of well H6, designated
“ARE112” was selected for further evaluation.

Tt is preferred that following such direct identification, ICso (infferse agohist) or ECs

(agonist) values be determined; those having ordinary skill in the art are credited with utilizing
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ICso and ECs assay protocols of choice. Figure 4 provides a representative IC50 curve for
compound ARE112 using the assay protocol of Example 4A.

EXAMPLE 4C -
CYCLIC AMP CONFIRMATION ASSAY

Usmg an independent assay approach to provide confirmation of a dlrectly identified
candeate compound as set forth above it is preferred that a conﬁrmatlon assay then be
utilized. In this case, the preferred confirmation assay is membrane-based cyclic AMP
(cAMP) assay.

A modified Flash Plate™ Adenylyl Cyclase kit (New England Nuclear; Cat No.
SMP004A) was ﬁtilized for confirmation of candidate compbunds djiectly identiﬁed as inverse
agonists and agonists to endogenous, const1tut1ve1y activated orphan GPCRs n accordance with
| the following protocol. |

Transfected stable cells were harvested approximately three days after transfection.
Membranes were prepared by homogenization of suspended cells in buffer containing 20mM
HEPES, pH 7.4 and 10mM MgCl,. Homogenization was performed on icé using a Brinkman
PoiytronTM for approximately 10 seconds. The resulting homogenate was centrifuged at
20,000 rpm for 20 minutes at 4°C. The resulting pellet was then resuspended in buffer
containing 20mM HEPES, pH 7.4 and 0.1 mM EDTA, homogenized for 10 seconds,
followed by centrifugation at 20,000 1pm for 20 minutes at 4°C. The resulting pellet can be
stored at -80°C until utilized. On the day of direct identification screém'ng, the membrane
pellet is slowly thawed at room temperature, resuspended in buffer containing 20mM
HEPES, pH 7.4, 100mM NaCl and 10mM MgCL,, to yield a final protein concentration of

0.60mg/ml (the resuspended membranes are placed on ice until use).

SUBSTITUTE SHEET (RULE 26)



WO 01/62765 : PCT/US00/04945

29

cAMP standards and Detection Buffer (comprising 2 pCi of tracer ['*I cAMP (50u1]
to 11 ml Detection Buffer) were ‘prepared and maintained in accordance with the
manufacturer’s instructiqqs. Assay Buffer was prepare;__i_ ﬂ'_esh for screening and contained
20mM HEPES, pH 7.4, 100mM NaCl, 10_mM.MgClz, 20mM phospocreatine (Sigma), 0.1
umits/m creatine phosphokinase (Sigma), 50 WM GTP (Sigma), 0.2 mM ATP (Sigma) and
0.6mM isobufyl—methyl xémtlﬁne (IBMX); Assay Buffer can be stored oﬁ ice unfil utilized.

Candidate .compounds identified as.per above (if frozen, thawed at room tempgrature)
were added to plate wells (Bul/well; 12pM fina]l assay concentration), _together with 50 pl
Memﬁréhe Protein (SOugwell) and 501;1 of A.ssay Buffer. Th1$ admixture was then incubated
for 30 minutes at room temperature with gentle shaking. .

Followmg the incubation, 100ul of Detectlon Buffer was added to each well, followed

by incubaﬁon for 2-20 howrs. Plates were subsequently aspirated and then counted in a Wallac

McroBetaTM plate reader using “Prot. #31” (as per manufacturer msimcuons)

The fo]lowmg Table A hsts the ICso values determined utilizing the foregoing cAMP

assay.

SUBSTITUTE SHEET (RULE 26)



WO 01/62765 -

PCT/US00/04945

30
Table A
Assay ICs5 Values Maximam Minimum
- Number For (M) (c.p.m.) (c.p.m.)
Compound cAMP
ARE112
1 88.3 138.1 43
2 77.39 128.5 2.7
3 99.00 125.7 3.2

Preferably, for ICsy determinations, fhe dose response range at the maximum is between
80 and 120 percent control (“% control”), and at the minimum between 20 and —20 percent
control, although such pafameters can be a matter of choice for the artisan, depending upon fhe
particular needs of the artisan.

EXAMPLE 5
SCREENING OF DIRECTED LIBRARY

Based upon the foregoing results, structure activity analysis of the ARE112
compound suggested that a series of derivatives of ARE112, N-(5,6-dihydro-3H-imidazo[2,1-
c}-1,2,3-dithiazol-3-ylidene), as well as derivatives of ARE111 N-(2-thioxo-imidazolidine-1-
- carbothioyl) would exhibit similar GPR6 inverse agonist activity and selectivity. A directed
h'brary series of derivatives of N-(5,6~dihydro-3H-imidazo[2,1-c]-l,2,3-dithiazol-3-y1idene)
and of N-(2-thioxo-imidazolidine-1-carbothioyl) were synthesized (see Examples 8 and 9,
infra). ICsy values were determined using the assays indicated below, by taking the mean
values of the number of assays (placed in brackets), +/- the standard deviation. These, too

were assessed using the above protocols, and results are summarized below in Table B:
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Table B

Compound XICs, Values ICs Values

Identifier - GTP Assay Cyclic AMP Assay
. Example 4A Example 4C

AREITT 2.79 +(fvil?14 @ 1.96 +-2.51 (@)
ARE11Z 0.42 H-0.24 (12) 007007 O]
ARE113 100 +- 110 (4) ND
ARE114 0.44+/-0.46 ©3) 0.17 H-0.01 )
AREI15 1.57+-1.748 (5) 3.65 H-3.45 (8)

TAREIL6 0.57 +/- 024 (7) 0.17 +7-0.05 (3)
AREI17 2003 N/D
ARE118 0.65+-0.67 (3) 0.37 +-0.18 (6)
AREIT9 BTG 197 +-1.53 3)
AREI20 0.64+-025(6) | 027H-.020) .
AREI21 - 122 H- 100 (5) 55+-96 (3)
AREIZ2 0.833 +-0.12 2) 0ZTH-0.1 )
ARE123 56 +- 95 (4) 51+/- 98 3)
"ARE124 0.31 +/-0.11 (4) 0.40 +/-0.25 (3)
AREIZS 38+-3509) 120 +- 100 (5)
AREI126 0.79 +- 0.08 (3) 0.14+-0.04 (2)
ARE127 125 +-0.22 (3) 0.43 +/- 0.40 (4)
ARET128 0.37 H- 0.02 2) 020 +-0.13(6)
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ARE129 319+-3.63 3) 2.62 V- 426 (3)
ARET30 022 7/-022 (3) 024 +-0.19 (5)
AREI31 BH-87(5) 700 (3)
AREI3? 035035 @) 0.10+-0.01 @)
ARE133 0.11+H-0.11(® 0.17+-0.07 (5)
AREI34 0.41 7/-0.26 (6) 0.195-0.19 (4)
AREI35 00+ 1300 | 0715074 @
ARE136 017 4-0.07 (3) 0.17 H-0.13 ()
ARE137 200 (3) 100 +-100 (2)
ARET38 QTEETa T ) 0.13 H-0.07 Q)
ARE139 0.26 +-0.22 (3) 452+-3.14(3)
ARET40 0.13 +-0.06 (3) 0.19+-021 (3)
ARE143 6820 +-0.11 (3) 160 +7-0.09 (5)
ARE144 0.25 +-0.03 (3) 0.11+-0.05 ()
ARE148 0.46 7/~ 027 (4) 035+-021 (5
ARE149 2834212 (3) 5831495 (3)
AREI50 033+-0.07@2) | 010+0.190)
ARE151 200 (3) —%0 )
AREIS2 0.1857 (3) ND
ARET53 246 7-0.42 (3) ND
ARET52 200 (3) ST 103 ®
15F155 656 1-2.03) 0.85 +-024 (3)
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T AREIS6 | 067+H-011(Q) | 0.133+-0.06(2)
-N/D =data nbt yet determined - . .
EXAMPLE 6

IN VIVO ANALYSIS

1.  Food/Water Intake and Body Weight in
24-Hour Food-Deprived Animals

The profile of ARE112 from the in vitro functional assays suggestgd that this
compound. exhibits selective GPR6 inverse_: agonist properties. - An in vivo assessment of
GPRG inverse agonist was accomplished by determining the effects of ARE112 on food
intake after food .deprivation in rats. Food dgprivation was us.g_d_ to induce higher than normal -
eating behavior (e.g., c_ontrol/vehicle—treat_e& animals were hyperphagic).

| The animals (male Sprague-Dawley rats were used for the following experiments)
were food deprived for 24 hr, and then injected intraperitoneally (_[é) with 0, 6.75, 13.5, 27
and 54mg/kg of compound ARE112. After 30 mm, rats were introduced to standard rat chow
pellets and observed thefeaﬁer for a period of 6.5 hours p_ost-i_nj ection.

Data evidence that animals h’éated IP with compourid ARE112 exhibit decreased food
intake, water intake and body weight gain. In Figure 5A, at 1.5 hours after injection, vehicle
treated animals éon_sumed about 6gram§ of food, while ARE112 treated (54mg/kg) consumed
3g of food. | As time progressed, the data indicate that V_ehicl_e-treated ate substantially more
food (up to 14g at 6.5 hours post-injection), while the AREL12 _treated, pérticlﬂarly animals
treated with 54 mg/kg of ARFE112, consumed 4 g (see, Figure 5A). Four and 5 fold
decreaseé in water intake at doses of 27 and 54 mg/kg, respectivelir, were also evidenced by
the data, which appear to parallel the decreased amount of qud eaten. (See, Figure 5B).

Vehicle treated rats evidenced a-body weight gain of 20 g, whereas ARE112 treated rats
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evidenced the following: 13.5 mg/kg treatment - 11g weight gain; 27 and 54 mg/kg treatment
- no weight gain (see, Figure 5C).

2. Basal Food/Water Intake and Body Weight in
Non-Food Deprived Animals

Animals were also observed during their most active period (dark cycle), and both

basal food and water intake were measured. In this test, animals were not deprived of food

but were instead observed for normal activity.

Animals were administered ARE112 at 0, 6.75, 13.5, 27 and 54 mg/kg, IP 30 min
prior to the beginning of their dark cycle (i.e. 6:30 pm) and were then exposed to standard rat
chow pellets (i.e. 30 min after compound administration) and observed for a period of 15.5 hr
post administration. Data, presented in Figure 6A, evidence that animals administered with
ARE112 did not eat as much as animals administered vehicle. For example, the vehicle
treated animals consumed 9 g of food over a period of 4 hrs, whereas animals treated with
dose of 13.5mg/kg and 54 mg/kg consumed less than half this amount over this same period
(4 and 2 g of food, respectively). Similar to the food-deprived ﬁm, the non-deprived rats also
exhi'bited a decrease in water intake and body weight gain. (See, Figures 6B and 6C).

Long-term effects (60 days) of ARE112 were also examined. Animals (treatment, n=
4; conirol, n = 5) were treated once a day intraperitoneélly with ARE112 for 22 days and
assessed for éperiod of 60 days. On days 1 to 3, animals treated with dose of 13.5mg/kg
initially lost bo'dy weight and between day 4 and day 31, animals gradually gained weight,
although still weighing less than vehicle treated animals, After day 31 and through day 60,
the data support the position that there was a significant difference in body weight between

the treated animals and the vehicle animals. The data support the conclusion that daily,
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. repeated administration of ARE112 (at 13.5mg/kg) induces a long-term decrease in body
weight in non-food deprived rats. See, Figure 11.

3. Intracerebroventricular (ICV) Administration of ARE112
on Food-Deprived Animals S

| a Surgery

| Animals were prepared with an ICV cannula aimed above the lateral ventricle. For this
surgery, animals were placed under general anesthesia usiﬁg continuous inhalation of isoflurane
and secured in a Kopf stereotaxic instrument. Surgery was performed in 2 dedicatéd surgery
room,. using sterile instruments, ‘surgical gloves and aseptic procedures to prevent clinical
infections. The surgical site Was shaved and disinfected with betadine solution and alcohol.
Animals were observed continuously for the level of anésﬁmsia by tesl:ihg for the -animals’
responses to tail- or paw-pinch. A cannula made of 23 -gaﬁge stainless steel tubing (7mm long)
was lowered to a point 1mm above the ventricle, using coordinates: A/P —0.6 mm from bregma,
M/L+/- 2.0 mm from bregma, D/V 3.2 mm below skull surface. The guide was aﬁchored to the
skull with three stainless steel screws and dental cemient. Coordinates were based on stereotaxic
atlas such as Paxinos and Watson sterotaxic atlas (Paxinos,— G. and Watson, C, ’fhe Rat Brain,
' New York, Academic Press, 1982). After canmula iﬁapmtaﬁon, a 30-gauge stainless stecl
dummy stylet was inserted into the cannula. At the conclusion of surg'efy, a heat source (heat
lamp directed towards one half of recovery cage) was used to maintain body tenipérature while
the animals recovered from anesthesia. Animals were allowed at least bne week of recovery
after surgery before ICV injection of compound was performed.

b. Administration of ARE112

Animals were food-deprived for 24 hours prior to administration of the compound.
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For ICV injection, the dummy stylet was removed from the implanted cannula, and a 30-
gauge stainless steel injector cannula containing ARE112 suspension in a 45% cyclodextrin
solution was inserted to a depth 1.5mm beyond the ventral tip of the implanted cannula. The
other (non-inserted) end of the injector cannula was attached to 60 cm of PE10 tubing containing
the compound suspension, which was attached at the free end of tubing to a 25p] Hamilton
syringe. Ten microliters of ARE112 suspension (containing, 0, 25, 50, and 100nmol) were then
delivered via gentle and even mechanical pressure to the plunger of the Hamilton syringe. The
volume of injection was verified by marks on the PE 10 tubing previously calibrated with a 10
pl Hamilton syringe. At the conclusion of injection, any fluid observed from the dorsal tip of
the implanted cannula upon withdrawal of the injector cannula was noted, and the dummy stylet
was inserted into the implanted cannula,

Data evidence that after two hours post-administration of ARE112 at all doses, animals
consumed substantially less food (about 6 fold less food was consumed). After three hours, the
vehicle rat consumed about 2.5 grams of food, while ARE112 treated rats consumed about 1.0
grams or less. See, Figure 7A. Treated animals (at 25 and 50 nmo]) drank a comparable amount .
- of water as the vehicle, i.e., about 17 grams. At higher. doses (e.g., 100 nmol), about less than
half that amount was consumed. See, Figure 7C. The data evidence, consistent with the data
developed using IP administration, that at a dose of 100nmol of ARE11 2, the ICV treated
animal gained substantially less weight (e.g-, Sgrams) when evaluated against the vehicle, which
gained about 12 grams. See, Figure 7C.

4.  Effect of ARE112 on Motor Function

The effect of ARE112 on motor finction was also examined. Motor function was

assessed by using automated locomotor activity cages. Animals were placed in a standard
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rodent cage surrounded by photocell, which allowed for ‘automated recording of motor

- activity. Animals were under no motivational constraints and were free to move around the

cage. -

Male Sprague-Dawley rats (n = 4-9 per dose) were administered ARE112 (IP) prior to

‘placement into in locomotor activity cages. Data are presented in Figure 8. Based upon the

data, it can be concluded that ARE112 does not affect locomotor activity where animals were
exposed to locomotor activity cages for 1.5 hour immediately after injection of ARE112.
While the data support the conclusion that ARE112 decreases locomotor activity in rats 16
hours post-injection (see, Flgure 8), thus indicating that ARE112 has some sedative activity,
(e.g., the animals appear relaxed and demonstrate little to no anxiety-like behavior), lthis
sedative activity is mild and cannot, in and of itself, account for the decrease in food intake.

- As further evidence of this mild sedative activity, animals were meésu;red to

determine their startle reflexes. In this assay, ARE112 was oréliy administered in non-food

_deprived rats 4.5 hours prior to testing. -Animals were subjected to a pre-pulse of 12db

followed by a 120db pulse and subsequently measured for the height in which the animals
jumped. Figure 12 shows the average startle amplitude of administered rats (i.e., at 6.75, 13.5
and 54mg/kg). Treated rats at 13.5 and 54mg/kg did not jump as high, as compared to the
vehicle and rats treated at the low dose of 6.75mg/kg, in response to the pulse. This data
further suggests that at a higher dosage of ARE112, animals demonstrate a mild sedative
activity.

.5. Oral Availability: ARE112

Based upon the in viﬁo data developed, oral bioavailability of compound ARE112 was

determined. The compound was administered by oral gavage at doses rahging from 6.75 to
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54 mg/kg. The data presented in Figures 9A and 9B support the conclusion that oral

administration of ARE112 also decreases food intake in both food-deprived and non-food

déprived rats. The effect of ARE112 was dose-dependent and comparable to the effect
observed after IP administration. In Figure 94, rats were deprived 24 hours prior to oral
administration of the compound. In this assay, the vehicle-treated rats at 2.5 hours consumed
about 6 grams of food while injected rats; particularly rats administered with 27 and S4mg/kg
of ARE112, ate about 6 and 4 grams, resﬁecﬁvely. As time progressed, the vehicle rat
consumed significantly more, about 14 grams at 8 hours post-admini.s'tration, while treated
rats (at 27 and 54 mg/kg) consumed about 8 grams and Gg;:ams, respectively. (See, Figure
9A). |

In a second assay, rats were treated with ARE1 12 by oral gavage but were not food
deprived. Data evidence an even greater decrease in food intake, such that at 18 hours post
administration.of the compound, the vehicle rats had éonsumed about 15 grams of food while
the injected rats (at all doses) ate 5grams or less; about a three fold decrease in food
consumption when treated with compound ARE112. (See, Figure 9B). These data support the
conclusion that ARE112 is orally active. |

6. Assessment of Other Compounds.

Several other GPR6 inverse agonists were also assessed under 24-hour food deprived
conditions, with PO administration. The analogs listed below were tested at 200pmol/kg,
which is equivalent to 54mg/kg. In addition, ARE114 was also assessed at 100pmol/kg

(27pmolkg). Data are summarized below in Table C:
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"~ TableC
Analogs Cumulative Food |  Cumulative Body Weight Gain (g)
Intake (g) Water Intake (g) (6hr post
(8hr post - (6hrpost | ~ administration)
administration) | administration)
Vehicle - 145 - 229 - 20.3
ARE114 108 153 13.6
(100pmol/keg)
ARE114 - 8.68 106 6.18
(200pmol/kg) _
ARE120 - 9.88 " 18.5 114
(200pmol/kg) _ L . o _
ARE128 7.93 - 8.5 ' 4.03
(200pmol/kg)

In a second assay, tested under the same conditions, several other analogs were
assessed at 100pmol/kg. Data are summarized below in Table D.

Table D

Analbgs ‘ Cumulative Food | Cumnulative Water | Body WeightCain(g)
(100pmol/kg) Intake (g) Intake (2) - (6hr post administration). -
' ' (8hr post (6hr post

administration) administration) _

Vehicle 14.0 19.25 19.25

AREL12 81 105 ' €35

AREI30 91 55 —93

AREI35 133 5 | 195

AREI6 | 90 15.25 110

AREL40 95 200 14.6
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In Figure 10, rats were deprived 24 hours prior to oral administration of the
compound. In this assay, analogs ARE130, ARE135, ARE136, and ARE140, were
administered at a dose of 100umol/kg. Three analogé, particularly, ARE130, ARE136 and
ARE140 evidenced a slow intake of food (e.g., about 1 to 1.5 grams every two hours) over an
eight houf period post-administration; while the vehicle rat consumed about 2 to 2.5 grams
food every two hours. Similar to the vehicle rat, analog ARFE135, an opened ring structure,
evidenced that over an eight hour period pbst-adminisuaﬁon the rats increasingly consumed
about 2.5 grams evéry two hours. (See, Figure IOA). Furthermore, the body weight of the
vehicle rat and administered rats with analog ARE135 gained about 19.5 grams. On the other
hand, the closed ring structures evidenced a decrease in body weight gain as follows:
ARE112-6 grams, ARE130-9 grams, ARE136-11 grams and ARE140-14 grams. See, Figure
10C.

The treated rats, particularly ARE130 and ARE136, drank less amount of .water '
compared to the vehicle animal, i’.e., about 10 grams and 4 grams less, respectively; while
analogs ARE135 and ARE140 drank a compaiable amount (i.e., about 19 grams). See,
Figure 10B. These data suggests that the closed ring stnictures, preferably ARE112,
ARE130, ARE136 and ARE140; more preferably ARE112 and ARE130; and most preferably
ARE112, are specific to the G protein-coﬁpled receptor six.

Table E below lists several ICs, values for the analogs of ARE112. ICs values were
derived using the GTP Assay as disclosed in Example 4A. At low concentrations of analogs
ARE130, ARE136 and ARE140 G_PR6 is activated, thus stimulating the conversion of GTP
to GDP. This data supports the suggestion that closed ring structures are selective inverse

agonists for GPR.
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Table E
- Analogs ' ICsp Values (uM)
ARE130 022 +/- 022 ?3)

- ARE135 S - 100+~ 137 (2)
ARE136 0.17+/-0.07 (3)
ARE140 ' 0.17 +-0.13 (5)

"EXAMPLE 7
GPR6 INVERSE AGONISTS _

Based upon the patent d1sclosure and the information prov1ded herein, one of ordmary

sklll in the art is crechted with the ablhty to directly identify candldate compounds as inverse

agonists, agonists and partial agonists to GPR6. Most preferably, these will be small molecule

' compounds that have not evidenced these characteristics (Z.e., selective for GPR6) prior to such

direct identification. For agonists, the objective in the screening is to find small molecules that
increase the méasu:ced signal. - |
Below, we disclose our most preferred small mo}ecule GPR6 inverse agonists. It is
recbg.nized.that various steremsomenc forms of the compounds disclosed herein may exist. It is
intended that the present invention include racematw_, _iqd_ivid_ual enantiomers, and mixtures

thereof.

1. Open Chain Aryl Series

As a first series of GPR6 inverse ago:ﬁéts disclosed are “open cham aryls”
represénted structurally as follows (note: if the selection of one or more of RS, R9, R and
RY results in an asymmefric or diastereomeric molecule, then the racemic mixtures, the
diastereomeric mixtures é.nd each of the séparated () and (- enantiomers 6r diastereomers

are within the scope of thé disclosed series, and within the scope of the claims to fbllow):
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Re NN N

N Rs Rsﬁ—eRw

3 Rs Re  Ruq
Ry

wherein R/, R% R, R’, and RS are each independently selected from the following:
H, F, Cl, Br, I, R? CPF;, CRR” CFCF, CCL, CCLRZ CCLCCLR" NRUR™
NRCOR”, NRYSOR™, OR™, OCF, OCFRZ OCFCFRY OCOR", OSORY,
OPO(OR"),, SR'%, SCF3, SCF,R™2, SCF,CF,R™, SCOR™, SO,R, SO.NR"R', PO(OR™2),,
PO(OR)R", NO;, CN, CNRP(NR™R'), CNR'(SR'?), COORY, COSRY, CONRMR™,
and |
wherein any ﬁvo adjacent positions of R}, R?, R3, R*, and R® can be joined by a chain
selected from CEHCHCHCH, CH,CH,CH;CH,, CHCHCH,, CH,CH,CH,, CH,CH,,

SCH,S, SCH,CHS,S, OCH;0, and OCH;CH;O to form a bi-cyclic structure;

R® and R are each independently selected from H, C,.g straight chain alkyl, branched alkyl,

Cs.s cycloalkyl, C4 alkylcycloalkyl or cycloalkylalkyl, C,g alkenyl, aryl and alkylaryl;

R®, R®, R™, and R are each independently selected from H, C straight chain alkyl,
branched alkyl, Cs.g cycloalkyl, Cay alkylcycloalkyl or cycloalkylalkyl, C, galkenyl, aryl andr
alkylaryl;
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R is selected from H, Cj: straight chain alkyl, branched alkyl, Css cycloalkyl, Cyo

- alkylcycloalkyl or cycloalkylalkyl, Cp g alkenyl, aryl, alkylaryl, (CH;)uNR13Ry4, (CHz)mSOsH,

and (CH;),CO;H wherein n is 2 through 6 and m is 1 through 6;

R" and R" are each independently selected from H, Cy.g straight chain alkyl, tranched alkyl,

Cas aikenyl, cycloalkyl, ajkylcycloa]lcyl, cycloalkylalkyl, aryl, and CHoaryl, wherein each

said aryl group or said aryl portion of said CHzaryl group may be optionally substituted by up

to four substituents in any pbsition on said aryl, each said posifion independently selected

from;

F, Cl, Br, I, CFs;, CCl, CHs, CHs, CsHy, C4Hy, NH;, NHCHs, N(CHz)2, NHCHs,

N(CZE[5)2’ _ _NHC3H7’ N(C3H7)2’ NHC4H9’ N(C4H9)2, NHCOH, NHCOCH3’

NHCOC,Hs, NHCOC;H;, NHCOC,Hp, NHSO,CHi, NHSO,C;Hs, NHSO,C3Hj,

NHSO,C4H,, OH, OCH;, OC;Hs, OCsHy, OC4Hz, OC4Hy, OCsHs, OCsHyi, OCel,

OCqgHi3, OCF3, OCOCH3, OCOC,Hs, 0OCOC3H;, OCOC4H,, OSO,CHs, OSO,C;Hs,

0S0,C;H;, 0S0,CsH,, SH, SCHj, SC;Hs, SC3Hy, SC4H;, SCiHy, SCsHy, SCsHi,

~ SCeHyy,. SCeHys,, SCF;, SCOCHi;, SCOCHs, SCOC:;H;, SCOCsH, SO;CHs,

SOsCzHs, SO3CaHy, SO;C4Hy, SO.NH,, SO,NHCH;, SO,N(CHz),, SONHCHs,
SO,N(CoHs)z, SO.NHC:H;, SON(C3Hy);, SO.NHCHy, SO:N(CsHy)2, NO,, CN,
COOCH3, COOC;Hs, COOC;H;, COOCH;, COSCHs, 'COSC2H5; COSC;H;,
COSC,Hj, CONH,, CONHCH; CON(CHs),, CONHC;Hs, CON(C;Hs),, CONHC3Hy,
CON(C;Hy)z, CONHC4H;, CON(CiHy)z, and

wherein when R™ and/or R™ contain an aryl ring, said aryl ring being

substituted at two adjacent positions on said aryl ring, then said two adjacent
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positions can be joined by a chain selected from CHCHCHCH,

CH,CH,CH,CH;, CHCHCH,, CH,CH,CH,, CH,CH;, SCH;S, SCH,CH,S, -

OCH;0, and OCHCH;O to form a bi-cyclic structure; or

R" and R™ may form part of 2 5, 6 or 7 membered cyclic structure which may

be either saturated or unsaturated and that may contain up to four heteroatoms

selected from O, N and S and said cyclic structure may be optionally

substituted by up to four substituents in any position independently selected

from:

F,Cl, Br, I, CF,, CCl;, CHs,, Qsz, CsHj7, C4Hy, NH,, NHCH3,N(CH3)2,

NHC:Hs, N(CHs),, NHC:H;, N(C:H;),, NHCH,, N(C4Hy),,

'NHCOH, NHCOCHS, NHCOCHs, NHCOC:;H;, NHCOC,H,,

NHSO,CH;, NHSO,C,Hs, NHSO,C;H;, NHSO,C4H;, OH, OCHs,
OC,Hs, OC3H;, OC4H;, OC4H,, OCsHo, OCsH;1, OCeHyy, OCgHya,
OCF;, OCQCHg, OCOC;Hs, OCOC;H;, OCOC,H,, OSO,CH;,
OSOzCﬁs, 0S0,CsH;, 0S0,C4Hy, SH, SCH;, SCoH;, SCsH;, SC,H;,
SC4Hy, SCsHy, SCsHy1, SCeH11, SCeHs,, SCF3;, SCOCH;, SCOC,Hs,
SCOC;H;, SCOC4H,, SO;CHs, SO;C.Hs, SO:C3H;, SO0;C.H,,
SO:NHz, SO,NHCH;, SO;N(CHs);, SONHC,H;, SO,N(CHs),,
SO,NHC;Hy, SON(C3H7)2, SO;NHC,Hy, SON(CiHg),, NO,, CN,
COOCHz, COOC,Hs, COOC3H7, COOC4Hs, COSCH;, COSC,Hs,
COSC;H;, COSC;Hy, CONH,, CONHCH3, CON(CH;);, CONHC;Hs,
CON(C,Hs),, CONHC3H7, CON(C3Hy),, CONHC,H,, CON(C4Hy),;

or
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' wherein ‘when R‘-{ and R" form an aryl ring substituted at two adjacent
~ positions oﬁ said aryl ring, then said two adjacent positions can be joined by a
chain selected from CHCHCHCH, CH,CH,CH,CH, CHCHCH,,
CH,CH,CH,; CH,CH,, SCH,S, SCH,CH;S, OCH;0, or OCH,CH,0 to form a

bi-cyclic structure; and

RY is selected from H, Cis straight chain alkyl, branched alkyl, Csg cycloalkyl, Cyo

alkylcycloalkyl or cycloalkylalkyl, and C,.g alkenyl.

The following provisos, preferentially noted, may apply whereby when R, R”, R®, R’, R", and
RY are all H, then at least one of R!, R? R® and R* is other than H; and when RY, R%, R%, RS,
RS, R, R®, R®, R, and R" are ail H, then R’ is not Cl, CH;, or OCH; and when R', R, RY,

R, R%, R, RY, and R™ are all H, then R’, R, and R are not OCH;.

An “aryl moiety” can be a 5 or 6 membered aromatic heterocyclic ring (containing up to four

- hetero atoms iﬁdepéndently selected from N, O, or S) 01" a six membered aromatic non-

heterocyclic' ring or a polycycle;

Examplés of suitable Ci.s alkyl groups inclﬁde, but art not limited to methyl, éthyl, n-propyl,
i-propyl, n-butyl, and t-butyl. Throughout this specificaiton, the term “alkylaryl” in intended

" to mean alkyl moieties having an aryl moiety attached thereto, for example benzyl groups..

Examples of 5 or 6 mernbered ring moieties include, but are not restricted to, phenyl, furanyl,

thienyl, imidazolyl, pyridyl, p’yrrolirl, oxazolyl, isoxazolyl, triazolyl, pyrazolyl, tetrazolyl,
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thiazolyl and isothiazolyl. Examples of polycycle moieties include, but are not restricted to,
naphthyl, benzothiazolyl, benzofuranyl, benzimidazolyl, quinolyl, isoquino_lyl, indolyl,

quinoxalinyl, quinazolinyl and benzothienyl.

Further disclosed is a method of modulating the GPR6 receptor by contacting said

receptor with a small molecule structurally represented as follows:

Rt O S ,lSL
Ry INJLN R
Rs Rs Rs‘%_ERm

Ry Rs Rs Ryq

wherein R', R?, R, R", and R® are each independently selected from the following:

H, F, Cl, Br, I Rﬁ, CFs, CFR", CF,CF; CCl, CCilez, CCLCCLRY, NRVRY,
NR”COR”, NRSOR', OR?, OCF; OCF;R OCF,CFRY OCOR"™, 0OSO,R%,
OPO(OR” 2, SR', SCF;, SCF2R", SCF,CF,R'2, SCOR, SOsR Y, SO,NRPR, PO(OR"),,
PO(OR™),R, NO;, ON, CNRP(NR'R™), CNR'(SR'™), COOR™, COSR™, CONRVR™
and |
wherein any two adjacent positions of R, R%, R?, R*, and R® can be joined by a chain
selected from CHCHCHCH, CH,CH,CH,CH,, CHCHCH;, CH,CH,;CH,, CH,CHj,

SCHS, SCH;CH;S, OCH,0, and OCH;CH;O to form a bi-cyclic structure;

R and R’ are each inde;iendently selected from H, C.¢ straight chain alkyl, branched alkyl,

Cs.g cycloalkyl, Cy. alkylcycloalkyl or cycloalkylalkyl, C, ¢ alkenyl, aryl and alkylaryl;
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R, R, R, and R" are each independently selected from H, Ciy straight chain alkyl,

branched alkyl, Cs. cycloalkyl, Cs. alkylcycloalkyl or cycloalkylalkyl, C; galkenyl, aryl andr

alkylaryl;

R is selected from H, Cyg straight chain alkyl, branched alkyl, Csg cycloalkyl, Ca.
alkylcyclo_alkyl or cycloalkylalkyl, C.g alkenyl, aryl, alkylaryl, (CH2):NR3R14, (CH2)mSOsH,
and (CH2)CO;H wherein n is 2 through 6 and m is 1 through 6;

R" and R are each independently s'eLected from H, C,.g straight chain alkyl, branched alkyl,
C,.s alkenyl, cycloalkyl, alkylcycloalkyl, cycloalkylalkyl, aryl, and CHaaryl, wherein each

said aryl group or said aryl portlon of sa1d CHzaryl group may be optlonally substituted by up

~ to four subshtuents in any position on said aryl, each said pos1t10n independently selected

ﬁ'oni: .

| F,.Cl,: Br, I, CFs, CCls, CH, G, CoHy, C4H9,,'NH2,'N:HCH3, N(CH),, NHC,H;,
N(C;H)y, NHCGH;, N(CiHy), NHCH, N(C4H9)2, NHCOH, NHCOCH:,

' NHCOG,Hs, NHCOC:H;, NHCOC;H;, NHSO,CH;, NHSO;C;Hs, NHSO.CHy,
NHSO,CeHls, OF, OCH, OC;Hs, OCsHy, OCsHz, OCels, OCsHs, OCsHy1, OCeHy,
OCHs, OCF3, OCOCHa OCOC;Hs, OCOC:Hy, ococ4H9, 0SO,CH;, OSO,C3H;,
0S0;CsHz, OSO,Cabl, SH, SCH, SC3Hts, s03H7, SC4I-I7, SCyHs, SCsH,, SCsHy,
SCeHy, SCeHys, SCFs, SCOCHs, SCOC,H;, SCOCsH; SCOC:Hs, SO:CH,
S0;CHs, 3_03031'17, S0;C4Hy, SO;NHz, SO,NHCH;, .SozN(CI‘i3)2, SONHC,Hs,
SON(Csz)z, SO,NHC;3Hj, _Soz_N(CsHﬁ;, SO,NHC4Hy, SO;N(C4Hy)z, NO2, CN,
COOCH;, COOC;Hs, COOCsH;, COOC;Hs, COSCHs, COSC:Hs, COSCsHy,
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COSC,4Hjs, CONH;, CONHCH;, CON(CHs),, CONHC,H, CON(C:Hs)2, CONHC;3H>,

CON(C3H7)2, CONHC4H9, CON(C4H9)2, and

wherein when RY and/or R contain an aryl ring, said aryl ring being

substituted at two adjacent positions on said aryl ring, then said two adjacent

positions can be joined by a chain selected from CHCHCHCH,

CH,CH,CH,CH,, CHCHCH,, CH,CH,CH,, CH,CH,, SCH,S, SCH,CH,S,

OCH;0, and OCH,CH,0 to form a bi-cyclic structure; or

R" and R™ may form part of a 5, 6 or 7 membered cyclic structure which may

be either saturated or unsaturated and that may contain up to four heteroatoms

selected from O, N and S and said cyclic structure may be optionally

substituted by up to four substituents in any position independently selected

from:

F, Cl, Br, 1, CFs, CCl;, CHs, C;Hs, CsHy, C4Hg, NH,, NHCHg,N(CHa)z,
NHC:Hs, N(CHs), NHCsH;, N(C:Hp)z, NHCHy, N(CiHy),
NHCOH, NHCOCH;, NHCOC,H;, NHCOC:H;, NHCOC,Hj,
NHSOzCH3, NHSO,C,Hs, NHSO,C3H;, NHSO,CsHy, OH, OCH;,
OC.Hs, OC;H;, OC4H;, OC4Hs, OCsHy, OCsH;;, OCsHy;, OCgH;3,
OCF;, OCOCH;, OCOC,Hs, OCOC;3;H;, OCOC4Ho, 0OSO,CH,,
OSOZCZHS; 0SO,C3H;7, 0SO.C,4Hy, SH, SCHs, SCHs, SCsH;, SC4H,
SC4Hy, SCsHy, SCsHys, SCsHll, SCsHjs,, SCF3;, SCOCH3, SCOC,Hs,
SCOC;H;, SCOC4H,, SO;CH, SO;CHs, SO0sC3H;, SO;C4H,,
SO;NH;, SO,NHCH;, SO,N(CH;s),, SO,NHC,H;, SO;N(C3Hs),,

SOZNHC3H7’ SOZN(C3H7)2, SOZNHC4H97 SOZN(C4H9)2, NOZ’ CN’
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' COOCH;, COOC;Hs, COOCsHs, COOC4H;, COSCH;, COSC,Hs,
COSC;H;, COSC4Hs, CONH,, CONHCHg, CON(CHz),, CONHC;Hs,
CON(C;Hs);, CONHC:H;, CON(CsH;);, CONHC4Hy, CON(C4Hy)z;
or -

- wherein when R™® and R form an aryl ring substituted at two adjacent
positions on said aryl ring, then said two adjacent .positibns can be joined by a
chain selected from CHCHCHCH, CH;CH,CHCH, CHCHCH,

. CH;CH;CH,, CH,CH,, SCH;S, SCH,CH,S, OCH;0, or OCH;CH;0 to form a

- bi~cyclic structure; and

R is selected from H, Cy¢ straight chain alkyl, branched alkyl, Css cycloalkyl, Csp

alkylcycloalkyl or cycloalkylalkyl, and C.s alkenyl.

2. Closed chain aryl series

A second series of GPR6 inverse agonists are “closed chain aryls” represented

| siructurally as follows:

wherein R, R%, R®, R%, and R are each independently selected from the following:
H, F, CL, Br, I, R'> CFs, CFRZ CF,CF; CClL, CCLRY CCLCCLR? NR"RY,

'NR¥CORY?, NR¥SO,R, OR, OCFs, OCE;R?, OCF,CF;R'?, OCOR"“, OSORY
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OPO(OR ), SR™, SCF;, SCF,R'?, SCF,CF;R'2, SCOR?, SOR'?, SO,NR"R! PO(OR1),,
PO(OR'*),R'2, NO,, CN, CNR(NR"R'), CNR'*(SR'), COOR?, COSRY, CONRR*,
and
wherein any two adjacent positions of R, R?, R, R?, and R® can be joined by a chain
selected from CHCHCHCH, CH;CH;CH,CH,, CHCHCH,, CH,CH,CH,, CH,CH,,

SCH,S, SCH,CHSS, OCH:0, or OCH,CH,O to form a bi-cyclic structure;

R R, R™, and RM are cach independently selected from H, Cig straight chain alkyl,
branched alkyl, Cs.g cycloalkyl, Cy alkylcycloalkyl or cycloalkylalkyl, Cps alkenyl, aryl and
alkylaryl;

R“ is selected from H, Cy straight chain alkyl, branched alkyl, Csg cycloalkyl, Cy.
alkylcycloalkyl or cycloalkylalkyl, C,.¢ alkenyl, aryl, alkylaryl, (CH2).NR;sR,4, (CH2)SO3H,
and (CH,)mCO,H wherein n is 2 through 6 and m is 1 through 6;

R" and R™ are each independently selected from H, C,.3 straight chain alkyl, branched alkyl,
Czg alkenyl, cycloalkyl, alkylcycloalkyl, cycloalkylalkyl, aryl and CHaryl, wherein each said
aryl group or said aryl portion of said CH,aryl group may be optionally substituted by up to
four substituents in any position independently selected from:
F, Cl, Br, I, CFs, CCl;, CHs, C;Hs, CsHj, C,H,, NH,, NHCH;, N(CH3);, NHC,Hs,
N(CHs),, NHC:H;, N(C3Hy),, NHCH,, N(CHy);, NHCOH, NHCOCHS;,
NHCOC;Hs, NHCOC;H;, NHCOC,H,, NHSOZCH3, NHSO,C,Hs, NHSO,C;H5,
NHSO,C4H,, OH, OCHs, OC,Hs, OC3H;, OCH;, OC4Hy, OCsHy, OCsH;;, OCsHys,
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OC¢H;3, OCFs, OCOCH;, OCOC;Hs, OCOC;H;, OCOC,Hj, 0SO,CH;, 0SO0,C,Hs,

0S0,C;Hy, 0S0,C4H,, SH, SCHs, SC,Hs, SCsHy, SC4H;, SC4Hs, SCsHy, SCsHi,

SCeHy1, SCeHis,, SCFs, SCOCH;, SCOC;Hs, SCOCsH;, SCOC4H,, SO;CHs,

SO;CHs, -SO3CsHy, SO3C4Hs,  SONH,,” SO,NHCH3, SO,N(CHs);, SO,NHC,Hs,

SO,N(C3Hs)s, SO,NHC;H;, SO,N(CsHy),, SO;NHCH,, SO;N(C4Hs),, NOz, CN,

COOCH;, COOC;Hs, COOC;H;, COOCH,, COSCH,;, COSCHs, COSC;Hy,

COSC4Hjy, CONH,, CONHCH3, CON(CH3),, CONHC,Hs, CON(C,;Hs)2, CONHC;Hj,

CON(C3Hy),, CONHC4Hy, CON(C4Hg)z, and

wherein when R'® and/or R contain an aryl ring substituted at two adjacent
positions on said aryl ring, then said two adjacent positions can be joined by a

chain selected from CHCHCHCH, CH;CH;CH,CH;, CHCHCH,,

] CHzCHzCHz, CHzCHz,SCst, SCHzCHzS, OCHzO, or OCHzCHzO to form a

bi-cyclic structure; or

R*® and R™ may form part of a 5, 6 or 7 membered saturated cyclic structure

‘or. 5,6 or 7 membered unsafurated cyclic structure, each such structure

optionally containing up to four heteroatoms selected from O, N and S and.

‘wherein each said cyclic structure may be optionally substituted by up to four

substituents in any position, each position independenily selected from: -
F, Cl, Br, 1, CFs, CCl3, CH3, C;Hs, CsHy, C4Hy, NH,, NHCH;3, N(CH3)s,
NHCH;, N(CHsp, NHC:H;, N(CiHy), NHCHy, N(CiHp),
- NHCOH, NHCOCH; - NHCOCHs, NHCOCsH;, NHCOCHo,,

NHSO,CH;, NHSO;C,H;, NHSO,C:H;, NHSO,CHy,. OH, OCH;,
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OC,Hs, OC3Hy, OC4H7,' OCsH,, OCsHy, OCsH;;, OCgHy;, OC¢His,
OCFs;, OCOCH;, OCOCHs, OCOC:;H;, OCOC4Hs, OSO,CH,
0S0,C,Hs, OSO,C;H;, 0SO,C,Hy, SH, SCH;, SC,Hs, SC;Hj, SCH;,
SCiH,, SCsHy, SCsHyy, SCeHi, SCeH)3,, SCF3, SCOCH3, SCOC,Hs,
SCOC;H;, SCOC4Hy, SO;CHs, SO3;C;Hs, SOsC:Hy, SO;C4Hy,
SO;NHz, SO;NHCH;, SO;N(CHs),, SO,NHC,Hs, SOzN(csz)z,
SO;NEC;Hy, SON(CsHr), SONHCiHj, SON(Cills), NOs, CN,
COOCH;, COOC,Hs, COOC;3H;, COOC4Hy, COSCH,, COSC,Hs,
COSC;3H;, COSC4Hy, CONH,, CONﬁCH3, CON(CH;);, CONHC,H:s,
. CON(C;Hs);, CONHC3H;, CON(C3Hy),, CONHC,H,, CON(C4Hy),,

cand
wherein when R and R" form an aryl ring substituted at two adjacent
positions on said aryl ring, then said two adjacent positions can be joined bya
chain selected from CHCHCHCH, CH,CH,CH,CH;, CHCHCH,,
CH,CH,CH,, CH;CH,, SCH,S, SCH,CH,S, OCH,0, or OCH,CH,O0 to form a

bi-cyclic structure; and

R" is selected from H, Cy straight chain alkyl, branched alkyl, Css cycloalkyl, Cqo

alkylcycloalkyl or cycloalkylalkyl, and Cyg alkenyl;

The following provisos, preferentially noted, may apply whereby when RS, R’, RS, R’ R, and

R are all H, then at least one of R, R%, R® and R is other than H; and when RY, R%, R%, R®,
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RS, R7, R®, R®, R, and R" are all H, then R® is not Cl, CHs, or OCHs; and when R, RS, RS,

- RL,RE, R, RY, and R are all H, then R?, R?, and R* are not OCHs.

- An “aryl moiety” can be a 5 or 6 membered aromatic heterocyclic ring (containing up to 4

hetero atoms independently selected from N, O, or S) or a 6 membered aromatic non-

_ heterocyclic ring or a polycycle.

Examples of suitable C;.3 alkyl groups include but art not limited to methyl, ethyl, n-propyl,

_ i-propyl, n-butyl, and t-butyl. -

Examples of 5 or 6 membered ting moieties include, but are not restricted to, phenyl, furanyl,
thienyl, imidazolyl, pyridyl, pyrrolyl, oxazolyl, isoxazolyl, triazolyl, pyrazolyl, tetrazolyl,
thiazolyl and isothiazolyl. Examples of polycycle moieties include, but are not restricted to,
naphthyl, - benzothiazolyl,” benzofuranyl, benzimidazolyl, quinolyl, isoquinolyl, indolyl,

quinoxalinyl, quinazolinyl and benzothienyl.

Further disclosed is a method of modulating the GPR6 receptor by contacting said

receptor with a small molecule structurally represented as follows:

Ri O S—S

A A

Ra NSNS
RaH- Y Rio
Rs Rs Rg R11

R4

wherein RY, R%, R, R*, and R are each independently selected from the following:
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H, F, Cl, By, L R, CF;, CFRY CF,CF, CCL, CCLRZ, CCLCCLRZ NR“RY,

NRCOR”, NRSOR”, OR“ OCF;, OCF;RY, OCF,CF,RZ OCOR', 0SO,RZ
OPO(OR %), SRY, SCF3, SCF;RY, SCF,CF,R2, SCOR™, SO.R?, SO,NR"RY, PO(OR'?),,
PO(OR'*);R'%, NO;, CN, CNR(NRR™), CNR'*(SR"), COORY, COSR'?, CONRMRY,
and
wherein any two adjacent positions of RY, R%, R®, R*, and R® can be joined by a chain
selected from CHCHCHCH, CH,CH,CH,CH,, CHCHCH,, CH,CH,CH,, CH,CH,

SCH,S, SCH,CH,S, OCH;0, or OCH,CH,O0 to form abi-cyclic structure; .

R% R’ RY, and RM are each independently selected from H, Cy.s straight chain alkyl,
branched alkyl, Cs¢ cycloalkyl, Cyo alkylcycloalkyl or cycloalkylalkyl, Cy.¢ alkenyl, aryl and
alkylaryl;

R" is selected from H, Cyg straight chain alkyl, branched alkyl, Cs; cycloalkyl, Cysy
alkylcycloalkyl or cycloalkylalkyl, Cpq alkenyl, aryl, alkylaryl, (CH2)aNR ;3R 14, (CH2)mSO5H,
and (CH2)mCO,H wherein n is 2 through 6 and m is 1 through 6;

R and R™ are each independently selected from H, C,.g straight chain alkyl, branched alkyl,
Cz g alkenyl, cycloalkyl, alkylcycloalkyl, cycloalkylalkyl, aryl and CHaaryl, wherein each said
aryl group or said aryl portion of said CHa,aryl group may be optionally substituted by up to
four substituents in any pqsition independently selected from:
F, Cl, Br, I, CFs, CCl;, CH,, C,Hs, C3Hy, C4Hy, NH;, NHCH;, N(CH;),, NHC,Hs,
N(CHs),, NHC3H;, N(C;Hy),, NHC,Hj, N(C:Hy);, NHCOH, NHCOCH,,
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NHCOC;H;, NHCOC:H;, NHCOC,Hy, NHSO,CHs;, NHSO,C;Hs, NHSO,CsH,

- NHSO,C4H,, OH, OCHs, OC;Hs, OC3Hy, OC4Hy, OC.Hy, OCsHy, OCsHii, OCsHus,

'OCgHys, OCF3, OCOCH3, OCOC,Hs, OCOC3H;, OCOC4Hs, OSO0,CH;, 0S0,C,Hs,

- 0S0,C3Hy, 0S0.CHy, SH, SCH3, SC;Hs, SCsHs, SCiH;, SC4Hy, SCsHy, SCsHi1,

SCeHi11, SCeHis,, SCFs, SCOCHs;, SCOCHs, SCOC:H;, SCOC4Hs, SO;CHs,

SOyC;Hs, SO3CsHy, SO;CHy, SO,NH;, SO,NHCH;, SO,N(CH:);, SO,NHC,Hs,

SO,N(CzHs);, SONHC;Hy, SON(C3Hy),, SONHCHy, SON(CiHs), NO;, CN,
COOCH;, COOC;Hs, COOC;H;, COOC;Hy, COSCH;, COSCHs, COSC;Hj,

COSC,Hs, CONH,, CONHCH;, CON(CH3),, CONHC,Hs, CON(C;Hs);, CONHC;H;,

CON(CsHy),, CONHCHy, CON(C4Hy);, and

wherein when R™ and/or R contain an aryl ring substituted at two adjacent
positions on said aryl ring, then said two adjacent positions can be joined by a
chain selected from CHCHCHCH, CH;CH,CH;CH;, CHCHCH,,
CH,CH,CH,, CH,CH,, SCH,S, SCH,CH,S, OCH0, or OCH;CH;O to form a

bi-cyclic structure; or

R and R* may form part of a 5, 6 or 7 membered saturated cyclic structure

or 5,6 or 7 membered unsaturated cyclic structure, each such structure

‘optionally containing up to four heteroatoms selected from O, N and S and

. wherein each said cyclic structure may be optionally substituted by up to four

substituents in any position, each position independently selected from:-
F, Cl, Br, I, CF;, CCls, CH3, C,Hs, C3Hy, C4Hy, NH,, NHCH; N(CHs),,

NHC,Hs, N(CHs), NHC:H;, N(CsH7), NHCH;, N(CiHp),
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NHCOH, NHCOCHs;, NHCOC,Hs, NHCOC;H;, NHCOC Hs,
NHSO,CHs, NHSO,C;Hs, NHSO,C3Hy, 'NHSO,C,H,, OH, OCH;,
OC,Hs, OCsHy, OC4H;, OC4H,, OCsHy, OCsHyi, OCeHyy, OCeHia,
OCF;, OCOCHs, OCOC;Hs, OCOC3;H;, OCOC;Ho, OSO,CH3,
OS0.C,Hs, 0S0,C3Hy, 0SO,C,Hy, SH, SCH,, SC,H;s, SC:Hj, SCH;,
SC4Hy, SCsHy, SCsHiy, SCeHit, SCéHis,, SCF3, SCOCH;, SCOC,Hs,
SCOCsH;, SCOC Hy, SO;CH,, SO3C2H5, SO0;C3H;, SO;C4Ho,
SO.NH,, SO,NHCH;, SdzN(CH3)2, SO;NHCHs, SO;N(C,Hs),,
SO;NHCsHy, SON(CsHy)s, SO,NHCH;, SO;N(CeHs)z, NO,, CN,
COOCHs, COOC;Hs, COOC;H;, COOC4H,, COSCH;, COSC,Hs,
COSCsH7, COSC4Hy, CONH;, CONHCH;, CON(CHy),, CONHC,H;,
CON(C:Hs);, CONHC;H;, CON(C;H,),, CONHC,H, CON(C4Hp),
and |
wherein when R™ and R™ form an aryl ring substituted at two adjacent
positions on said aryl ring, then said two adjacent positions can be joined by a
chain selected from CHCHCHCH, CH,CH,CH,CH,, CHCHCH,,
CH,CH,CH,, CH,CH;,, SCH,S, SCH,CH,S, OCH;0, or OCH,CH,0 to form a

bi-cyclic structure; and

R" is selected from H, Cyg straight chain alkyl, branched alkyl, Cs3 cycloalkyl, Cys
alkylcycloalkyl or cycloalkylalkyl, andCsq alkenyl;

3. Open chain 6 membered heteroaryl series
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A third series of GPR6 inverse agonists are “open chain 6 membered heteroaryls”

represented structurally as follows

-wherein at leést one of V, W, X, Y and Z is selected from N and each of V, W, X, Y and Z

| that is/are not N are mdependenﬂy selected from CR!, CR2 CR3, CR* and CR’, with the

provisio that at least two of V, W, X, Y and Z are other than N;

R, R% R®, R*, and R® are each independently selected from the following:
H, F, Cl, Br, I R? CFs;, CFRY% CF,CF, CCh, CCLR? CCLCCLR"? NR"RY,
NRISCOR?, NRMSO,RZ, OR, OCFs;, OCF;R!%, OCF,CF:R'%, OCOR", OSORY,

OPO(OR'2),, SR'?, SCF;, SCF:R'?, SCF,CF:R'%, SCOR', SOsR'?, SO,NR"*R", PO(OR "),

- PO(ORZ)R2, NO,, CN, CNR'(NRPR*), CNR"(SR'?), COOR'%, COSR", CONR"R",

. and

wherein any two adjacent positions of RY, R?, R3, R*, and R® can be joined by a chain
selected from CHCHCHCH, CHzCHzCHzCHz',' CHCHCHz, CHzCHzCHz, CH:CHz,

SCH,S, SCH,CH,S, OCH,0, and OCH2CH§O to form a bi-cyclic structure;
R:, R°, RY, and R™ are each independently selected from H, Ci.g straight chain alkyl,

branched alkyl, Cs.¢ cycloalkyl, Cy alkylcycloalkyl or cycloalkylalkyl, Cz¢ alkenyl, aryl and
allcylaryl; |
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R™ js selected from H, Cys straight chain alkyl, branched alkyl, Css cycloalkyl, Css
alkylcycloalkyl or cycloalkylalkyl, Cp.5 alkenyl, aryl, alkylaryl, (CH;),NR 3R 4, (CH2)nSO:H,
and (CH;),CO,H, wherein n is 2 through 6 and m is 1 through 6;

R' and R™ are each independently selected from H, Cj.g straight chain alky, branched alkyl,
Ca g alkenyl, cycloalkyl, alkylcycloalkyl, cycloalkylalkyl, aryl and CHaaryl, wherein each said
aryl group or said aryl portion of said CHaaryl group may be optionally substituted by up to
four substituents in any position independently selected from:
F, Cl, Br, I, CF;, CCls, CHs, C;Hs, C3Hy, C;Hy, NH;, NHCH3;, N(CHs);, NHC,Hs,
N(C;Hs);, NHCsH;, N(CsHy), NHC.Hy, N(C4Hp),, NHCOH, . NHCOCHS,
NHCOCHs, NHCOC;H;, NHCOC,H;, NHSO,CH, NHSO,C,Hs, NHSO,C;H>,
NHSO,C,Hs, OH, OCH,, OC,H;, OC3Hy, OC4H;, OC,Hs, OCsH, OCsHy;, OCgHy;,
OCeHis, OCF3, OCOCH3, OCOC,H;s, OCOC;3H;, OCOC,Hy, 0OS0,CH3, OSO,C,Hs,
080,C;H;, 0SO,CHy, SH, SCH;, SC;Hs, SC3H;, SC.H, SC4Hy, SCsHy, SCsHy,,
- SCeHl11, SCeHus, SCFi, SCOCH;, SCOC,Hs, SCOC;H;, SCOC4Hy, SO;CHa,
SOsCalls, SOsCsHy, SO3C4H,, SO,NH;, SO,NHCH;, SO:N(CHs);, SO,NHC,Hs,
SON(C;Hs)z, SONHC3Hy, SO,N(CsHy),, SO,NHC,H, SO2N(CsHy)z, NO;, CN,
COOCHs, COOC,Hs, COOC;H;, COOC,H,, COSCHs, COSC;Hs, COSC;Hj,
COSC4Hy, CONH,, CONHCH;, CON(CHs),, CONHC,Hs, CON(C;Hs);, CONHC:H;,
CON(C;Hy),, CONHCHy, CON(C4Hy),, and
wherein when R™ and/or R contain an aryl ring substituted at two adjacent

positions on said aryl ring, then said two adjacent positions can be joined by a
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-chain  selected from CHCHCHCH, CHCHCH,CH; CHCHCH,,
CH,CH,CH,, CH,CH,, SCH,S, SCH,CH:S, OCH:0, or OCH,CH;O to form a

bi-cyclic structure; or

R!'? and R form part of 2 5, 6 or 7 membered saturated cyclic structure or 5,6

or 7 membered unsaturated cyclic structure, each such structure optionally
containing up to four heteroatoms selected from O, N and S and wherein each
said cyclic structure may be optionally substituted by up to four substituents in
any position, each position independently selected from:
F, Cl, Br, I, CFs, CCl3, CHs, CHs, C3Hy, C4Hy, NH;, NHCH;3 N(CHs),,
NHCHs, N(C;Hs), NHC:;H;, N(CsHy);, NHCsHy, N(CiHp),
NHCOH, NHCOCH;, NHCOC;Hs, NHCOC;H;, NHCOCH,,
NHSO,CHs, NHSO,C;H;, NHSO,C;H;, NHSO,C(Hy, OH, OCH;,
-OC,Hs, OC;H7, OC4H;, OCsHy, OCsHy, OCsH;1,” OCeHi, OCgHis,
OCF;, OCOCHs, OCOC,Hs, OCOC:H;, OCOCH;, OSO,CHs,
OSdzcsz, 0S0,CsH7, 0SO,CHy, SH, SCH;, SC;Hs, SC3ﬁ7, SCHy,

SC4H9’ SC5H9: SCSHH:' SCGHII’ SC6H13” SCF3: SCOCH3, SCOC2H5’

SCOC;H;, SCOCH, SO;CHs, SO;C:Hs, SOsCsHz, SO;CiH,
SO,NH, SO,NHCH; SO;N(CHs),, SO:NHC.H;, SO;N(CyHs),
SO,NHC:H;, SO;N(CsH:),, SO;NHC:Hy, SO;N(CiHs),, NO,, CN,
COOCH,, COOC;H;, COOC;H;, COOC:H;, COSCH;, COSC,Hs,

COSC;H;, COSC4Hy, CONH;, CONHCH3, CON(CH3)2, CONHC,Hs,
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CON(CHs);, CONHC;H;, CON(C3Hy),, CONHC,Hs, CON(C4Hy),,
and
wherein when R and R™ form an aryl ring substituted at two adjacent
positions on said aryl ring, then said two adjacent positions can be joined by a
chain selected from CHCHCHCH, CH,;CH,CH,CH,, CHCHCH,,
CH,CH;CH3, CH;CH,, SCH,S, SCH,CH,S, OCHZO, or OCH;CH,O to form a

bi-cyclic structure; and

R is selected from H, Cig straight chain alkyl, branched alkyl, Cs cycloalkyl, C,9
alkylcycloalkyl or cycloalkylalkyl, and Cs.¢ alkenyl;

An aryl moiety can be a 5 or 6 membered aromatic heterocyclic ring (containing up to 4
hetero atoms independently selected from N, O, or S) or a 6 membered aromatic non-

heterocyclic ring or a polycycle;

Examples of suitable Cy.g alkyl groups include but art not limited to methyl, ethyl, n-propyl,

i-propyl, n-butyl, and t-butyl.

Examples of 5 or 6 membered ring moieties include, but are not restricted to, phenyl,

furanyl, thienyl, imidazolyl, pyridyl, pyrrolyl, oxazolyl, isoxazolyl, triazolyl, pyrazolyl, |

tetrazolyl, thiazolyl and isothiazolyl. Examples of polycycle moieties include, but are not
restricted to, naphthyl, benzothiazolyl, benzofuranyl, benzimidazolyl, quinolyl, isoquinolyl,

indolyl, quinoxalinyl, quinazolinyl and benzothienyl.
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Further disclosed is a method of modulating the GPRS receptor by contacting said
receptor with a small molecule structurally represented by the foregoing open chain 6

membered heteroaryl series.

4. Closed chain 6 _niembered heteroaryl series.- .

A fourth series of GPR6 inverse agonists are “closed chain 6 membered heteroaryls”

represented structurally as follows:

" wherein at least one of V, W, X, Y and Z is selected from N and each of V, W, X, Y, and Z
that is/are not N are independently selected from CR', CR?, CR’, CR*, and CR®, with the

provisio that at least two of V, W, X, Y and Z are other than N;

R!, R, R®, R, and R are each independently selected from the folldxving:

"H, F, Cl, Br, I, R™2, CFs, CRR", CR,CF; CCh, CCLRY, CCLCCLR?, NR"RY,
NR'SCORZ, NR“SO,R?, ORY, OCF,, OCF;R”, OCFZCFlez, OCORY, OSO;RZ
OPO(OR'2),, SR™, SCFs, SCF;R', SCF,CF,R™, SCOR™, SO:R™?, SO,NR’R™, PO(OR™);,
PO(OR™),R'2, NO,, CN, CNRS(NRR'), CNR'(SR'?), COOR', COSR', CONRPRY,

and
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wherein any two adjacent positions of R', R?, R’, R%, and R can be joined by a chain
selected from CHCHCHCH, CH,CH,CH,;CH,, CHCHCH,, CH,CH,CH,, CH,CH,,

SCH;S, SCH,CH:S, OCH,0, and OCH,CH,O to form a bi-cyclic structure;

R’, R’, R”, and R" are each independently selected from H, Cis straight chain alkyl,
branched alkyl, C;.3 cycloalkyl, Cy alkyloycloalkyl or cycloalkylalkyl, C,.g alkenyl, aryl and
alkylaryl;

R" is selected from H, Cys straight chain alkyl, branched alkyl, Cs3 cycloalkyl, Cay
alkyleycloalkyl or cycloalkylalkyl, Cy s alkenyl, aryl, alkylaryl, (CH),NRsR14, (CH2)SOsH,
and (CH2)CO,H, wherein n is 2 through 6 and m is 1 through 6;

R" and R™ are each indep’endently selected from H, C,.g straight chain alkyl, branched alkyl,
Ca.g alkenyl, cycloalkyl, alkylcycloalkyl, cycloalkylalkyl, aryl and CH,aryl, wherein each said
aryl group or said aryl portion of said CHaaryl group may be optionally substituted by up to
four substituents in any position independently selected from:
| F, Cl, Br, I, CFs, CCl3; CHs, C;Hs, C:Hj, CsHo, NH,, NHCH3, N(CH3),, NHC;Hs,
N(CHs);, NHC:H;, N(C3Hy),, NHCH,, N(C4Hyp),, NHCOH, NHCOCHS;,
NHCOC;Hs, NHCOC;H;, NHCOC,Hs, .NHSO,CH;, NHSO,C;Hs, NHSO,C:Hj,
NHSO0,C4Hy, OH, OCHs, OC;Hs, OCsH;, OC,H;, OC,H, OCsHy, OCsH;y, OCgH,,
OCeHi3, OCFs, OCOCHs, OCOC,Hs, OCOC;H;, OCOC,Hj, 0S0,CH3, 0SO,C,Hs,
0S0,CsH;, 080,C4H,, SH, SCH,, SCoHs, SC;Hy, SC4Hy, SC4Hy, SCsHy, SCsHyy,
SCeHi1, SCeHis,, SCF3, SCOCH;, SCOCH;, SCOC;H7, SCOC4Hy, SO;CH;,
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SO3C;Hs, SOsCsHy, ‘SO:C4Hy, SONH,, SO;NHCH;, SO;N(CHz)z, SO;NHC;Hs,

SON(CHs)s, SONHC;H;, SON(CsHy)z, SO;NHCH, SO,N(CiHy),, NO,, CN,
© COOCH;, COOCHs, COOCsH;, COOCH;, COSCHs, COSCHs, COSCsHn,

COSC;Hy, CONHz, CONHCHj3, CON(CHj)z, CONHCsz, CON(C;Hs);, CONHC3Hy,

CON(CsHy)2, CONHC4H;, CON(C4Hs);, and

wherein when R and/or R'* contain an aryl ring substituted at two adjacent
positions on said aryl ring, then said two adjacent positions can be joined by a
chain selected from CHCHCHCH, CH,CH,CH,CH; CHCHCH,,
CH,CH,CH,, CH,CH,, SCH,S, SCH,CH,S, OCH;O, or OCH;CH;O to form 2

bi-cyclic structure; or

R" and R" form part of a 5, 6 or 7 membered saturated cyclic structure or 5,6
or 7 membered unsaturated cyclic structure, each such structure optionally
containing up to four heteroatoms selected from O, N and S and wherein each
said cyclic structure may be optionally substituted by up to four substituents in
any position, each position independently selected from:

F, Cl, Br, I, CF;, CCl;, CHs, CHs, _C5H—,‘, CHjy, NH;, NHCH3, N(CHs),,
NHC,Hs, N(C;Hs)y, NHCsH;, N(C:Hy),, NHCsH;, N(CsHy),, NHCOH,
NﬁCOCHg,' NHCOC,Hs, NHCOC;H;, NHCOC4H;, NHSO,CHa,
NHSO0,C,;Hs, NHSO,C;Hy, NHS0.C.Hy, OH, OCH, OC;Hx OC;H;, OCsHy,
OC;Hy, OCsHy, OCsHy;, OCgHi;, OCgHys, OCF;, OCOCH;, OCOC,Hs,
OCOC;H;, OCOCHy, OSO,CH;, 0S0,CHs, 0S0,CsH;, OSO,C4Hy, SH,

SCH3, SC,Hs, SCsHy, SC4Hy, SC4Hy, SCsHy, SCsHy1, SCeH11, SCsHis,, SCFs,
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SCOCH;, SCOC;Hs, SCOC;H;, SCOC4Hy, SO;CHs, SOsC,Hs, S0;CsH;,
SOsC4Hs, SO;NH;, SO,NHCH;, SO;N(CHz)z, SO;NHC,H, SO;N(C;Hs),,
SO,NHC;H;, SO,N(C3Hy),, SO;NHC,Hs, SO;N(CyHs),, NO;, CN, COOCH;,
COOC,Hs, COOC;H;7, COOCHs, COSCH3, COSC;Hs, COSCsHy, COSC4H,,
CONH;, CONHCH;, CON(CHs);, CONHC,Hs, CON(C,Hs),, CONHGC:H,
CON(C3Hy),, CONHC,4Hy, CON(C4Hg)2,.and ..

wherein when R!? and R form an aryl ring substituted at two adjacent positions on

said aryl ring, then said two adjacent positions can be joined by a chain selected from

CHCHCHCH, CH,CH,CH,CH, CHCHCH,, CH,CH,CH,, CH,CH,, SCHS,S,

SCH;CHZS, OCH;,O, or OCH,CH,0 to form ébi-cyclic structure; and

R' is selected from H, Cy4 straight chain alkyl , branched alkyl, Cs4 cycloalkyl, Cyo
alkylcycloalkyl or cycloalkylalkyl, and Cs.5 alkenyl;

An aryl moiety can be a 5 or 6 membered aromatic heterocyclic_ ring (containing up to 4
hetero atoms independently selected from N, O, or S) or 2 6 membered aromatic non-

heterocyclic ring or a polycycle;

Examples of suitable C;.s alkyl groups include but art not limited to methyl, ethyl, n-propyl,

i-propyl, n-butyl, and t-butyl;

Examples of 5 or 6 membered ring moieties include, but are not restricted to, phenyl,

furanyl, thienyl, imidazolyl, pyridyl, pyrrolyl, oxazolyl, isoxazolyl, triazolyl, pyrazolyl,
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tefrazolyl, thiazolyl and isothiazolyl. Examples of polycycle moieties include, but are not

testricted to, naphthyl, benzothiazolyl, benzofuranyl, benzimidazolyl, quinolyl, isoquinolyl,

indolyl, quinoxalinyl, quinazolinyl and benzothienyl.

Further disclosed is a method of modulating the GPR6 receptor by contacting said

receptor with a small molecule structurally represented by the foregoing closed chain 6

. membered heteroaryl series.

S. Opeli chain 5 membered heteroaryl (sub-series a).
A fifth series of GPR6 inverse agonists are “open chain 5 membered heteraryls”
represented structurally as follows:

wherein Z is selected from NR*, O and S;

W, X, or'Y are independently selected from N, CR', CR?, and CR’, with the provisio that
when Z is O and Y is N, then Wis CR! and X is CR?;

R, R%, and R} are each independently selected from the following: _

H, F, Cl, Br, I, R, CF;, CRRY CFCF;, CCl, CCLRY cchcc ,R2, NR¥RM,
NRPCOR!?, NR“SO,R?, ORY, OCF;, OCFRY, OCF,CER, OCOR, OSORY,
OPO(OR™), SR™, SCF;, SCF;R™, SCF,CF,R", SCOR', SO;R'?, SO,NR"*R", PO(OR");5,
PO(ORu) 2R12’ Noz, CN, CNRIS(NRISRM)’ CNRIS(SRlz ) -COOR”, _COSR‘Z, CONRISRM,

and
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- wherein any two adjacent positions of R, R%, R?, R*, and R® can be joined by a chain -

‘selected from CHCHCHCH, CH,CH,CH,CH, CHCHCH,, CH,CH;CH;, CH,CH,,
SCH,S, SCH,CH,S, OCH,0, and OCH,CH,O to form a bi-cyclic structure;

R* is selected from H, C;g straight chain alkyl, branched alkyl, Csg cycloalkyl, Cyg
alkylcycloalkyl or cycloalkylalkyl, C.s alkenyl, aryl, alkylaryl, COR®, CSRS, and SO,R>;

R’, R® and R’ are each independently selected from H, Cy.q straight chain alkyl, branched
alkyl, Cs.g cycloalkyl, Cy alkylcycloalkyl or cycloalkylalkyl, C,.¢ alkenyl, aryl and alkylaryl;

R® and R’ are each independently selected from H, C,. stralght chain alkyl, branched alkyl
Cs.s cycloalkyl, Cs alkylcycloalkyl or cycloalkylalkyl, C,.5 a]kenyl aryl and alkylaryl

R’, R°, R", and R are each independently selected from H, Cig straight chain alkyl,
branched alkyl, Css cycloalkyl, Ca alkylcycloalkyl or cycloalkylalkyl, Cy g alkenyl, aryl and
alkylaryl;

R is selected from H, Cy4 straight chain alkyl, branched alkyl, Cs3 cycloalkyl, Cyg
alkyleycloalkyl or cycloalkylalkyl, C, s alkenyl, aryl, alkylaryl, (CHz)NR 3Ry, (CH2)mSO:H,
and (CH,),CO.H, whereinn is 2 through 6 and m is 1 through 6;

R" and R are each independently selected from H, Cy. straight chain alkyl, branched alkyl,
C,.g alkeny] or cycloalkyl, or a]kylcycloalkyl cycloa]kyla]kyl or aryl and CHaryl, wherein
each said aryl group or said aryl portion of said CHaaryl group may be optlonally substituted
by up to four substituents in any position independently selected from:
F, Cl, Br, I, CFs, CCl;, CHs, C;Hs, C3Hy, C4Hy, NH,, NHCH3, N(CH3),, NHC,Hs,
N(C:Hs), NHCH;, N(CiHy), NHCHy, N(CiHs),, NHCOH, NHCOCH;,
NHCOC,Hs, NHCOC:H;, NHCOCH,, NHSO,CH, NHSO,C;Hs, NHSO,C;H>,
NHSO,C4Hs, OH, OCHs, OC;Hs, OC3H;, OC,Hy, OCsHy, OCsHy, OCsHj;, OCgHy;,
OCqH,s, OCF3, OCOCHs, OCOC,Hs, OCOC;:Hj;, OéOC4H9, OS0,CHs, 0S0,C,Hs,
0S0,C3H7, OSO;C4Hy, SH, SCH;, SC;Hs, SCsHy, SC,H, SCsHy, SCsHy, SCsHy;,
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SCeHut, SCeHys, SCFs,  SCOCH;, SCOC;Hs, ' SCOCsH;, SCOCsHy, SOsCHj,

SO:C;Hs, SOsC:Hy, SO3CsHs, SO,NH;, SO,NHCH;, SO;N(CHs);, SO;NHC;Hs,
SON(C;Hs), SONHC;Hy, SO;N(CsHly), SONHCHy, SON(CiHy), NO, CN,

COOCH,;, COOC;Hs, COOCsH;, COOC.H;, COSCHi;, COSC;Hs, COSCsHy,

COSC,Hy, CONH,, CONHCH;, CON(CHz);, CONHC;Hs, CON(C,Hs),, CONHC3Hy,
_ CON(CsHy);, CONHC,Hy, CON(CsHg)y, and |

wherein when R™ and/or R™ contain an aryl ring substituted at two adjacent

positions on said aryl ring, then said two adjacent ‘positions can be joined by a

‘chain selected. from- CHCHCHCH, CH;CH,CH,CH,, CHCHCH,,

CHzCHzCHz, CHzCHz, SCHzS; SCHzCHz_S, OCHzO, or OCHchzo to form a
bi-cyclic structure; or - '

R" and R form part of a 5, 6 or 7 membered saturated cyclic structure or 5,6
or 7 membered unsaturated cyclic structure, each such structure optionally
contai_ning up to four heteroatoms selected from O, N and S and wherein each
said cyclic structure may be optionally substituted by up to four substituents in
any position, each position independenily selected from: '
F, Cl, Br, I, CF3, CCl;, CHs, C;Hs, C3Hy, C4Hy, NH;, NHCH;3,N(CHs)z,
NHC,Hs, N(CHs), NHCsH;, N(CsHy),, NHCsHy, - N(CH),
NHCOH, NHCOCH;, NHCOC;H;, NHCOCs;H;, NHCOC/Ho,,
NHSO,CH;, NHSO,C,Hs, NHSO,C;H;, NHSO,C;Hy, OH, OCHs,

- OC;H;, OC:H;, OC4Hy, OC;Hy, OCsHy, OCsHy1, OCeHi, TOCGHIS,

OCF;, OCOCHi;, OCOC,Hs, -OCOC;H;, OCOCsHs, OSO,CHj,
- 0S0,C,Hs, 0S0,C3H;, 0S0,C,Hs, SH, SCH3, SCyHs, SC3Hy, SC4Hy,
SC4Hy, SCsHy, SCsHi1, SCeHii, SCeHis,, SCF3, SCOCH3, SCOC,Hs,
SCOCsH;, SCOCsHs, SOsCHi, SO;CHs, SO3C3H7, SO3CaHs,
SO;NH,, SO,NHCH; SO:N(CHz);, SONHCH;, SOMN(CHs),
SO,NHC;H;, SO,N(CsH7)2, SONHCsHy, SO:N(CsHs)z, NO,, CN,
COOCH,, COOC,Hs, COOCsH;, COOC;Hy, COSCH;, COSC,Hs,
. COSCsH;, COSC4Hy, CONH,;, CONHCHj, CON(CH3),, CONHC,Hs,
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CON(CHs),, CONHC;H;, CON(C;3H7);, CONHC,Ho, CON(C;Hy),,
-and _
wherein when R” and R'™ form an aryl ring substituted at two adjacent
positions on said aryl ring, then said two adjacent positions can be joined by a
chain selected from CHCHCHCH, CH,CH,CH,CH,, CHCHCH,,
CH,CH,CH,, CH;CHa, SCH;S, SCH,CH,S, OCH,0, and OCH,CH,O to form
a bi-cyclic structure; and

R" is selected from H, C1 - straight chain alkyl, branched alkyl Csg cycloa]kyl Cyo
alkylcycloa]kyl or cycloalkylalkyl, and C, g alkenyl.

An aryl moiety can be a 5 or 6 membered aromatic heterocyclic ring (containing up to 4
hetero atoms independently_ selected from N, O, or S) or a 6 membered aromatic non-

heterocyclic ring or a polycycle;

Examples of suitable C;.3 alkyl groups include but art not limited to methyl ethyl, n-propyl,
1-propy1 n-butyl, and t-butyl.

Examples of 5 or 6 membered ring moieties include, but are not restricted to, phenyl,
furanyl, thienyl, imidazolyl, pyridyl, pyrrolyl, oxazolyl, isoxazolyl, triazolyl, pyrazolyl,
tetrazolyl, thiazolyl and isothiazolyl. Examples of polycycle moieties include, but are not
restricted to, naphthyl, benzothiazolyl, benzofuranyl, benzimidazolyl, quinolyl, isoquinolyl,
indoljl, quinoxaliny], quinazolinyl and benzothienyl.

Further d1sclosed 1s a method of modulating the GPR6 receptor by contacting said
receptor with a small molecule structurally represented by the foregoing open chain 5
membered heteroaryl series.

6. Closed chain 5 membered heteroaryl (sub-series a)
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- As a sixth series of GPR6 inverse agonists, disclosed are “closed chain 5 membered
heteroaryl sub-series a” represented structurally as follows:

PP S
W\HL N \ N
o _ Rqo
Rg R11
wherein Z is selected from NR‘, O and S; |

W, X, or Y are independently selected from N, CR’, CR? and CR®, with the provisio that
when Z is O and Y is N, then W is CR! and Xis CR?;

R, R", and R® are each mdependently selected from the followmg
H F, Cl, Br, L R CF;, CFRZ CFCF, CCh CChLRY? CCLCCLR?, NRPRY,
NRCOR'?, NR“SO,R'?, OR, OCF;, OCF;R’, OCF,CFR"”, OCOR”, OSOR"
OPO(OR™),, SR'%, SCFs, SCF;R "%, SCF,CF:R ", SCOR", SO;R", SO,NR"*R", PO(OR")s,
_PO(OR”)ZR12 NO;, CN, CNRISONRPR™), CNRI*(SR'?), COOR'2, COSR', CONR!*RY,
o o |
wherein any two adjacent positions of R, R?% RS, R4_, and R can be joined by a chain
selected from CHCHCHCH, CH,CH;CH,CH,, CHCHCH,, CH,CH,CH,, CH,CH,,
SCH;S, SCH,CH,S, OCH;0, and OCH,CH;O to form a bi-cyclic structure;

R* is selected from H, Cig straight chain alkyl, branched alkyl, Cs4 cycloalkyl, Cag
" alkylcycloalkyl or cycloalkylalkyl, Cy.¢ alkenyl, aryl, alkylaryl, COR’, CSR’, and SO,R’;

R%, R® and R are each independently selected from H, Cy.s straight chain alkyl, branched
alkyl, Ca.g cycloalkyl, Cy alkylcycloalkyl or cycloalkylalkyl, Cs.g alkenyl, aryl and alkylaryl;

R°® and R are each independently selected from H, Cy.g straight chain alkyl, branched alkyl,
Cs.3 cycloalkyl, Ca.9 alkylcycloalkyl or cycloalky1'aﬂ_<yl, Cas alkenyl, aryl and alkylaryl
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R, R’ RY, and R™ are each independently selected from H, Cy. straight chain alkyl,

branched alkyl, Cs.3 cycloalkyl, Cyy alkylcycloalkyl or cycloalkylalkyl, Cy g alkenyl, aryl and
alkylaryl;

R" is selected from H, Cy¢ straight chain alkyl, branched alkyl, Css cycloalkyl, C4g

a]kylcycloa]kyl or cycloalkylalkyl, Cos alkenyl, aryl, alkylaryl, (CHz)nNR13R14, (CHz)mSO3H,
- (CH2)mCO,H wherein n is 2 through 6 or m is 1 through 6;

R* and R" are each independently selected from H, Cy.g straight chain alkyl, branched alkyl,

Cs.3 alkenyl or cycloalkyl, or alkyleycloalkyl, or cycloalkylalkyl, or aryl or CHaaryl, wherein

each said aryl group or said aryl portion of said CHaaryl group may be optionally substituted

by up to four substituents in any position independently selected from:

| F, C, Br, 1, CFs, CCl;, CHs, C;Hs, CsHy, C4Hy, NH,, NHCH3;, N(CH;),, NHC,Hs,

N(C:Hs), NHC;H;, N(CsHj),, NHCsHy, N(CiHs), NHCOH, NHCOCHS,
NHCOC;H;, NHCOC;Hj, NHCOC4H9, NHSOz(fH3, NHSO,C,Hs, NHSO,C;Hj,
NHSO,C4Hj, OH, OCHs, OC;Hs, OC3H;, OC4H;, OC,H,, OCsHy, OCsHy;, OCgHyy,
OC¢Hi3, OCF3, OCOCH;, OCOC,Hs, OCOC;H;, OCOC4Hs, OSO,CH;, OSO,C;Hs,
0S0,CsHy, OSO.C4Hy, SH, SCHs, SC;Hs, SC;H;, SC.H;, SC4Hy, SCsHy, SCsHy;,
SCell11, SCeHis,, SCFs, SCOCH3;, SCOC,H;, SCOC;H;, SCOC4Hs;, SOsCHs,
S0;CHs, SOsCsHy, SO5C4Hy, SO,NH,, SO;NHCH3, SO,N(CHz),, SO,NHC,Hs,
SO;N(C,Hs),, SO;NHC3Hy, SO,N(C3Hy),, SO;NHC,Ho, SO,N(C;Hy),;, NO,, CN,
COOCH3, COOC;Hs, COOC;H;, COOCH;, COSCH;, COSCHs, COSC;Hy,
COSC4H,, CONH;, CONHCH3, CON(CHS),, CONHC,Hs, CON(C;Hs),, CONHC;3H;,
CON(C3Hy);, CONHC,Hy, CON(C4Hy),, and
wherein when R and/or R contain an aryl ring substituted at two adjacent positions
on said aryl ring, then said two adjacent positions can be joined by a chain selected
from CHCHCHCH, CH,CH,CH,CH,, CHCHCH,, CH,CH,CH,, CH,CH,, SCHS,S,
SCH,CH:S, OCH,0, or OCH,CH,O to form a bi-cyclic structure; or

R" and R" form part of a 5, 6 or 7 membered saturated cyclic structure or 5,6 or 7
membered unsaturated cyclic structure, each such structure optionally containing up
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 to four heteroatoms selected from O, N and S and wherein each said cyclic structure

may be optionally substituted by up to four substltuents in any posiﬁon, each position
mdependently selected from: s
' F, Cl, Br, I, CFs, CCl;, CH;, CHs, CsHy, CqHy, NH,, NHCH;, N(CHj)z,
NHC,Hs,  N(CzHs), NHCsHy, N(CsHy);, NHC.H;, N(CiHy),, NHCOH,
NHCOCH;, NHCOC:Hs, NHCOC:H;, NHCOCHs;, NHSO,CH:,
NHS0,C,Hs, NHSO,CsH;, NHSO,C4Hs, OH, OCH;, OC,Hs, OC;H;, OC;Hj, -
' OCHy, OCsH;, OCsHiy, OCgHyi, OCeHys, OCFs, OCOCHs, OCOC,Hs,
OCOC:H;, OCOCsH,, 0OSO,CHs, 0S0,C,Hs, 0S0,C3H;, 0S0,C,Hy, SH,
'SCH,, SCoHs, SCsHy, SC4Hy, SCsHy, SCsHs, SCsHyi, SCHyy, SCsHis,, SCFs,
'SCOCH,;, SCOC;Hs, SCOC;H;, SCOCHy, SO;CHs, SO:C;Hs, SO;CsHy, -
SO;C4Hy, SO.NH;, SO;NHCH3, SO;N(CHz)z, SO;NHC;Hs, SON(CoHs),,
SO,NHC;Hy, SON(CsHy)z, SO;NHC:Hy, SO:N(C4Hs)z, NO,, CN, COOCH;,
COOC;Hs, COOC;H;, COOC,Hs, COSCH;, COSC,Hs, COSCsH;, COSCHj,
CONH,, CONHCH;, CON(CH;),;, CONHC,H;s, CON(C;Hs),, CONHC:H;,

- CON(C3Hy),, CONHC Hj, CON(C4H)y, and
wherein when R and R form an aryl'rihg substituted at two adjacent positions on
. said aryl ring, then said two adjacent positions can be joined by a chain selected from
CHCHCHCH, CH,CH,CH;CH, CHCHCH, CH;CH,CH,, CH,CH, SCH.S,
SCH,CHS,S, OCH,0, or OCH,;CH;O to form a bi-cyclic structure; and

RY is selected from H, Cig straight chain alkyl, branched alkyl, Cs.s cycloalkyl, Cso
a]kylcycloa]kyl or cycloalkylalkyl, and Cp.5 a]kenyl

An aryl moiety can be a 5 or 6 membered aromatic heterocyclic ring (containing up to 4
hetero atoms independently. selected from N, O, or S) or a 6 membered ‘aromatic non-

* heterocyclic ring or a polycycle;

Examples of suitable Ci.g alkyl groups include but art not limited to methyl, ethyl, n-propyl,
- i-propyl, n-butyl, and t-butyl.

SUBSTITUTE SHEET (RULE 26)



WO 01/62765 PCT/US00/04945

72

- Examples of 5 or 6 membered ring moieties include, but are not restricted to, phenyl,
furanyl, thienyl, imidazolyl, pyridyl, pyrrolyl, oxazolyl, isoxazolyl, triazolyl, pyrazolyl,
tetrazolyl, thiazoljrl and isothiazolyl. Examples of polycycle moieties include, but are not
restricted to, naphthyl, benzoﬂnazolyl benzofuranyl, benzimidazolyl, qumolyl isoquinolyl,
indolyl, qumoxa]myl quinazolinyl and benzothienyl. .

Further disclosed is a méthod of modulating the GPR6 recéptor by contacting said
receptor with a small molecule structurally represented by the foregoing closed chain §

membered heteroaryl series. -

7. Open chain 5 membered heteroaryl (sub-series b)

As a seventh series of GPR6 inverse agonist, disclosed are “open chain 5 membered

heteroaryl sub-series b” represented structurally as follows:

\l)f\/"\JL R

2
Y’Z Rs Ra R1o
Ro R4

wherein Y is selected from NR4, OorS;

W, X, or Z are each independently selectc_ed from N or CR!, CR?, or CR* with the proviso that
when Y is O and Z is N, then W is CR' and X is CR;

R’, R?, and R® are each independently selected from the following:

H, F, Cl Br, I, R% CFs, CFR? CFCF, CCl, CCLRYZ CCLCCLRY, NRM“RM,
NR°COR", NR“SO,R? OR2, OCF,, OCF:R”, OCF,CFR", OCOR? 0SORY
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OPO(OR'?),, SR?, SCF;, SCF,R"?, SCF,CF,R'2, SCOR?, SO;R", SO,NRR™, PO(OR")s,
PO(OR'?),R™, NO,, CN, CNRE(NRPR™), CNR‘S(SR'_Z- , COORY, COSRY, CONRRY,
and
wherein any two adjacent positions of R, R% R, RY, and R® can'be jc;ined by a chain
selected from CHCHCHCH, CH,CH,CH;CH,, CHCHCH,, CH,CH;CH,, CH,CH,

SCH;S, SCHZC‘_st_, OCH;0, or OCHzCHzo to form a bi-cyclic structure;

R is H, Crs straight chain alkyl, branch_ed all_cyl, Cs.s cycloalkyl, Cs9 alkylcycloalkyl or

cycloalkylalkyl, Cy.¢ alkenyl, aryl, alkylaryl, COR®, CSR’, and SO;R’;

RS, R® and R are each independéntly selected from H, C.s stréight chafn alkyl, branched

alkyl, Cs.g cycloalkyl, C4 alkylcycloalkyl or cycloalkylalkyl, Cys alkenyl, aryl and alkylaryl; -

R® and R are each independently selected from H, C,.g straight chain alkyl, branched alkyl,

C3.g cycloalkyl, C4.5 alkylcycloalkyl or cycloalkylalkyl, Cz.5 alkenyl, aryl and alkylaryl

R®, R®, R™, and R are each independently selected from H, Cyg straight chain alkyl,
branched alkyl, C3.g cycloalkyl, C49 alkYIcycloa]le or cycloalkylalkyl, C,.; alkenyl, aryl and
alkylaryl; | o

R is selected from H, Cig straight chain alkyl, branched alkyl, Cas cycloalkyl, Cao

a]kylcycloé,]kyl or cycloalkylalkyl, C,.s alkenyl, aiyl, alkylaryl, (CH)aNR1sR14, (CH2)mSOsH, -
and (CHy)CO,H, wherein n is 2 through 6 and m is 1 ﬂ:ifbugh 6;
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R" and R" are each independently selected from H, Cyg straight chain alkyl, branched alkyl,
Cas alkenyl or cycloalkyl, or alkylcycloalkyl, or cycloalkylalkyl, or aryl or CH,aryl, wherein
each said aryl group or said aryl portion of said CHoaaryl group may be optionally substituted
by up to four substituents in any position independently selected from:
F, Cl, Br, I, CFs, CCls, CH;, C,Hs, C3Hy, C;Hy, NH,, NHCH;, N(CH3),, NHC,Hs,
N(GHs)z, NHC3H;, N(C3Hy), NHCH;, N(CiHs),, NHCOH, NHCOCH;,
NHCOC,Hs, NHCOC;H;, NHCOC,Hy, NHSO,CHs, NHSO,C;Hs, NHSO,Cs;Hy,
NHSO,C4Hs, OH, OCH3, OC,Hs, OC3H;, OC4H;, OC,H,, OCsHs, OCsHy;, OCgHy;,
OCsH;3, OCF3, OCOCH3, OCOC,Hs, OCOC;H;, OCOC,H,, 0OSO0,CH3, OS0O,C,Hs,
0S0,CsH;, 0SO,CH,, SH, SCH;, SC,Hs, SCsHy, SC4Hy, SC4Hj, SCsHy, SCsHy,,
SCeHu1, SCeHis,, SCFs;, SCOCH;, SCOCHs, - SCOCsH;, SCOC4Hy, SO;CHs,
SO;CHs, SOsC3Hy, SO3C4Hy, SO;NH,, SO,NHCH, SO;N(CH3);, SO,NHC,Hs,
SO:N(C;Hs);, SO;NHC3H;, SO;N(C3Hy),, SO;NHC,Hy, SO;N(C4Hg);, NO,, CN,
- COOCH;, COOC:Hs, COOC;H;, COOCH,;, COSCH;, COSC;Hs, COSC;H5,
COSC4Hy, CONH;, CONHCH3, CON(CH3);, CONHC,Hs, CON(C;Hs),, CONHC:H;,
CON(C3Hy),, CONHCHy, CON(C4Hy),, and
‘wherein when R™ and/or R™ contain an aryl ring substituted at two adjacent
positions on said aryl ring, then said two adjacent positions can be joined by a
chain selected from CHCHCHCH, CH;CH,CH,CH,, CHCﬁCHz,
CH,CH,CH,, CH,CH,, SCH;S, SCH,CH;,S, OCH,O0, or OCH,CH,0 to form a

bi-cyclic structure; or

SUBSTITUTE SHEET (RULE 26)




“WO 01/62765 -

PCT/US00/04945

75

'R and R™ form part of a 5, 6 or 7 membered saturated cyclic structure or 5,6

or 7 membered unsaturated cyclic structure, each such structure optionally
containing up to four heteroatoms selected from O, N and S and wherein each
said cyclic structure may b'e'-optionally' substituted by up to four substituents in
any position, each position independenﬂy selected from:
F, Cl, Br, L, CF3, CCls, CH3, C;Hs, CsHy, C4Hy, NH;, NHCH3 N(CHa)s,
NHCH;, N(CHs, NHCHr, NGl NHCH, NCH),
NHCOH, NHCOCH;, NHCOC;Hs,  NHCOC3;H;, NHCOC,Hj,
NHSO,CH;, NHSO,C;Hs, NHSO,CsHy, NHSO,C;H,, OH, OCHj,
OC;Hs, OC;H;, OCsH;, OCsHy, OCsHo, OCsHy1, OCgHy;, OCsHs,
OCFs, OCOCH;, OCOC.Hs, .OC003H7,: OCOCHj, - OSO,CHs,
0S0,C,Hs, 0S0,C;H7, OSO,C Hy, SH, SCH;, SC;Hs, SCsH7, SC/H,
SC4Hy, SCsHy, SCsHy1, SCHy, SCsHiz,, SCF3, SCOCH3, SCOC,Hs,
SCOC:H;, SCOCHy, SOsCHs, SO;C;Hs, SO3Cs3H;, SO;C4Hs,
SO,NH,, SO;NHCHj;, SO;N(CH3);, SO;NHCHs, SO;N(C;Hs),,
SO,NHC;H;, SON(CsHy);, SO;NHCHy, SON(C4Hy)s, NOz, CN,
COOCH;, COOCH;, COOC:H;, COOCH;, COSCH;, COSC;Hs,
COSCsHy, COSC,Ho, CONﬁz, CONHCH3;; CON(CH3),, CONHC;HS,-
- CON(CzHs);, CONHC;H;, CON(C3H7);, CONHC4Hy, CON(C4Hp),,
and
wherein when R" and R form an aryl ring substituted at two adjacent
positions on said aryl ring, then said two adjacent positions can be joined by a

chain selected from CHCHCHCH, CH,CH,CH,CH; CHCHCH,
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: CHzCHz_CHz, CHzCHz,SCHzS, SCHzCHzS, _OCHzO, or OCH,CH,0 to form a

bi-cyclic structure; and

RY is selected from H, Cig straight chain alkyl, branched alkyl, Cig cycloalkyl, Cy.o
alkylcycloalkyl or cycloalkylalkyl, and C;.g alkenyl.

An aryl moiety can be a 5 or 6 membered aromatic heterocyclic ring (containing up to 4
hetero atoms independenﬂy selected from N, O, or S) or a 6 membered aromatic non-

heterocyclic ring or a polycycle;

Examples of suitable C;.4 alkyl groups include but art not Limited to methyl, ethyl, n-propyl,-

i-propyl, n-butyl, and t-butyl.

Examples of 5 or 6 membered ring moieties include, but are not restricted to, phenyl,
fufanyl, thienyl, imidazolyl, pyridyl_, pyrrolyl, oxazolyl, isoxazolyl, triazolyl, pyrazolyl,
tetraiolyl, thiazolyl and isothiazolyl. Examples of prycycle moi.eties include, but are not
restricted to, naphthyl, benzothiazolyl, benzoﬁm;myl, benzimidazolyl, quinolyl, isoquinolyl,
indolyl, quinoxalinyl, quinazolinyl and benzothieny. '

Further disclosed is a method of modulating the GPR6 receptor by contacting said
réceptor with a small molecule structurally represented by the fofegoing open chain 5
membered heteroaryl series.

8. Closed chain 5 membered heteroaryl (sub-series b)
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As an eighth series of GPR6 inverse agonists, discldsed are “closed chain 5 memebered

heteroaryl sub-series b” represented structurally as follows:

0 S—sS§

j)L )\N)%N

Y'Z Rio
R R11

wherein Y is selected from NR4, OorS;

. W, X, or Z are each independently selected from N or CR!, CR?, or CR* with the proviso that

when Y is O and Z is N, then W is CR' and X is CR*;

R, R?, and R® are ea;:h inciependently selected from the following:

H, F, Cl, Br, I, R, CF;, CFRY, CFCF, CCh, CCLR? CCLCCLR"?, NRPRY,
NR‘ScoRiz, NR'*SO,R, OR", OCF;, OCFR”, OCF,CFR”, OCOR”, OSORY,
OPO(OR"?),, SR, sch,'s_CF_zR“, SCF,CFR", scoR”, SO;R', SO,NR”R"™, PO(OR")5,
PO(OR"),R", NO;, CN, CNR(NR"R"), CNR™(SR™), COOR", COSR", CONRR",
and | o L
.‘ wherein any two adjacent pos_itiqns of R, Rz, R3, R* and R"’_ can be_ joined by a chain
selected from CHCHCHCH, CH;CH,CH,CH,, CHCHCH,, CH,CH;CH,, CH;CH,

SCHS,S, SCH,CH,S, OCH;0, or OCH,CH,O to form a bi-cyclic structure;

R* is selected from H, Cyg straight chain alkyl, branched alkyl, Css cycloalkyl, Cas

alkylcycloalky! or cycloalkylalkyl, C; ¢ alkenyl, aryl, alkylaryl, COR®, CSR’, and SO,R’;
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R®, R® and R are each independently selected from H, Cy. straight chain alkyl, branched

alkyl, Cs.g cycloalkyl, C4 alkylcycloalkyl or cycloalkylalkyl, Cy.5 alkenyl, aryl and alkylaryl;

R® and R are each independently selected from H, C;.g straight chain alkyl, branched alkyl,

Cs:3 cycloalkyl, Cy alkylcycloalkyl or cycloalkylalkyl, C,.5 alkenyl, aryl and alkylaryl

R’, R’, RY, and R" are each independently selected from H, Cy4 straight chain alkyl,
branched alkyl, Cs.5 cycloalkyl, Cs alkylcycloalkyl or cycloalkylalkyl, C,.s alkenyl, aryl and
alkylaryl;

R?2 is selected from H, C;3 straight chain alkyl, branched alkyl, Cs; cycloalkyl, Cy.o
alkylcycloalkyl or cycloalkylalkyl, C, g alkenyl, aryl, alkylaryl, (CH,),NR13R14, (CH3)mSO5H,
and (CHy)CO,H, wherein n is 2 through 6 and m is 1 through 6;

R and R™ are each independently selected from H, C).g straight chain alkyl, branched alkyl,
Caz. alkenyl or cycloalkyl, or a]kylcycloa_lkyl, or cycloalkylalkyl, or aryl or CH,aryl, wherein
each said aryl group or said aryl portion of said CHaaryl group may be optionally substituted
by up to four substituents in any position independently selected from: |
F, Cl,' Br, 1, CF;, CCl;, CHs, C,Hs, C3Hy, C4Hy, NH,, NHCH3;, N(CH3),, NHC,Hs,
N(C;Hs),, NHC:H;, N(CsHy),, NHCH, N(CHyp);, NHCOH, NHCOCH;,
NHCOC,Hs, NHCOC3H;, NHCOC,Hy, NHSO,CH;, NHSO,C;Hs, NHSO,C;3H;,

NHSO,C4Hs, OH, DCHs, OC,H;s, OC3Hy, OC,H;, OC,H,, OCsH,, OCsHiy, OCsHy,,
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OC¢H;3, OCF;, OCOCH3, OCOC,Hs, OCOC;H;7, OCOC4Hy, OSO,CH3, OSO,C;Hs,

0S0,C3H;, OS0.C4Hs, SH, SCH3, SCHs, SCsH7, SC4Hj, SC4Hg, SCsHy, SCsHas,

SC¢H;1, SCeHis,, SCFs3, SCOCH,, SCOC,;Hs, SCOC3H;, SCOC:H,, SO;CHj,

S03C,Hs, SOsCsH;, SO;C4Hy, SO;NH;, SO,NHCH; SO,N(CHz)z, SO.NHC,Hs,
SO,N(C;Hs);, SO,NHC3H;, SO;N(CsHy)z, SO;NHC4Hy, SO;N(CsHp)s, NO;, CN,

- COOCHs, COOGC,Hs, COOC;H;, COOCsH,, COSCH3, COSC;Hs, COSCsHj,

~ COSC4Hs, CONH,, CONHCH3;, CON(CH3);, CONHC,Hs, CON(C,Hs)2, CONHC3Hy,

CON(C3Hj),, CONHC,H;, CON(C4Hs),, and

wherein when R* and/or R contain an aryl ring substituted at two adjacent
positions on said aryl ring, then said two adjacent positions can be joined by a

chain selected from CHCHCHCH, CH;CH,CH;CH;, CHCHCH,,

" CH,CH,CH,, CH,CH, SCHS,S, SCH,CH,S, OCH;0, or OCH,CH,0 to form a

- bi-cyclic structure; or

R® and R form part of a 5, 6 or 7 membered saturated cyclic structure or 5,6

- or 7 membered unsaturated cyclic structure, each such structure optionally

containing up to four heteroatoms selected from O, N and S and wherein each
said cyclic structure may be optioﬁally substituted by up to four subétituents in
any position, each position independently selected from:
F, Cl, Br, I, CF3, CCls;, CHs, C;Hs, CsHy, C4Hy, NH;, NHCH;3 N(CHaz),,
NHC:Hs, N(CHs), NHC:H;, N(CsHy), NHCiH;, N(CiHg),
NHCOH, - NHCOCH;, NHCOC;Hs, NHCOC;H;, NHCOC4H,,

NHSO,CH;, NHSO,C;Hs, NHSO,C3;H;, NHSO,CHy, OH, OCH;,
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OC,Hs, OC;Hy, OC4Hz, OCqH, OC3Hj, OCsHyy, OCeHy;, OCsHs,
OCFs, OCOCHs, OCOC;Hs, OCOC3H;, OCOC.H,, OSO,CH,,
OS02C,Hs, 0SO,C;H7, 0SO,C4Hy, SH, SCH3, SCHs, SC;Hj,, SCsHj,
SC4Hy, SCsHy, SCsHy1, SCeHi, SCsHis,, SCFs, SCOCH;, SCOC,Hs,
SCOC3H;, SCOCsHy, SOsCHs;, SO;CHs,. SO;C;Hy, S0O;C,Hp,
SONH;, SONHCH;, SO,N(CH:);,, SO,NHC,Hs, SO;N(CzHs),,
- SO;NHC3H7, SON(CsHy);, SO,NHCHy, SO,N(CsHs),, NO,, CN,
COOCHs, COOC;Hs, COOC:H;, COOCHy, COSCHs, COSC,Hs,
COSC;H;, COSC4Hy, CONH,, CONHCH;, CON(CHs),, CONHC,Hs,
CON(C;Hs);, CONHC;H;, CON(C;H;);, CONHC,Ho,, CON(C4Hy),,

and
wherein when R and R™ form an aryl ring substituted at two adjacent
positions on said aryl ring, then said two adjacent positions can be joined by a
chain selected from CHCHCHCH, CH,CH,CH,;CH,, CHCHCH,,
CH;CH,CH,, CH2CH2, SCH;S, SCH,CH,S, OCH;0, and OCH,CH,O to form

a bi-cyclic structure; and

RY is selected from H, Ci3 straight chain é]kyl, brahched a.lkyi, C3.§ cycloalkyl, Cyo
alkyleycloalkyl or cycloalkylalkyl, and Cy¢ alkenyl.

An aryl moiety can be a 5 or 6 membered aromatic heterocyclic ring (containing up to 4
hetero atoms independently selected from N, O, or S) or a2 6 membered aromatic non-

heterocyclic ring or a polycycle;
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Examples of suitable Cy.g alkyl groups include but art not limited to methyl, ethyl, n-propyl,

i-propyl, n-butyl, and t-butyl.

Examples of 5 or 6 memb‘ered ring moieties include, but are not restricted to, phenyl, furanyl,
thienyl, imidazolyl, pyridyl, pyrrolyl, oxazolyl, isoxazolyl, triazolyl, pyrazolyl, tetrazolyl,
thiazolyl and isothiazolyl. Examples of polycycle moieties include, but are not restricted to,
~ naphthyl, benzothiazolyl, benzofuranyl, benzimidazolyl, quinolyl, isoquinolyl, indolyl,

quinoxalinyl, quinazolinyl and benzothienyl.

Further disclosed is a method of modulating the GPR6 receptor by contacting said
~ receptor with a small molecule structurally represented by the foregoing closed chamn 5

memebered heteroaryl sub-series -

EXAMPLE 8A
SYNTHETIC APPROACHES

The compounds disclosed in this invention may be readily prepared according to a
variety of synthetic manipulations, all of which would be familiar to one skilled in the art. In the
general syntheses set forth below, the labeled substituents “R” have the same identifications as

set out in the definitions of the compounds disclosed below.
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In the approaches disclosed below, “Protocol A” is the synthetic approach'up to formula (I1I),

and “Protocol B” is the synthetic approach up to formula (V). Itis noted that in each of these

approaches, the compdund produced by Protocol A is then in turn used as the starting

- materia] for the compound produced by Protocol B.

Compounds of formulas (II) and (V) or a solvate or physiologically functional

derivative thereof can be used as active ingredients in phérmaceutical compositions,

specifically as a GPR6 inverse agonists. The data developed herein supports the conclusion

that GPR6 inverse agonists are of use for the treatment or prophylaxis of clinical obesity or
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overweight disorders in mammals, including, but not limited to, human. Compounds of the
formulas (IIT) and(V) may be administered by oral, -suﬁlingual, parenteral, rectal, topical
administration or by a transdermal patch. Transdermal patches dispense a drug at a
controlled rate by presenting the drug for absorption in an efficient manﬁer with a minimum
of degradation of the drug. Typically, transdermal patches comprise an impermeable backing
layer, a single pressure sensitive adhesive and a removable protective layer with a release

liner. One of ordinary skill in the art will understand and appreciate the techniques

- appropriate for manufacturing a desired efficacious transdermal patch based upon the needs -

of the artisan.

In addition to the neutral forms of compounds (_)f formulas (IIT) and (V) by appropriate
addition of an ionizable | substituent, which does mnot alter the receptor specificity of the
compound, physiologically acceptable salts of the compounds may also be formed and used as
therapeutic agents. Different amounts of the compounds of formulas (IIT) and (V) will be
required to achieve the desired biological effect. The amount will depend on factors such as the
specific compound, the use for which it is intended, the means of administration, and the
condition of the treated individual — all of these dosing parameters are within the level of one of
ordinary skill m the medmmal arts. A typical dose may be exp_ecte(j to fall in the range of 0.001
to 200 mg per kilogram of body wéight of the mammal. Unit déses may cpntain from 1 to 200

mg of the compounds of formula (III) or (V) and may be administered one or more times a day,

individually or in multiples. In the case of the salt or solvate of a compound of formulas (IIT) and

(V), the dose is based on the cation (for salts) or the unsolvated compound.
Compositions, including, but not limited to, pharmaceutical compositions, comprising

at least one compound of formulas (III) and (V) and/or an acceptable salt or solvate thereof
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(e.g., a pharmaceutically acceptable salt or solvate) as an active ingredient combined with at
least one carrier or excipient (e.g., pharmaceutical carrier or excipient). Pharmaceutical
compositions may be used in the treatment of clinical conditions for which a GPR6 inv.erse
agonist is indicated. At least one compound of formula (IIT) and (V) may be combined with
the carrier in either solid or liquid form in a unit dose formulation. The pharmaceutical
carrier must be compatible with the other ingredients in the composition and must be
tolerated by the individual recipient. Other physiologically active ingredients may be
incorporated into the pharmaceutical composition of the invention if desired, and if such
ingredients are compatible with the other ingredients in the composition. Formulations may
be prepared by any suitable method, typically by uniformly mixing the active compoundy(s)
with liquids or finely divided solid carriers, or both, in the required propottions, and then, if
necessary, forming the resulting mixture into a desired shape.

Conventional excipients, such as binding agens, fillers, acceptable wetting agents,
tabletting lubricants, and disintegrants may be used in tablets and capsules for oral
administration. Liquid preparations for oral administration may be in the form of solutions,
emulsions, aqueous or oily suspensions, and syrups. Alternatively, the oral preparations may be
in the form of dry powder that can be reconstituted with water or another suitable liquid vehicle
before use. Additional additives such as suspending or emulsifying agents, non-aqueous
v‘ehicles (including edible oils), preservatives, and flavorings and colorants may be added to the
liquid preparations. Parenteral dosage forms may be prepared by dissolving. the compound of
the invention in a suitable liquid vehicle and filter sterilizing the solution before filling and

sealing an appropriate vial or ampoule. ‘These are Just a few examples of the many appropriate

methods well known in the art for preparing dosage forms.
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It is noted that when the GPR6 inverse agonists are utilized as active ingredients ina
pharmaceutical composition, these are not intended for use only in humans, but in other non-
human mammals as well. Ind‘eed, recent advances in the area of animal health-care mandate that
consideration be given for the use of GPR6 inverse agonists for the treatment of obesity in

domestic animals (e.g., cats and dogs), and GPR6 agonists in other domestic animals where no

disease or disorder is evident (e.g., food-oriented animals such as cows, chickens, fish, etc.).
Those of ordinary skill in the art are readily credited with understanding the utility of such
compounds in such settings.

Below are structural representations of compounds that have been determined to exhibit

similar GPR6 inverse agonist activity and selectivity as that of compound ARE112.

ARE111 ARE]12
| 0 s—S
0O §8 S . )\
S Z
S N’”\ )I\ y N N N
N~ "NH \ /
A
ARE113 ARE114
o s S .0 s——i
N~ N NH | N OSNTSN
oo ~
AREI15 ARE116
0o s 8 |
)J\ /U\ . 0 s—S
X7 N7 N7 ONH P )§
CFl = H l N N~ 'N.°N
8 CFy?
i
i

SUBSTITUTE SHEET (RULE 26)



WO 01/62765 PCT/US00/04945

86

ARE117 . -~ ARFE118
O s S 0O s—S§
NJ\NJ\NH N)\N)*N
H '\ J \_/
ARE119 ARE120
O s S 0O §s—S
/@ALN/U\NJLNH /©)LN/)\N)§N
H o\ J /
cl cl
ARE121 ARE122
0O s—S§
0 S S
A Ion'as.
: H \__/ H MeO H \—-/
MeO :
ARE123 ARE124
O s S 0O s—S
N/”\NJLNH NAN*\N
H v/
OMe  OMe
ARE125 ARE126
@ & 3 o s—S
o A,
Ho o \_J
Me ) Me
ARE127 ARFE128

o s S 0 s—S
e N/”\N/U\NH /@JLN/)\N)\N
LR - _/

SUBSTITUTE SHEET (RULE 26)




WO 01/62765

ARE131
| o s S
| @\)LNJLN)LNH
H
. |
ARFE133
O S S
| /@\/U\N/U\N)J\NH
Ho O\ J
F F
ARE135
0.8 8
Seane
H \_/
ARE137

PCT/US00/04945

87

~ ARE130
o s—s§

A A
\_J/

" ARE132
0 §s§—S

SUBSTITUTE SHEET (RULE 26)



WO 01/62765 _ PCT/US00/04945

88

ARE141 ARE142
o] S S 0 s—S
S S
S PN
cl cl —
- ARE143 ARE144
O s S8 0 §—S
° J o A
<\J/u\ll_u| N~ "NH < N~ N7 SN
ARE145 ARE146
F€ O 8§ § FiC O s5—S§
AT A
N~ N NH . B N~ N7 N
— H \ / : H \ /
Cl cl
ARE147 ARE148
Me O 8 8 Me 0 s—S
o NJLN/U\NH = NAN)*N
\ H 0
N= \__/ \N’
Me Me
ARE149 ARE150
0 s S
0O $—S
O o
N\\_))LN/U\N/U\NH N /)\ )§
H  \J W/ N NN
ARE151 | | ARE152

0

s S
: Jj\ )L . 0 s—S
I\‘II\IQ/U\H N\__/NH | ﬁ?)\n/ N/kN

Q CF, /@/ - \_/

Cl Cl

SUBSTITUTE SHEET (RULE 26)



WO 01/62765 _ PCT/US00/04945

-89
- ARE154
N N . NH
H/)\N
/
ARE156
EXAMPLE 8B

PPREPARATION OF COMPOUNDS ARE111 — ARE156
Mass spectra were recorded on a PE Sciex API 150 EX mass spectrometer linked to a
Shimadzu dual pump (two LC8 pumps) HPLC using a CombiScreen C18 reverse phase column
(50 mm x 4.6 mm i.d.). Gradient elution was over 5 minutes with 95% water containing 0.05%

TFA)/5% acetonitrile containing 0.35% TFA down to 100% acetonitrile at a flow rate of

~ 3.5ml/min. Sampies eliting from the HPLC were routinely monitored at 220nm using a

Shimadzu SPD-10AVP detector unless otherwise stated. All reagents were purchased from
commercial sources.
Preparation 1
Preparation and Analysxs of
ARE111 N-(2-thioxe-imidazolidine-1-carbothioyl)-thiophene-2-carboxamide and

ARE112 N-(5,6-dihydro-3H-imidazo[2,1-c]-1,2,4-dithiazol-3-ylidene)-thiophen-2-
carboxamide '

The following synthetic protocols were used to generate each of the compounds below:
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Protocol A:

To a freshly prefared solution of potassium thiocyanate (2.14g, 22mmol) in dry
acetone (80ml), thiophene-2-carbonyl chloride (2.93g, 20mmol) was added dropwise at room
temperature; the reaction mixture was then heated under a reflux for 15 min to give
thiophene-2-carbonyl isoﬂ'niocyénate in situ as a yellow suspension. The heating.was stopped
and 2-imidazolidinethione (2.04g, 20mmol) was added. The mixture was then heated under
reflux for an additional 4 hours before being allowed to cool followed by stirring at room
temperéture overnight (15 bours). 50 ml of water was added and the mixture was further
stirred at room temperature for a few minutes. The resulting precipitate was collected by
filtration and washed with water, _water/methanol (1:1) and methanol to give the compound
ARE111 (2.865g, yield = 53%) |

Mass spectrum: m/z (%): 272.0 (M+H, 100) Calculated for CoHoN30S; =270.98

HPLC retention time: 2.97 min

Protocol B:

To a suspension of ARE111 (2g, 7.37mmol) in ethanol (30ml) was added

concentrated hydrochloric acid (0.75ml) and 30% hydrogen peroxide (2ml). The reaction
mixture was.heated under reflux in an éil bath for two hours while the yellow suspension
turned white. The resulting precipitate was collected by ﬁltration. and washed with ethanol to
give the hydrochloride éalt that was then suspended in ethanol (ZOinl) and treated with 28-
30% ammonium hydroxide (1mi) to yield the free base. The reaction mixture was stirred at
room temperature for 20 min then the resulting precipitate was collected by filiration, washed

with ethanol and dried to give the compound ARE112 (1.304g, yield = 66%) as a yellowish
solid.
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MS (ES+): m/z (%): 270 (M+H, 100)

Mass spectrum: m/z (%): 270.0 (M+EH, 100) Calculated for CsH;N;0S; = 268.98

HPLC retention time: 2.36 min -

Preparation 2 -

Preparation and Analysis of
ARE113 N—(Z—thmxo-nmxdazohdme-l-carboﬂuoyl)-benzamlde and
_Aﬂgﬁ N-(5,6-dihydro-3H-imidazo[2,1-c}-1,2,4-dithiazol-3-ylidene)-benzamide

The procedure of Protocol A above was followed usmg benzoyl chloride instead of
th10phene-2-carbony1 chloride, to yield ARE113 as a- yellomsh sohd

Mass spectrum: m/z (%): 266.0 (M+H, 100) Calculated for C11H11N30S; = 265.02

HPLC retention time: 3.29 min | |

The procedure of Protocol B ab_ove was fo]lowed; using AREl 13 instead of ARE111,
to yield ARE114 as a white solid. |

Mass spectrum: m/z (%): 263.8 (M, 61) Caloulated for Cy,HsNs0S, = 263.02

HPLC retention time: 2.53 min

Preparations

Preparation and Analysls of
ARE115 N-(Z-thloxo-lmldazohdme-l-carbothmyl)—4—tnﬂuoromethylbenzamlde and
ARE116 N-(5,6-dihydro-3H-imidazo[2,1-c]-1,2 4-d.1th1azol-3-yhdene)—4-
trlﬂuoromethylbenzamlde

Protocol A was followed using 4-(triftuoromethyl)benzoyl chloride instead of
thiophen-2-carbonyl chloride to yield ARE115 as a yellowish solid.

Mass spectrum: m/z (%) 173.0 (100), 3342 (M+H, 83) Calculated for

C12H;oF3N;08, = 333.01
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HPLC retention time: 3.69 min

Protocol B was followed using ARE115 instead of ARE111 to yield ARE116 as a

1

white solid.

Mass spectrum: m/z (%):332.0 (M+H, 100) Calculated for Ci2H12F3N;308; = 331.01
HPLC retention time: 3.28 min
Preparation 4
Preparation and Analysis of '
ARFE117 N-(2-thioxo-imidazolidine—1-carbothioyl)-4-tert—butylbenzamide and
ARE118 N-(5,6-dihydro-3H-imidazo[2,1-c]-1,2,4-dithiazol-3-ylidene)-4—ter_t-
butylbenzamide |
Protocol A was followed using 4-tert-butylbenzoyl chloride instead of thiophene-2-
carbonyl chloride to yield compound ARE117 as a yellowish solid.
Mass spectrum: ﬁ/z (%): 161.0 (100), 322.OI(M+H, 53) Calculated for C,5H;oN>08,
=321.45 -
HPLC retention time: 3.97 min
Protocol B was followed using ARE117 instead of ARE111 | to yield compound
ARE118 as a white solid.
Mass spectrum: m/z (%): 320.0 (M+H, 100) Calculated for CisHj7N308, = 319.45
HPLC retention time: 3.72 min
Preparation 5
Pfeparaﬁon and Analysis of
ARE119 N-(2-thioxo-imidazolidine-1—carbothioyl)—4-chlorobenzamide and
ARE120 N-(5,6-dihydro-3H—imidazo[2,1-c]-1,2,4-dithiazol-3—ylidene)-4~chlorobenzamide
Protocol A was followed using -4¥chlorobenzoy1 chloride instead of thiophene-2-

carbonyl chloride to yield compound ARE119 as a yellowish solid.
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Mass spectrum: m/z (%): 139.0 (100), 300.0 (M+H, 56) Calculated for C1yH;0CIN;0S;

=298.98

HPLC retention time: 3.52 min

Protocol B was followed using ARE119 instead of ARE111 to yield compound
ARE120 as a white solid. |

Mass spectrum: m/z (%): 139.0 (100), 298.0 (M+H, 72) Calculated for C;;HsCIN;0S;

=296.98

HPLC i‘etention time: 3.01 min

Preparation 6 | )

Preparation and Analysis of | |

ARE121 N-(2-thioxo-imidazolidine-1-carbothioyl)-4-methoxybenzamide and
ARE122 N-(5, 6-dihydro-3_H-_-1m1dazo[2,1-c]-1,2,4-d1th1azo_1-3-yhdene)-4-methoxybenzamide

Protocol A was followed using 4-methoxybenzoyl chloride instead of thiophene-2-
carbonyl chloride to yield compound ARE121 as a yellowish solid.

Mass spectrum: m/z (%):135.0 (100), 296.2 (M+H, 39) Cé.lculated for Ci2H13N30,S;

- 295.03 o -

HPLC retention t1me 3.37 min

Protocol B was fo]lowed using ARE121 mstead of ARE111 to yield compound
ARE122 as a white solid.

Mass spectrum: m/z (%): 294.0 (VL 100) Calculated for CiHN:0,S, = 293.03

HPLC retention time:. 2.89 min | |

| Preparation 7

Pfeparatioxi an;l Analys1s of

ARE123 N-(2-thioxo-imidazolidine-1-carbothioyl)-3-methoxybenzamide and
ARE124 N~(5,6-dihydro-3H-imidazo[2,1-c]-1,2,4-dithiazol-3-ylidene)-3-methoxybenzamide
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Protocol A was followed usirig 3-methoxybenzoyl chloride instead of thiophene-2-
carbonyl chloride to yield compound ARE123 as a yellowish solid. |

Mass spectrum: m/z (%): 135.2 (100), 296.2 (M+H, 53) Calculated for C;5H;3N30,S,

=295.03 | |

HPLC fetention time: 3.20 min

Protocol B was followed using ARE123 instead of ARE111 to yield ARE124 as a
white solid.

Mass spectrum: m/z (%): 294.0 (M+H, 100) Calcp,lated for C1H;1N30,8; = 293.03

HPLC retention time: 2.94 min |

Preparation 8

Preparation and Analysis of '

ARE125 N-(Z-thioxo-imidazo]idine—l-c_arbothioyl)-S-methylbenzanﬁde and :

ARE126 N-(5,6-dihydro-3H-imidazo[2,1-c]-1,2,4'-dithiazol-3-ylidene)-3-methylbenzamide
Protocol A was followed using 3-methylbenzoyl chloride instead of thiophene-2-

carbonyl chloride to yield compound ARE125 as a yellowish solid.

Mass spectrum: m/z (%): 119.4 (100), 280.0 (M+H, 47) Calculated for CpoH;sN50S,
=279.03

HPLC retention time: 3.59 min

Protocol B was followed using ARE125 instead of ARE111 to yield compound
AREI126 as a white solid.

Mass spectrum: m/z (%): 278.0 (M-+H, 100) Calculated for CyzH,;NsOS, = 277.03

HPLC retention time: 3.11 min

Preparation 9

Preparation and Analysis of
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ARE127 N-(2-thloxo-mdazo]ldme-1-carbothloyl)-4-ﬂnorobenzam1de and
ARE128 ARE128 N-(5, 6-dlhydro-3H-1m1dazo[2 1~c]-1,2 4-dltlnazol-3-ylldene)-4-ﬂuorobenzam1de

Protocol A was followed usmg 4-fluorobenzoyl chlon_de instead of thiophene-2-carbonyl
| chloride to ymld compound ARE127 as a yellowish sohd

Mass spectrum: m/z (%) 1232 (100) 284.2 (M+H, 75) Calculated for C11H10FN308S; =

283.01 ) | |

| Protocol B was followed using ARE127 instead of ARE111 to compound ARE128 as

a white solid. o |

Mass spectrum: m/z (%): 1232 (ll)O), 282.2 (M+H, §0) Calculated for C;1HsFN3;0S, =

281.01

HPLC retention timc: 2.68 mm

_ Preparai_i_oli 10

Preparatmn an Analysis of |
ARE129 N-(Z-thloxo-lmldazohdme-l-carbothmyl)-S—ﬂuorobenzanude and
ARE130 N-(5, 6-dihydro-3H—1m1dazo[2 1-c]-1, 2 4-d1th1azol-3-yhdene)-3-ﬂuorobenzamlde

Protocol A was followcd using 3-fluorobenzoyl chloride mstwd of th10phene—2-carbonyl
: chlonde to yield compound ARE129 as a yellowish solid.

Mass spectrum: m/z (%): 123.2 (100), 284.3 (M+H, 61) Calculated for C,1H0FN30S; =

283.01

HPLC retention time: 3.24 min

Protocol B was followed using ARE129 instead of AREL1 1 to yield compound
ARE130 as a white solid. |

Mass spectrum: m/z (%): 282.2 (1\4+H, 100) Calculated for C;,HgFN30S, =281.01

HPLC retention time: 2.97 min
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Preparation 11
Preparation and Analysis of |
ARE131 N-(2-thioxo-imidazolidine-1-carbothioyl)-2-fluorobenzamide and
ARE132 N-(5,6-dihydro-3H-imidazo[2,1-c}-1 »2,4-dithiazol-3-ylidene)-2-fluorobenzamide
Protocol A was followed usmg 2-fluorobenzoyl chloride instead of thiophene-2-
carbony] chloride to yield compound ARE131 as a yellowish solid. |
Mass spectrum: m/z (%): 123.2 (100), 284.0 (M, 67) Caloulated for Cy,HygFN,OS, =
283.01 |
HPLC retention time: 3.07 mJn
Protocol B was followed using ARE131 instead of ARE111 to yield compound
ARE132 as a white solid. |
Mass spectrum: m/z (%): 282.2 (M+H, 100) Calculated for C, 1HsFN308, = 281.01
HPLC retention time: 2.72 min
| Preparation 12
Preparation an Analysis of
ARE133 N-(2-thioxo-imidazolidine-1-carbothioyl)-2,4-difluorobenzamide and

ARE134 N-(5,6-dihydro-3H-imidazo[2,1-c]-1 »2,4-dithiazol-3-ylidene)-2,4-
difluorobenzamide

Protocol A was followed using 2,4-difluorobenzoyl chloride instead of thiophene-2-
carbonyl chloride to yield compound ARE133 as a yellow solid.

Mass spectrum: m/z (%): 141.0 (100), 302.2 M-+, 39} Calculated for Cy HyF;N;08, =

301.00

HPLC retention tiIhe: 3.23 min

Protocol B was followed using ARE133 instead of ARE111 to yiéld compound
ARE134 as a white solid.

Mass spectrum: m/z (%): 300.0 (MH+H, 100) Calculated for C;;H;F;N;0S, = 299.00
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Preparation 13

Preparatmn and Analysls of
ARE135 N-(2-th10xo-1m1dazohdme—1-carbothmyl)—naphthyl-z-carboxamlde and
ARE136 N-(5,6-dihydro-3H-imidazo[2,1-c]-1,2 4~d1th1azol-3-yhdene)—naphthyl-
carboxamide

Protocol A was followed using 2-naphthoyl chloride instead of thiophene-2-carbonyl
chloride to yiéld compound ARE135 as a yellowish solid.

Mass spectrum: m/z (%): 155.0(100), 316.0 (M+H, 56) Calculated for

C1sH13N;08, = 315.40

I—IPLC retention time: 3.88 min |

Protocol B was followed using ARE135 instead of ARE111 to yield compound
ARE136 asa whité solid.

Mass spectrum: m/z (%): 314.0 (MI+EL, 100) Calculatéd for CysH;N30S, = 313.40

¥ HPLC retention time: 3.41 min
Preparation 14

Preparation and Analysls of
ARE137 N-(2-thioxo-imidazolidine-1-carbothioyl)- naphﬂlyl-l-carboxamlde and
ARE138 N-(5,6-dihydro-3H-imidazo[2,1-c]-1,2,4-dithiazol-3-ylidene)- naphthyl-1-
carboxamide

Protocol A was followed using 1-naphthoyl chlonde mstead of thiophene-2-carbonyl
chloride to y1e1d compound ARE137 as a yellow sohd

Mass spectrum: m/z (%): 155.0 (100), 316.0 (M+H, 39) Calculated for

C15H]3N3082 = 315.40

HPLC retention time: 3.80 min
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Protocol B will be followed using ARE137 instead of ARE111 to yield ARE138 as a
white solid.

Mass spectrum: m/z (%): 314.0 (M+H, 160) Calculated for C;sH;3N;08S; = 313.05

HPLC retention time: 3.38 min

Preparation 15

Preparation and Analysis of :
ARE139 N-(2-thioxo-imidazolidine-1-carbothioyl)- benzothiophen-2-carboxamide an

ARE140 N-(5,6-dihydro-3H-imidazo[2,1-c]-1 12,4-dithiazol-3-ylidene)-benzothiophen-2-
- carboxamide _ _ :

Protocol A was followed using benzo[b]thiophene-2-carbonyl chloride instead of
thiophene-2-carbonyl chloride, to ﬁeld compound ARE139 as a yellowish solid.
Mass spectrum: m/z (%):160.8 (100), 321.8 M+, 51) Calculated for
© CusHyN;085 =320.99 | |
HPLC retention time: 3.92 min
Protocol B was followed using ARE139 instead of ARE111 to yield compound
ARE140 as a white solid.
Mass spectrum: m/z (%): 320.0 (M+H, 100) Calculated for Ci13HoN308, = 318.99
 HPLC retention time: 3.47 min |
 Preparation 16
Prepai'ation and Analysis of _
ARE143 N-(2-thioxo-imidazolidine-1-carbothioyl)-furan-2-carboxamide and

ARE144 N-(5,6-dihydro-3H-imidazo[2,l-c]-1,2,4-diﬂ1iazol—3-ylidene)-furan~2-
carboxamide

Protocol A was followed using 2-furoyl chloride instead of thiophene-2-carbonyl

chloride to yield compound ARE143 as a yellowish solid.

Mass spectrum: m/z (%): 256.0 (M+H, 100) Calculated for CoHoN30,S; =255.00
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HPLC retention time: 2.86 min

Protocol B was followed using ARE143 instead of ARE111 to yield compound
ARE144 as a white solid.

Mass spectrum: m/z (%): 254.2 (M, 100) Calculated for CsHoN;0,S; =253.00

HPLC retention time: 2.13 min

Preparation 17

Preparation and Analys1s of

ARE148 N-(5, 6-dlhydro-3H-1m1dazo[2 1-c]-1 2,4-d1th1azol—3-yhdene)—2,5- '
dimethylisoxazole-4-carboxamide :

Protocol A was followed using 2,_5-dimethy1isoxazo1&-4_—carbony1 chloride instead of
thiophene—z-carbonyl chloride to y_ield compound N-(2-thioxo-imidazolidine-1-carbothioyl)-
2,5-dimethylisoxazole-4-carboxamide as a yellowish solid.

Protocol B was then fo]lowed using the above compound instead of ARE111 to yield
compound ARE148 as a white solid. | _

Mass spectrum: m/z (%): 283.0 (M+H, 100) Caloulated for CigHigN0,S; =282.02

HPLC retention time: 2.53 min .

| | Preparation 18
Preparation and Analysis of
ARE149 N-(Z-thmxo-lmldazolxdme-l-carbothloyl)-lsoxazole-S-carboxamlde and
ARE150 N-(5,6-dihydro-3H-imidazo[2,1-c}-1,2, -dlthlazol-3-yhdene)-1soxazole-3-
carboxamide | o

Protocol A was followed using isoxazole-3-carbonyl chloride instead of thioﬁhene-Z-
carbonyl chloride to yield compound ARE149 as a yellowish solid.

Mass spectrum: m/z (%): 257.0 (M+H,_ 100) Calculated for CsHgN40,S; =255.99

HPLC retention time: 2.76 min
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Protocol B was followed using ARE149 instead of ARE111 to yield compound
ARE150 as a white solid.

Mass spectrum: m/z (%): 255.2 (M+H, 100) Calculated for CsHgN,0,S, = 253.99

HPLC retention time: 2.09 min

Preparation 19

Preparation and Analysis of .
ARE151 N-(2-thioxe-imidazolidine-1-carbothioyl)-2-(4-chlorophenyl)-3-
(trifluoromethyl)pyrazole-4-carboxamide and :
ARE152 N-(5,6-dﬂ1ydro-3H-imidazo[2,1-c]-1,2,4-dithiazol-3-ylidene)- 2-(4-chlorophenyl)-
3-(triftnoromethyl)pyrazole-4-carboxamide

Protocol A was followed using 2-(4-chlorophenyl)-3-(trifluoromethylypyrazole-4-
catbonyl chloride instead of thiophene-Z—carbdnyI chloride to yield compound ARE151 asa
yellowish solid. | |

Mass spectrum: m/z (%): 273.0 (100), 434.0 (M+H, 76) Calculated for

CisHi1CIF;N,O;S, = 432.99 -

HPLC retention time: 4.25 min

Protocol B was followed using ARE151 instead .of AREI111 to yieid compound
ARE152asa white solid.

Mass spectrum: m/z (%): 431.8 (M+H, 100) Calculated for

ClHL,CENOS, =4318

HPLC retention time: 3.77 min

Preparation 20

Preparation and Analysis of |

ARE1S3 N—(Z-thioxo-imidazolidine-l-carbothioyl)-z-(4-chlorophenyl)-3—
(trifluoromethyl)pyrazole-4-carboxamide
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) Protocol A was followed using Z-méthyl-5-phenyﬁSoxazolé—4—carbonyl chloride instead
of thiophene-2-carbonyl chloride to yield compound ARE153 as a yellowish solid.

Mass spectrum: m/z (%): 344.8 (100), (M-+H, 100) Calculated for

CisH1aN4O2S, =344.42

HPLC retention time: 4.57 min

| Pr_eparaﬁon 21
Preparation and Analysns of
ARE154 N-(2-thloxo-im1dazohdme-1-carbothmyl)—pyndme-z-methylthm-S-carboxamlde
| Pr;)tocol A was followed using pyridine2-methylthio-3-carbonyl chloride instead of -

thiophene—Z—cérbdnyl chloﬁde to yield mﬁpomd AREI 54 as a yellowish solid.

Mass spectrum: m/z (%): 152.2 (100), 3.13.2 (M+H,..100.) Calculated for_ CiH1N,OS; =

312.02

HPLC retention time: 3.31 min

_ Preparation 22

Preparation and Analysis of
ARE1S5 N—(Z-thloxo-lmldazohdme-l-carbothmyl)—pyndme—3-carboxam1de and
ARE156 N-(5,6-dihydro-3H-imidazo[2,1-c]-1 2,4-d1th1azol-3-yhdene)—pyndme-3-
carboxamide

Protocol A was followed using pyridine-3—carb§nyl éhloﬁde_ instead of fhi_ophene—Z-
carbonyl chloride to yield compound ARE155 as a yeﬂoﬁsﬁ s_olid.

Mass spectrum: m/z (%): 165.0.(100), 267.0 (M+H, 50)

Calculated for C;0H;0N40S2 =266.03
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HPLC retention timé: 3:29 min.

Protocol B was followed using ARE155 mstead of ARE111 to yield compound ARE156
as a white solid.

Mass spectrum: m/z (%): 265.0 (M+H, 100)

Caloulated for C1gHgN,0S, = 264,01

HPLC retention time: 1.87min

Different embodiments of the invention will consist of different constitutively active
receptors, expression systems, different assays, and different compounds. Those skilled in the
art will understand which receptors to use with which expression systems and assay methods.
All are considered within the scope of the teaching of this invention. In addition, those skilled in
_ the art will recognize that vatious modifications, additions, substitutions, and variations to the
illustrative examples set forth herein can be made without departing from the spirit of the
invention and are, therefore, considered within the scope of the invention. Indeed, with the
assay systems disclosed above, as well as the mhﬁomﬁp between the receptor GPR6 and
feeding behavior, one of ordinary skill in the art is readily credited with the ability to directly
identify small molecule inverse agonists, agonists and partial agonists to the receptor — for
example, we note that the phrase “small molecule GPR6 inverse agonist” is not limited by the
specific compounds disclosed herein.

All patent documents, applications, and printed publications cited throughout this patent
document, including provisional applications and regular patent applications, unless otherwise
indicated, are incorporated herein in their entirety by reference. Modifications and extension of
the disclosed inventions that are within the purview of the skilled arfisan are encompassed

within the above disclosure and the claims that follow.
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2. A method for modulating by inverse agonism the G protein-coupled receptor, GPR6,
comprising the step of contacting GPR6 with 2 small molecule GPRS inverse agonist.

3. The small molecule, GPR6 inverse agonist of claim 1 structural_ly represented as follows:

RR O § S
/
: Rs Re——T R .
Ré Rs Ro Ry
R4

wherein R, Rz,' R, R%, and R® are each independently selected from the following:
H,  F, Cl, Br, I, R% CFs;, CFR"? CFCF,, '0013, 'CCLRY, CCLCCLR?, NR"RY,
NRCORY, NR'“SO,R", oklé, OCFs, OCFR'; OCF,CF,R, OCORY, OSORY -.
OPO(OR'),, SR'?, SCF;, SCF:R?, SCF,CF,R", SCOR', SOsR"%, SO,NRPR™, PO(OR"),,
PO(ORIZ);R‘Z, NO,, CN, CNRI(NR“R'™), CNR*(SR™), COOR", COSR'?, CONRRY,
and
wherein any two adjacent positions of RY, R% R, R*, and R® can be joined by a chain
seleoted from CHCHCHCH, CH,CH;CH,CH,, CHCHCH,, CH;CH,CH,, CH,CH,,

SCH,S, SCH,CH,S, OCH;0, and OCH,CH;0 to form a bi-cyclic structure;

R® and R” are each independently selected from H, C,.¢ straight chain alkyl, branched alkyl, -

Cs.s cycloalkyl, Cs.9 alkylcycloalkyl or cycloalkylalkyl, C,.g alkenyl, aryl and alkylaryl;
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R’, B, RY, and R™ are each independently selected from H, Cyg straight chain aikyl,
branched alkyl, Cs.g cycloalkyl, Cy.p alkylcycloalkyl or cycloalkylalkyl, C, ¢ alkenyl, aryl and
alkylaryl;

R is selected from H, Cy¢ straight chain alkyl, branched alkyl, Csg cycloalkyl, Cso

alkyleycloalkyl or cycloalkylalkyl, Cy. alkenyl, aryl, alkylaryl, (CH);NR;3R14, (CH,)rSOSEL
- and (CH)mCO-H wherein n is 2 through 6 and m is 1 through 6;

'R"® and R"™ are each independently selected from H, Cy.g straight chain alkyl, branched alkyl,
Cos alkenyl, cycloalkyl, alkylcycloalkyl, cycloallcyia]kyl aryl, and CHparyl, wherein each
said aryl group or said aryl portion of said CHzaryl group may be optionally substituted by up
to four substltuents in any position on sa1d aryl, each said posmon independently selected -
from:
F, Cl, Br, I, CF;, CCl, CHs, C,Hs, C;H,, C,Ho, NHz, NHCH3, N(CHs),;, NHC,Hs,
N(Csz)z, NfIC3H7, N(CgHi)z, NHC4H,, N(C4Hg)2, NHCOH, NHCOCH;,
NHCOC,Hs, NHCOC;H;, NHCOC,H,, NHSO;CHg, NHSO,C,Hs, NHSO,C:Hj,
NHS02C4H9, OH, OCHs, Ocsz, 003H7, OC41;, OC4Hy, OCsHy, OCsH;;, OCeHy;,
OCeHis, 0CF3, OCOCH;, OCOC;Hs, OCOC;H;, OCOC,Hs, OS0.CH;, 080,C,Hs,
080,C;Hy, 0SO,C;Hy, SH, SCH;, SC,Hs, SC3H7, SCqHy, SC4Hy, SCsHs, SCsHyy,
SCeHi, SCeHys,, SCF;, SCOCH;, SCOCsz, SCOC;H;, SCOC,Hy, SO;CH,,
SOngHs, SO3C3Hy, SOsC4Hy, SO,NH,, SO;NHCH;, SO2N(CH3);, SO,NHC,H;,
SO:N(CsHs)2, SO,NHC3H;, SON(C:Hy),, SO.NHC4H,, SO,N(C4Hs);, NO,, CN

]

COOCH3, COOCHs, COOC3H;, COOCH;, COSCH;, COSC,Hs, COSC:Hj,
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COSC4Hy, CONHz, CONHCH;, CON(CH;);, CONHC;Hs, CON(C,Hs),, CONHC;H;,

'CON(CsHy);, CONHC4Hy, CON(C4Hy),; and

wherein when R and/or R contain an aryl ring, said aryl ring being

substituted at two adjacent positions on said aryl ring, then said two adjacent

positions can be joined by a chain selected from CHCHCHCH,

CH,CH,CH,CH,, CHCHCH,, CH;CH,CH,, CH,CH,, SCHS, SCH,CHS,

OCH,0, and OCH,CH,0 to form a bi-cyclic structure; or

R and R™ may form part of a 5, 6 or 7 membered cyclic structure which may

be either saturated or unsaturated and that may contain up to four heteroatoms

selected from O, N and S and said cjc]ic structure may be optionally -

substituted by up to four substituents in any position independently selected

from:

F, C1, Br, L, CF;, CCh, CHs, CHs, CsEy, C4Hy, NH;, NHCH; N(CHs),,
NHCHs, N(CHs, NHCiH, NCH), NHCHE, NCiHb,
NHCOH,_ NHCOCH;, _NHCOCQHSQ NEHCOC:H;, NHCOC:H,
NHSO,CH;, NHSO,CH;, NHsozc5H7, NHSO,CiHy, OH, OCH;,
OC,Hs, OC3H;, OC,H;, OC4Hy, OCsHy, QC5H1-1, OC¢Hi11, OCgHys,
OCFs, OCOCH;, OCOC;Hs, OCOCsH:, OCOCiH;, OSO;CH,
OSO;CJié, 0SO,CsHy, 0SO;Cef, SH, SCH,, SC;Hs, SCsHy, SC4H,
SCyHy, SCsHs, SCsHyr, SCefy, SCeHizs,, SCF, SCOCH;, SCOCHHS,
SCOC/E;, SCOCiH, SOxCHs SO:CH;, SOsCsHls, SO:CH,
SONH;, SO;NHCH;, SON(CEH:), SONHCHs SON(C:Hs,
SO,NHC:H;, SO;N(CsHy), SO;NHC,Hy, SO;N(CiHs)s, NO,, CN,
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COOCH;, COOC,H;s, COOC;H;, COOC4H,, COSCHs;, C‘OSCp,Hs,
COSC;H;, COSC4Hy, CONH;, CONHCH3, CON(CHj3),, CONHC,Hs,
- CON(C;Hs),; CONHC;3H;, CON(CsHy),, CONHCHy, CON(C4Ho)y;

or
wherein when R* and R™ form an aryl ring substituted at two adjacent
po.sitions'on said aryl ring, then said two adjacent positions can be joined by a
chain selected from CHCEHCHCH, CH,CH,CH;CH, CHCHCH,,
CH2CH2CH2, CH,CH,, SCH,S, SCH,CH,S, OCH,0, or OCH,CH,O0 to form a

bi-cyclic structure; and

R* is selected from H, Crs straight chain alkyl, branched alkyl, Css cycloalkyl, Cyo
alkylcycloalkyl or cycloa]kyla]kyl, and C,. g alkenyl.

4. The method of claim 2 wherem the small molecule, GPR6 inverse agonist is
structurally represented as follows:

Ry O S §

‘Ra N/U\NJLN’R7 3
/
R Rsﬁ—(—Rw
Rs Re Ry R

R4

wherein R, R% R®, R, and R® are each independently selected from the following:

H, F, Cl, Br, I, R% CF;, CFR“ CFCF, CCl, CCLR“ CCLCCLRZ NRRM,
NR‘SCOR“, NRSOR”, ORY, OCF;, OCFR”, OCF,CFR“ OCORY, OSORY,
OPO(OR™),, SR', SCF;, SCF,R"%, SCF,CF,R'2, SCOR™, SO,R'?, SO;NRPR™, PO(OR'?),,
PO(OR),R", NO,, CN, CNR¥(NR"R™), CNR'(SR'?), COOR, COSR™, CONRPR™

and
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‘ . wherein any two adjacent positions of RY, R%, R®, R?, and R® can be joined by a chain
. selected from CHCHCHCH, CH;CH,CH;CH,, CHCHCH;, CH,CH;CH,, CH,CH,,

SCH2S, SCH,CH.S, ,OCH;O, and OCH,CH,O to form a bi-cyclic structure;

_ R® and R’ are each independently selected from H, Ci. straight chain alkyl, branched alkyl,

Cs.s cycloalkyl, C4 alkylcycloalkyl or cycloalkylalkyl, C,. allc_enyl, aryl and alkylaryl;

R®, R’ R and RM are each mdependenﬂy selected from H, Cis stralght chain alkyl,

branched alkyl, Cs.g cycloalkyl Ca9 alkylcycloalkyl or cycloa]kyla]kyl Cz salkenyl, aryl andr
alkylaryl;

R? s selected from H, Ci.s stralght chain alkyl branched a]kyl Cs 8 cycloa]kyl, Css

a]kylcycloalkyl or cycloalkyla]kyl Cz.s alkenyl, aryl a]kylaryl (CHz),,NRl sR14, (CH2)mSOsH,
and (CH)CO,H whereinn is 2 through 6andmis 1 through 6,

R" and R" are each independently selected from H, Ci. straight chain alky, branched alkyl,
C,.g alkenyl, cycloalkyl, a]kyleycloalkyl, cycloalkylalkyl, aryl, and CHjaryl, wherein each
said aryl group or said aryl portion of said CHaryl group may be optionally substituted by up

to four substituents in any position on said aryl, each said position independently selected

from:
F: Cla Br’ I: .CF39 CC13, CH3’ 'CZIIS, C3H7’ _C4H99 NHZ, NHCH3, N(CH3)29 NHCZHS’

N(CZHS)L NHC3H7’ . N(C3H7)2, NHC4H9: N(C4H9)2’ NHCOH: NHCO CH3:

NHCOC,Hs, NHCOC;H;, NHCOC,Hy, 'NHSO,CH;, NHSO,C;Hs, NHSO,C;Hj,

NHSOZC4H9’ OH’ OCH3= OCZHS: OC3H7’ OC4H73 OC4H99 OCSH9: OCSth OCGHII:

SUBSTITUTE SHEET (RULE 26)




! .
wo ovezres MWW revosovndses
L * [ M s *

108

OCgH,y3, OCF3, OCOCH;3, OCOC;Hs, OCOC3H;, OCOC4H,, OSO,CH,, 0S0,C,Hs,
OS0,C;Hy, OSO,C.Hy, SH, SCH;, SC;Hs, SC3Hy, SC4H;, SC4Hy, SCsH, SCsHj,
SCeHn, SCeHis,, SCF3, SCOCHs;, SCOC;Hs, SCOC:;H;, SCOCHo, SO,CH3,
SO;C;Hs, SO3CsHy, SO;C4Hy, SO,NH,, SO,NHCH; SO,N(CHa),, SO,NHC,Hs,
SO;N(CzHs),, SO,NHC3H;, SO,N(C3H7);, SONHC,H, SO;N(C4Hg);, NO,, CN,
COOCH;, COOC,Hs, COOCsH;; COOC,H;, COSCHs, COSC,Hs, COSC:Hj,
COSC4Hy, CONH,, CONHCH3, CON(CHs),, CONHC,H;s, CON(C,Hs),, CONHC:H,,
CON(C;Hy7),, CONHC,Hy, CON(C4Hy);, and
wherein when R™ and/or R" contain an aryl ring, said aryl ring being
substituted at two adjacent positions on said aryl ring, then said two adjacent
positions can be joined by a chain selected from CHCHCHCH,
CH,CH;CH,CH,, CHCHCH,, CH,CH,CH,, CH,CH,, SCH,S, SCH,CH,S,
OCH;0, and OCH,;CH,0 to form a bi-cyclic structure; or
R" and R may form part of a 5, 6 or 7 membered cyclic structure which may
be either saturated or unsaturated and that may contain up to four heteroatoms
selected from O, N and S and said cyclic structure may be optionally
substituted by up to four substituents in any position independently selected
from:
F, Cl, By, I, CFs, CCl3, CH3, C;Hs, C3Hy, C4Ho, NH,, NHCH; N(CHs),,
NHC:Hs, N(C;Hs);, NHC:H;, N(C:Hj),, NHC,H,, N(CsHy),,
NHCOH, NHCOCHs, NHCOC,Hs, NHCOC;H; NHCOC,H,,
NHSO,CHs, NHSO,C;Hs, NHSO,C:H;, NHSO,C,H,, OH, OCH;,

OC,Hs, OCsH;, OCH;, OC.Hj, OCsHy, OCsH11, OCgHyy, OCsH,s,
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- OCF;, OCOCH3, OCOC;Hs, OCOC:H;, OCOCsHy, OSO,CHj,
0S0,C,Hs, 0S0,C3H;, 0SO.C4Hy, SH, SCHsl, SC,Hs, SC;Hy, SCHy,
SC4Hs, SCsHp, SCsHy, SCeHi1, SCeHrs,, SCFs, SCOCHs, SCOC/H;,

- SCOCsH7, SCOCH,;, SO3CHjs;, SO;CHs, SO3C3H;, SO3CsHy,
SO;NEj, SONHCH; SO;N(CH, SONHCH; SON(CHsh

- SO,NHC3H;, SON(C3Hy7)z, SO.NHC4Hy, SO;N(C4Hy)z, NO;, CN,
COOCHs;, COOCgHg, -CO0C;H;, COOC4Hy, COSCH;, COSC,Hs,
COSC3H;, COSC4Hy, CONH,, CONHCH;, CON(CH3),, CONHC,Hs,
CON(C:Hs),, CONHC3H7, CON(C;H7);, CONHC,H;, CON(C4Hp);
or -

v;rherein when R and R form an aryl ring substituted at two adjacent
.posifions on said aryl ring, then said.' two adjacent positions can be joined by a
chain. selected from CHCHCHCH, - CH,CH,CH,CH, CHCHCH,,
CH,CH,CH,, CH,CH,, SCH;,S, SCH,CH,S, OCH;0, or OCH,CH,O to form a

bi-cyclic structure; and

R'S is selected from H, Cp.g straight chain alkyl, branched alkyl, Css cycloalkyl, Cs.o
alkylcycloalkyl or cycloalkylalkyl, and C,.3 alkenyl.

5.  The small molecule, GPR6 inverse agonist of claim 1 structurally represented as

follows:

R1 S—S .

O
re LA L
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wherein R, _Rz,. R, R, anci RS are each independently selecféd from the following:
H, F, Cl, Br, I, R% CF; CFRY? CF,CF, CClL, C012R1'2, CCLCCLR', NR!R™
NR’COR”, NR"SO,R?, OR', OCF;, OCFRY OCF,CF:R", OCOR?2, 0SO,R“,
OPO(OR"),, SR, SCFs, SCF,R", SCF,CF,R?, SCOR™, SO;R™, SO.NR"R", PO(OR?),,
PO(OR'*),R", NO,, CN, CNRP(NR"*R™), CNRIS(SR1?), COOR", COSR'?, CONRP*RY,
and
wherein any two adjacent posiﬁons of R}, R R"', R‘, and R® can be joined by a chain
selected from CHCHCHCH, CH,CH,CH,CH,, CHCHCH,, CH;CH,CH,, CH,CH,,

SCH,S, SCH,CH,S, OCH;0, or OCH,CH,O0 to form a bi-cyclic structure;

R’, R, R, and R™ are each independently selected from H, Ci. straight chain alkyl,
branched alkyl, Cs.5 cycloalkyl, Cqo alk_ylcycloa]kyl or cycloalkylalkyl, C,.g alkenyl, aryl and
alkylaryl;

R" is selected from H, C,s straight chain alkyl, branched alkyl, Csg cycloalkyl, Cy
alkylcycloalkyl or cycloalkylalkyl, C,. alkenyl, aryl, alkylaryl, (CH2),NR3R14, (CH,).SOsH,
and (CH2)CO,H wherein n is 2 through 6 and m is 1 through 6;

R" and R are each independently selected from H, Cyg straight chain alkyl, branched alkyl,
Czgalkenyl, cycloalkyl, alkylcycloalkyl, cycloalkylalkyl, aryl and CHyaryl, wherein each said
aryl group or said aryl portion of said CHyaryl group may be optionally substituted by up to

four substituents in any position independently selected from:

* € L M -'S : % -
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F, Cl, Br, I, CFs, CCls, CHs, C;Hs, CsHy, CaHs; NHy, NHCH;, N(CHs),, NHCH;,
N(CHs)z, NHCsH% N(C:Hz), NHthHs,. N(Cﬂé)é, NHCOH, NHCOCH;,
NHCOC;Hs, NHCOCsH;, NHCOC,H;, NHSO,CH, NHs'ochH;, NHSO,C3Hy,
NESO,C4Hs, OH, OCH3, OC,Hs, OCsHy, OC4Hy, OCiHs, OCsH;, OCsHy, OCeH,

OCgH3, OCFs, OCOCHg, OCOCsz, OCOC;H,, OCOC4Hg, OSOZCH3, OSozCsz,

| 0S0,C;H;, OSO,C4Hs, SH, SCHg, SC2H5, SC3H7, SC4Hy, SC4H9, SCsHo, SCsHi,

SC¢Hi1, SCgHis,, SCF3, SCOCHs, SCOCsz, SCOC3H;, SCOCsHy, SO;CHj,
SOsCyHs, SOsCiHy, SOsCiHs, SO;NH;, SO;NHCH; SO;N(CHs), SO;NHC,Hs,
SO,N(CzHs)z, SO,NHC3Hy, SO?N(C3H7)2, SOZNHC4H9, SO,N(C4Ho)z, NO;, CN,
COOCHs3, COOCgHs, COO0C3H;, COOC4Hy, COSCH;, COS(.}'2H5,' COSCsHy,
COSC;Hy, CONH;, CONHCH3, CON(CHj3),, CONHC,Hs, CON(C;Hjs);, CONHC;Hj,
CON(CsHy),, CONHC,Hj, CON(CsH)y, and - |
" wherein when R* and/or R™ contain an aryl ring substituted at two adjacent
positions on said aryl ring, then said two adjacent positions can be joinéd bya
chain selected from CHCHCHCH, CH,CH,CH,CH, CHCHCH,,
CH2CH2CH2, CH2CH2 SCst SCHzCHzS OCH,0, or OCH,CH,O to form a

bi~cyclic structure; or

R® and R* may form part of a 5, 6 or 7 membered saturated cyclic structure
- or 5,6 or 7 membered unsaturated cyclic struétu:fe, each such structure
optionally containing up to four heteroatoms selected from O, N and S and
wherein each said cyclic structure may be opﬁoﬁallly. substituted by up to four

substituents in any position, each position independently selected from:

1% . €. L [ s Te
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F, Cl, Br, 1, CFs, CCl3, CH;, C;Hs, CsHy, C4Ho, NH;, NHCH;3 N(CHj3),,
NHCHs, N(CHs);, NHC3;H;, N(CsHy);, NHC.H,, N(CsHy)s,
NHCOH, NHCOCH;, NHCOC,Hs;, NHCOC;H,, NHCOC,H,,
NHSO,CHs, NHSO,C;H;s, NHSO,C;H;, NHSO,C,H,, OH, OCH;,
OC:Hs, OCsH;, OC4H;, OC4Hs, OCsHy, OCsHy;, OCeH;, OCgH;3,
OCF;, OCOCH;, OCOC,Hs;, OCOC;H;, OCOCHs, 0OSO0,CHj,
OS0,C;Hs, OSO.Cstl7, 0S0,C4Hy, SH, SCH;, SC;Hs, SC;Hy, SCiH;,
SC4Hy, SCsHy, SCsHy1, SCeHi1, SCeHia,, SCF3, SCOCHS, SCOC;Hs,
SCOCsH;, SCOCHs, SOsCHs, SO;C:Hs, SO;CsH;, SO;C,4Hy,
SO,NH;, SO;NHCH;, SO;N(CH;),, SO,NHC;H, SON(CHs),,
SO:NHC3Hy, SON(CsHy), SO;NHC.Hy, SO,N(C4Hs),, NO;, CN,
COOCH3;, COOC,Hs, COOC$H7, COOC4Hy, COSCH;, COSC,Hs,
COSC3H;, COSC,Hy, CONH,, CONHCH;, CON(CH3),, CONHC,Hs,
CON(C;Hs);, CONHC;H;, CON(C;Hy);, CONHCsHy, CON(C4Ho)s,
and
wherein when R*® and R™ form an aryl ring substituted at two adjacent
positions on said aryl ring, then said two adjacent positions can be joined by a
chain selected from CHCHCHCH, CH,CH,CH,CH,, CHCHCH,,
CH,CH,CH,, CH,CH,, SCH,S, SCH,CH,S, OCH,0, or OCH,CH,0 to form a

bi-cyclic structure; and

R' is selected from H, Cy. straight chain alkyl, branched alkyl, Cs¢ cycloalkyl, Cy
alkyleycloalkyl or cycloalkylalkyl, andC,.¢ alkenyl.

- Bl M n PR |
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6. The method of claim 2 wherein the GPR6 inverse agonist is structurally represented
as follows: '

Rk O S§—§-

Ry _)\)\

N\N

Rg R1 1

wherein R, R?, R®, R%, and R are each independently selected from the following;

H, F, Cl Br, I, R, CF;, CF;R”, CF,CF,, CCl, CCLR”, CCLCCLRY, NR“RY,

~ NRPCOR", NR'SO,R™, OR'“, OCF;, OCKFR', OCF,CFR', OCOR?, OSORY

OPO(OR"),, SR', SCFs, SCF:R"?, SCF,CF;R %, SCOR™?, SO;R"%, SO,NRR ', PO(OR'?),,
PO(OR'?;,R™, NO,, CN, CNR¥(NR"R™), CNR'*(SR'?), COOR", COSR", CONR"R",
and
‘wherein any two adjacent positions of R!, Rz_, R, RY, and R® can be joined by a chain
selected from C'HCHCHCH, CH,CH,CH,CH,, CHCHCH,, CH,CH,CH,, CH,CH,

SCH,S, SCH;CH,S, OCH;0, or OCH,CH,0 to form a bi-cyclic structure;

R%, R’, R, and R" are each independently selected from H, Cyg straight chain alkyl,

‘branched alkyl, Cs.g cycloalkyl, Cs alkylcycloalkyl or cycloalkylalkyl, C;.s alkenyl, aryl and

alkylaryl;

|
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R™ is selected from H, Cig straight chain alkyl, branchéd alkyl, Csg cycloalkyl, Cyy
alkyleycloalkyl or cycloalkylalkyl, C; s alkenyl, aryl, alkylaryl, (CHz),NR13R14, (CH;)mSOSH,
and (CH2)mCOoH wherein n is 2 through 6 and mis 1 through 6;

- R®and R" are each independently selected from H, Cy.g straight chain alkyl, branched alkyl,
Ca-galkenyl, cycloalkyl, alkylcycloalkyl, cycloalkylalkyl, aryl and CHaaryl, wherein each said
aryl group or said aryl portion of said CHaaryl group may be optionally substituted by up to _
four substituents in any position independently selected from:
F, Cl, Br, I, CFs, CCls, CHs, C;Hs, C3Hy, C;Hy, NH,, NHCH;, N(CHy),, NHC,Hs,
N(CHs), NHCH;, N(CHy), NHCHs;, N(CsHs);, NHCOH, NHCOCH;,
NHCOC,Hs, NHCOCsH;, NHCOCH,, NHSO,CH;, NHSO,C;Hs, NHSO,C:H,
NHSO,C4Hy, OH, OCH;, OC,Hs, OC3H;, OC,H;, OCHs, OCsHy, OCsHy;, OCsHy,
OCgH,3, OCF3, OCOCH;, OCOC,Hs, OCOC;H;, OCOC4H;, OSO,CH;, 0S0,C,Hs,
OS0:C3Hy, OS0,C/Hy, SH, SCH3, SC,Hs, SCsHy, SC4H;, SC.Ho, SCsH,, SCsHij,
SCeH11, SCsHis,, SCFs;, SCOCH;, SCOC,Hs, SCOC:H;, SCOC,Hy, SO;CHa,
SO;CaHs, SO3C3H, SO3C4Hs, SO,NH,, SO,NHCH;, SO,N(CHs),, SO,NHC,Hs,
SO;N(CzHs)z, SONHC;Hy, SO,N(CaHy)z, SO;NHCHy, SO;N(C4Hs),, NO;, CN,
COOCHs, COOC.Hs, COOC;H;, COOC4H,, COSCHs, COSC,Hs, COSC;:H;,
COSC4Hy, CONH,, CONHCH3, CON(CHj);, CONHC,Hs, CON(C,Hs),, CONHC:H5,
CON(C;3Hy);, CONHC,4H;, CON(C4Hp),, and
wherein when R™ and/or R™ contain an aryi ring substituted at two adjacent
positions on said aryl ring, then said two adjacent positions can be joined by a

chain selected from CHCHCHCH, CH;CH;CH,CH,, CHCHCH,,

e

SUBSTITUTE SHEET (RULE 26)




WO 01/62765

PCT/US00/04945

115

: -CHzCHzCHz, CHQCHz, SCHzS, SCHzCHzS; OCHzO,"Ol" OCHchzo td form a

bi-cyclic structure; or

R" and R may form part of a 5, 6 or 7 membered saturated cyclic structure
or 5,6 or 7 membered unsaturated cyclic structure, each such structure

4 .
optionally containing up to four heteroatoms selected from O, N and S and

* whetein each said cyclic structure may be optionally substituted by up to four

substituents in any position, each position independently selected from:
F, Cl, Br, I, CFs, CCls, CHs, C;Hs, CsHy, C4Hy, NH,, NHCH; N(CHa),,
NHCHs, N(CHs), NHCsH; N(CiHj), NHCHs, N(CiHs),
NHCOH, NHCOCH;, NHCOC;Hs, NHCOC:H;, NHCOC,Hj,
NHSO,CH,;, NHSO;C;Hs, NHSO,C3H;, NHSO,C,H,, OH, OCHs,
OC;Hs, OC3H;, OC4H;, OC4Hy, OCsH,, OCsHi1, OCgHyy, OCeHis,
- OCF;, OCOCH;, OCOC;Hs, OCOC;H;, OCOCH,, OSO,CH;,
0S0,C;Hs, 0SO,C3H;, 0SO,C4Hy, SH, SCH;, SC;Hs, SCsHy, SC4Hy,
SC4Hs, SCsHs, SCsH11, SCeH11, SCeHis,, SCF3, SCOCH;, SCOC,Hs,
SCOC:H;, SCOCHs, SO;CHs, SOsCHs, SOsCiHy, SOsC.Hs,
- SO;NH,, SONHCH;, SO,N(CHs);, SO,NHCHs, SO,N(CHs),,
SO,NHC:Hy, SON(CsHy),, SO;NHCHs, SO;N(CiHs)z, NOz, CN,
COOCH;, COOC;Hs, COOC3H;, COOCHs, COSCH3, COSC,Hs,
COSC;3H;, COSC,Hy, CONH,, CONHCH,, CON(CH;);, CONHC,Hs,

CON(C;Hs),, CONHC:H;, CON(C3Hy7),, CONHC4H;, CON(C,Hp),,

T
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wherein when R® and R form an aryl ring substituted at two adjacent
positions on said aryl ring, then said two adjacent positions can be joined by a
chain selected from CHCHCHCH, CH,CH,CH,CH, CHCHCH,,
CHyCH,CH;, CH,CH,,SCH,S, SCH,CH,S, OCH0, or OCH,CH,O to form a

bi-cyclic structure; and

R' is selected from H, Cyg straight chain alkyl, branched alkyl, Cs cycloalkyl, Csy
alkyleycloalkyl or cycloalkylalkyl, andCs.g alkenyl;

7. The small molecule, GPR6 inverse agonist of claim 1 structurally represented as follows:

0O § S
-I,V\ '/NJLNJI\N,R7
X.y#Z R Ra_>’+R1o
Rs Ry
wher_ein at least one of V, W, X, Y and Z is selected from N and each of YV, W, X, Y, and Z
that is/are not N are independently selected from CR', CR?, CR®, CR?, and CR®, with the

proviso that at least two of V, W, X, Y and Z are o_ther than N;

Rl, R%, R, RY, and RS are each indépendently selected from the following:
H, F, CL Br, I, Rli, CFs, CF,R, CF,CF,, CCl, ccm”, CCLCCLR", NR“RY, |
NR‘5C0R12, NR15862R12, OR", OCR, OCFR”, OCF,CF:R”, OCORY?, OSORZ
OPO(OR'2),, SR?, SCF,, SCFZR”, SCF,CF;R"%, SCOR', SO,R™, SO,NR’R™, PO(OR?),,
PO(OR",R'?, NO,, CN, CNli‘ls("NR”R“, CNR'*(SR'®), COOR", COSR'2, CONRI*RY,

and

e
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‘wherein any two adjacent positions of R', R’ R’, R*, and R® can be joined by a chain
selected from CHCHCHCH, 'CHzCHzCHzCHz, CHCHCHz, CHzCHzCHz, CHzCHz,

SCH,S, SCH,CH,S, OCH,0, and OCHZCHZO to form a bi-cyclic structure;

RS, R’, RY, and R" are each independently selected from H, Cj. straight chain alkyl,
branched alkyl, Cs.g cycloalkyl, Csg alkylcycloalkyl or cycloalkylalkyl, C,.5 alkenyl, aryl and
alkylaryl;

R™ is selected from H, Cjg straight chain alkyl, branched alkyl, Css cycloalkyl, Cso

alkylcycloalkyl or cycloalkylalkyl, C,.g alkenyl, aryl, alkylaryl, (CH2)uNR13R14, (CH2)mSO3H,
and (CHz)mCO,H, wherein n is 2 through 6 and m is 1 throﬁgh- 6;

R and R™ are each independently selected from H, Cy.g straight chain alkyl, branched alkyl,
C,.¢ alkenyl, cycloalkyl, alkylcycloalkyl, cycloalkylalkyl, aryl and CHyaryl, wherein each said
aryl group or said aryl portion of said CHzaryl group may; b'e. optiohally substituted by up to
four substituents in any position indépendently selected from.:. |
" F, Cl, Br, I, CFs, CCl, CHs, C;Hs, CsHy, CsHy, NH;, NHCH; N(CHz);, NHC,Hs, -
N(Cszjz, NHC:H;, N(C:Hy),, NHC/Hy, N(C4H9)z, - NHCOH, NHCOCH;,
NHCOC;Hs, NHCOC;H;, NHCOCiH;, NHSO;CHj, NHSO,CsHs, NHSO,Cil,
NHSO;C;Hj, OH, OCH;, OC3Hs, OCH, OC4Hy, QC4H9; OCsHs, oCSHu, OCeH,
OC4Hys, OCF3, oco'cﬁa, OCOC,Hs, OCOC:H, OCOC,Hs, osoch;, 0S0,C;Hs,
0SO0,C:H, 0S0,Ces, SH, SCHs, SC,Hs, SC3Hy, SCyH;, SC4Hy, SCsH;, SCsHu,

SC¢Hy;, SCeHys, SCPF;, SCOCH; SCOC.Hs, SCOCsH; SCOC:Hs, SO:CHs,
| R O AR+
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SOsC,Hs, SO;CsHly, SO;CHy, SO,NHz, SO,NHCH;, SO,N(CH;),, SO,NHC,Hs,

SO:N(CoHs)z, SO, NHC;Hy, SO,N(CsHy),, SO,NHC,H,, SO.N(C4Hs),, NO;, CN,

COOCH;, COOC,Hs, COOC;H;, COOC;H,, COSCHs;, COSC;Hs, COSC:Hy,

COSC4H,, CONH;, CONHCHj;, CON(CHs);, CONHC;Hs, CON(C;Hs),, CONHC;H7,

CON(C3H7)2, CONHC4H9, CON(C4H9)2, and

wherein when R*® and/or R™ contain an aryl ring substituted at two adjacent

positions on said aryl ring, then said two adjacent positions can be joined by a

ch_ain

selected from CHCHCHCH, CH,CH,CH;CH, CHCHCH,,

CHzCHzCHz, CHzCHz,SCst, SCHzCHzS, OCH;O, or OCH2CH20 to form a

bi-cyclic structure; or

R" and R form part of 2 5, 6 or 7 membered saturated cyclic structure or 5,6

or 7 membered unsaturated cyclic structure, each such structure optionally

containing up to four heteroatoms selected from O, N and S and wherein each

said cyclic structure may be optionally substituted by up to four substituents in

any position, each position independently selected from:

AR

F, Cl, Br, 1, CF3, CCls, CHs, C;Hjs, C3Hy, C4Hg, NH, NHCH;3 N(CH3),,
NHCzHs, N(CpHs), NHC3H;, N(CHy),, NHCHy, N(CiHo),
NHCOH, NHCOCH;, -NHCOC;Hs, NHCOC:H,, NHCOC H,
NHSO,CH;, NHSO,C,Hs, NHSO,C;H;, NHSO,CHy, OH, OCHs;,
OC;Hs, OC3H;, OCH;, OC4Hy, OCsHy, OCsHy,, OCgH;1, OCgHjs,
OCF;, OCOCH;, OCOC,Hs, OCOC3H;, OCOC4Hy, OSO,CHa,

OS0,C3Hs, 0S0;C;Hy, 0SO,C4Hy, SH, SCH3, SC,Hs, SC;H,, SCH,,
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- SC4Ho, SCsHs, SCsHy1, SCsHi1, SCeHis,, SCFs,"SCOCH;, SCOC;H,
SCOC;H;;  SCOC,Hs, S.O3CH3, SO;C,Hs, ' SO;C3Hy, SOsC4Hy,
SO;NHz, SO;NHCH;, SO:N(CHs)s, SO;NHCHs, SON(CHs),
SO,NHC3H7, SON(CsHy)z, SO,NHC4Hy, SO,N(C4Hg)s, NOz, CN,
COOCH;, COOC:Hs, COOC3H7,.' COOCsHy, COSCHs, COSC,Hs,
COSCs3H;, COSC4Hy, CONH;, CONHCH;, CON(CH3),, CONHC,Hs,
CON(C;Hs),, CONHC3H;7, CON(C3H7),, CONHC4H;, CON(C4Hy),
and |

~wherein when R and R form an aryl ring substituted at two adjacent

positions on said aryl ring, then said two adjacent positions can be joined by a
-chain selected from CHCHCHCH, CH,CH,CH,CH,, CHCHCH,,
- CH,CH,CHj3, CH,CH,, SCH;S, SCH2CH,S, OCH,;0, or OCH;CH-O to form a

.. bi~cyclic structure; and

RY is selected from H, Cis straight chain alkyl, branched alkyl, Csg cycloalkyl, Cso

alkyloycloalkyl ot cycloalkylalkyl, and Cy.g alkenyl.

8. The method of claim 2 wherein the small molecule, GPR6 inverse agonist is

s&ucturally’ represented as follows:

A 0 O A
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wherein at least one of V, W, X, Y and Z is selected from N and each of V, W, X, Y, and Z
that ig/are not N are independently selected from CR!, CR? CR?, CR®, and CR®, with the

proviso that at least two of V, W, X, Y and Z are other than N;

Rl, R% RS, R*, and RS are each independently selected from the following:
H, F, Cl, Br, I, R“,' CFs, CF;R"”, CF,CF,, CCh, CChR', CCLCCLRZ, NRPRM,
NRCORP, NR“SOlez OR'?, OCE;, OCFzRu OCF.CFR"?, OCOR™, OSO,R®,
OPO(OR ™), SR'?, SCFs, SCF,R'%, SCF,CF;R'2, SCOR™, SO:R™2, SO,NRIR™, PO(OR'?),,
PO(OR)R™, NO;, CN, CNR"(NRVR'), CNR'*(SR"®), COOR™, COSR'%, CONRVR™,
and
wherein any tw§ adjacent positions of R, R?, R®, R, and RS can be joined by a chain
selected from CHCHCHCH, CH,CH,CH,CH,, CHCHCH,, CH,CH,CH,, CH,CH,,

SCH,S, SCH;CH,S, OCH,0, and OCH,CH,O to form a bi-cyclic structure;

R, R, R‘“_, and R" are each independently selected from H, Cy straight chain alkyl,

branched alkyl, Cy.3 cycloalkyl, Cao alkylcycloalkyl or cycloa]kylalkyl Cagalkenyl, aryl and
alkylaryl;

R” is selected from H, Cis straight chain alkyl, branched alkyl, Cs cycloalkyl, C4o
alkylcycloalkyl or cycloalkylalkyl, Cy s alkenyl, aryl, alkylaryl, (CHy),NR13Ry4, (CH2)SO5H,
and (CH,),CO,H, whereinn is 2 through 6 and m is 1 through 6; _

UL

SUBSTITUTE SHEET (RULE 26)




WO 01/62765 PCT/US00/04945

121
- R® and R" are each -ind'ependenﬂy-selepted from H, Cy.s straight chain alkyl, branched alkyl,
- Cygalkenyl, cycloalkyl, 'alkylcycloalkyl, cycloalkylalkyl, aryl and CHzaryl, wherein each said
aryl group or said aryl portion of said CHaaryl group may be optionally substituted by up to
four substituents in any position independently selected from:
F, Cl, Br, I, CFs, CCla, CHs, CyHs, CsHy, CaHy, NH, NHCH3, N(CHy)s, NHC;H;,
N(CHgz, NHCsH, N(CiH;), NHCH, N(CH), NHCOH, NHCOCH,
NHCOC;Hs, NHCOCsH;, NHCOC,H, NHSO;CHs, NHSO,C;Hs, NHSO,CsH,
NESO,C.Hj, OH, OCH;, OC,Hs, OC:H, oc4H§, OC4Hs, OCsHy, OCsHiz, OCgHu,
~ OCgHys, OCF3, OCOCH, OCOC,Hs, OCOC3H;, OCOC,H;, OSO,CH, 0S0,C;Hs, |
0S0,C3H;, 0S0,CH,, SH, SCH;, SC;Hs, SC;Hy, SCiHy, SC4H,, SCsH,, SCsHyy,
SCeHn, SCGHB,, 'SCF;, SCOCH;, SCOC;Hs, SCOCsH; SCOCsHs, SOsCHs,
SOsC;Hs, SOsCsHy, SOsCaHy, SO;NH,, SO;NHCH;, SO;N(CHs),, SO;NHC,Hs,
SO;N(CsHy)z, SO;NHCsHy, SO;N(CsBrly, SO;NHCiHs, SO;N(CeHls), NO, CN,
'COOCH,, COOC,Hs, COOCsH;, COOC:Hs, COSCHs, COSC,Hs, COSCsHy,
COSC,H;, CONH;, CONHCH;, CON(CHs),, CONI-IG;HS,. CON(C;Hs),, CONHC;Hy,
CON(CsHy),, CONHCsHy, CON(C4Ho)s, and |
wherein when R™ and/or R™ contain an aryl ring substituted at two adjacent
positions on said aryl ring, then said two adjacent positions can be joined by a
chain selected from CHCHCHCH, CH,CH,CH,CH, CHCHCH,
CH,CH,CH, CHchz,SCHzS, SCH;CH,S, OCH;0, or OCH,CH;O to form a

bi-cyclic structure; or

———
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R" and R" form part of 2. 5, 6 or 7 mberéd saturated cyclic structure or 5,6
or 7 membered unsaturated cyclic structure, each such structure optionally
containing up to four heteroatoms selected from O, N and S and wherein each
said cyclic structure may be optionally substituted by up to four substituents in
any position, each position indeﬁendently selected from:
F, Cl, Br, I, CFs, CCls, CHs, C;Hs, C3Hy, C4Hy, NHy, NHCH; N(CHs),,
NHC:Hs, N(CHsp, NHCH;, N(CHy),, NHCHs, N(CiHy),
NHCOH, NHCOCH;, NHCOCHs;, NHCOCH, NHCOCH,
NHSO,CHs, NHSO,C,Hs, NHSO,C;H;, NHSO,C,H,, OH, OCH;,
OC,Hs, OCsHy, OC4H;, OC4Hy, OCsHy, OCsHy;, OCsHys, OC¢H;3,
OCFs, OCOCHs;, OCOCzH;r;, OCOC;H;, OCOC4Hy, OSO,CH,
0S0,CzHs, 0SO,CsHy, 0S0,C4Hj, SH, SCH3, SC,Hs, SC;Hj, SCsH,
SC4Hy, SCsHy, SCsHyy, SCeHy, SCeéHis,, SCFs, SCOCH;, SCOC,Hs,
SCOC;H;, SCOC4H9, SO:CHs, S0;C,Hs, SO;C3H7, SO;C4Hy,
SO;NH;, SO,NHCH; SO,N(CHa),, SO,NHC;Hs, SO.N(C;Hs),,
SO,NHC;H;, SON(CsHy),, SONHC,Hy, SO,N(C;Hy),, NO,, CN,
COOCH;, COOC,Hs, COOCsH;, COOCH;, COSCHs, COSC;H;,
COSC3H7, COSC4H,, CONH,, CONHCH;, CQN(CH;)Z, CONHC,Hs,
CON(C;Hs),, CONHC;H;, CON(C3Hy);, CONHC,H,, CON(C4Hy),,
o _ _
wherein when R™ and R" form an aryl ring substituted at two adjacent
positions on said aryl ring, then said two adjacent positions can bejoined by a

chain selected from CHCHCHCH, CH,CH,CH;CH,, CHCHCH,,

AR
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. CH,CH,CH,, CH;CH,, SCHS, SCH,CH;S, OCH;0, or OCH;CH,0 to form a

. bi~cyclic structure; and -

RY is selected from H, ;j-Cl.s straight' chain alkyl, branched alkyl, Css cycloalkyl, Csg

 alkyloycloalkcyl or cycloalkylalkyl, and Cy g alkenyl,

9. The small molecule, GPR6 inverse agonist of claim 1; structurally represented as

follows:

wherem at least one of V, W, X, Y and Z is selected from N and each of V, W X,Y,and Z

_ that 1s/are not ¢ N are 1ndependent1y selectod from CR!, CR2 CR3 CR*, and CR5 with the

prov1so that at 1east two ofV W, X, Y and Z are other than N;

R, R2 R3 RY, and R5 are each mdependently selected from the following:

'H F, Cl, Br, L R“ CF3, CF;,R” CECFy, 0013, CClp,R‘z CCLCCLR?, NRMRY,

'NR‘SCOR“ NRlSsozR12 OR!%, OCFg, OCF;R‘Z OCFZCFZR” OCOR", OSO,R%,

OPO(OR“);, SRY, SCF3, SCFzR“ sc'schzR12 SCOR” so3R‘2 SO,NRRY, PO(OR*%);,
PO(OR*),R?, NO;, CN, CNRP(NR"R™), CNR'*(SR"), C_OOR”, COSR'?, CONR"RY,

and
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wherein any two adjacent positions of R', R?, R®, RY; and R® can be joined by a chain
selected from _ CHCHCHCH, CHzCHzCHzCHz, CHCHCHz, 'CHch2CH2, CHzCHL ’

SCH,S, SCH,CH,S, OCH;0, and OCH,CH,O to form a bi-cyclic structure;

R% R’, R, and RY are each independently selected from H, C,g straight chain alkyl,
branched alkyl, Cs.g cycloalkyl, Ca.9 alkylcycloalkyl or cycloalkylalkyl, C,¢alkenyl, aryl and
alkylaryl;

R is selected from H, Cy.q straight chain alkyl, branched alkyl, Csg cycloalkyl, Cqo
alkylcycloalkyl or cycloalkylalkyl, C;.s alkenyl, aryl, alkylaryl, (CHy)sNR13R14, (CH;)SOSH,
and (CHz),CO,H, wherein n is 2 through 6 and m is 1 through 6;

R™ and R™ are each independently selected from H, C.g straight chain alkyl, branched alkyl,
Cz g alkenyl, cycloalkyl, alkylcycloalkyl, cycloalkylalkyl, aryl and CH,aryl, wherein each said
aryl group or said aryl portion of said CHaryl group may be optionally substituted by up to
four substituents in any position independently selected from: _
F, Cl, Br, I, CFs, CCl;, CH;, C;Hs, C3Hj, CsHy, NH,, NHCH;, N(CHs),, NHC,Hs,
N(CoHs), NHC3H;, N(CsHy),, NHC.H;, N(CiHp),, NHCOH, NHCOCHs,
NHCOC;Hs, NHCOC;H;, NHCOCH;, NHSO,CH;, NHSO,C,Hs, NHSO0,C:Hj,
NHSO,C4Hjy, OH, OCH3, OCzHs, OC3H;, OC4H;, OC,H,, OCsH, OCsH;1, OCeHy;,
OCeH;3, OCF3, OCOCH;, OCOC,Hs, OCOC3H;, OCOCH,, 0S0,CH;, 0S0,C,Hs,
0S80,C;Hy, 0S0,C4H,, SH, SCHj, SC,Hs, SC;Hy, SC4H7, SC4H,, SCsHy, SCsHy;,

SCeH11, SCeHis,, SCFs;, SCOCHs;, SCOC;Hs, SCOC;Hj, SCOCsHs, SO;CH;,

* ¢ L M: § *
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S0;C;Hs, SOsCsHy, SOsCgHy, SONH;, SO,NHCH;, SO;N(CHs),, SO,NHC,Hs,
- 'SO;N(C;Hs);, SO;NHCsH;, SO;N(CsHy),, SO;NHCH;, SO,;N(C4Hy)z, NOz, CN,
COOCH;, COOC,Hs, COOC;H;, COOC;H,, COSCH;, COSC;Hs, COSC;Hy,
COSC4Hy, CONH,, CONHCH;, CON(CHs3),, CONHCsz, CON(C,Hs),, CONHC;H7,
CON(C;Hy),, CONHC4Hy, CON(C4Hy),, and
| wherein when R*® and/or R contain an aryl ring substituted at two adjacent
positions on said aryl ring, then said two adjacent positions can be joined by a
chain selected from CHCHCHCH, CH,CH,CH;CH, CHCHCH,,
CH,CH,CH,, CH,CH; SCH,S, SCH,CH,S, OCH,0, or OCH,CH;O to form a -

bi-cyclic structure; or

R" and R form part of a 5, 6 or7 membered saturated cyclic structure or 5,6
or 7 membered unsaturated cyclic structure, each such structure opﬁonally
containing up to four heteroatoms selected from O, N and S and wherein each
said cyclic structure may be optionally substituted by up to four substituents in -
any position, each position independently selected from:

F, Cl, Br, I, CFs, CCl;, CH;, C;Hs, CsHy, C4Hy, NH,, NHCH;, N(CHs),,
NHC;Hs, N(CHs), NHC3Hj, N(CsHh)s, NHCsHy, N(CiHs), NHCOH,
NHCOCHs;, NHCOCHs, NHCOC;H;, NHCOC,H;, NHSO,CHs,
NHSO,C,Hs, NHSO,C;H;7, NHSO,C;Hy, OH, OCH;, OC,Hs, OC;H;, OC(Hy,
OC4Hy, OCsHy, OCsH;;, OCsHy;, OCsHys, OCFs, OCOCH;, OCOC,Hs,
OCOC;H;, OCOCH;, 0SO,CHs, 0SO,CoHs, 0S0,CsHy, 0OSO,C4Hy, SH,

SCH3, SC,Hs, SC3Hy, SC4Hy, SC4Hy, SCsHy, SCsHy1, SCeH 11, SCeHis,, SCFs,

_.//
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SCOCHs, SCOCyHs, SCOC3H;, SCOCH,, SOsCHs, SO:C,Hs, SO;C3Hy,
SO;C4H,, SO;NH;, SO,NHCH;, SO,N(CHz);, ‘SO;NHC,Hs, SO;N(CzHs),,
SO,NHC3H;, SO;N(CsHy)z, SO;NHCHs, SO,N(C4Hp)z, NO;, CN, COOCH;,
COOC,Hs, COOC3Hy, COOCHy, COSCH3, COSC,H;s, COSC3Hy, COSC4Hs,
'CONH;, CONHCH;, CON(CHs);, CONHC;Hs, CON(C;Hj),, CONHC;Hy,-
CON(C;Hy)z, CONHC,Hy, CON(C4Hp);, and
wherein when R* and R™ form an aryl ring substituted at two adjacent positions on
said aryl ring, then said two adjacent positions can be joined by a chain selected from
CHCHCHCH, CH;CH,CH;CH, CHCHCH, CH,CH,CH,, CH,CH;, SCHS,S,

SCH;CH,S, OCH,O0, or OCH,CH,O to form a bi-cyclic structure; and

RY is selected from H, Cis straight chain alkyl, branched alkyl, Cs¢ cycloalkyl, Cy
alkylcycloalkyl or cycloalkylalkyl, and C;g alkenyl.

10.  The method of claim 2 wherein the small molecule, GPR6 inverse agonist is
structurally represented as follows:

0 S—s

WN%HL A N

\ N~ "N” SN
XL RaﬁRm
: Rg 1
wherein at least one of V, W, X, Y and Z is selected from N and each of V, W, X, Y,and Z
that is/are not N are mdependently selected from CR', CR? CR?, CR4 and CR5 with the

proviso that at least two of V, W, X Y and Z are other than N;

;-*-_c.-L M -5 *
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R, R%,R3 R*, and RS are each independently selected from the following:

"H, F, CL Br, I, R CF;, CRR2 CFCF, CCl, CCLRY?, CCLCCLR? NRFRY

NRPCORY?, NR“SO,RY?, OR!%, OCF;, OCF;R, OCF;CF,R, OCOR?, 0OSORZ,
0PO(OR‘2 2, SR'?, SCF3, SCF,RY, SCF,CF;R", SCOR'?, SO:R'?, SO;NRVR!, PO(OR'?),,
PO(OR'?),R'?, NO,, CN, CNR’(NRR™), CNR'*(SR'?), COOR"2, COSR?, CONR"RY,
and
wherein any two adjacent positions of RY, R%, R?, RY, and R® can be joined by a chain
‘selected from CHCHCHCH, CH,CH,CH,CH, CHCHCH;, CH;CH,CH;, CH;CH,,

SCH,S, SCH,CH,S, OCH,0, and OCH,CH;O to form a bi-cyclic structure;

RS, R’, R, and R" are each independently selected from H, Cg straight chain alkyl,
branched alkyl, Cs g cycloalkyl, C4o a]kleycloalkyl or cycloalkylalkyl, Cj g alkenyl, aryl and

alkylaryl;

R2 is selected from H, Cig straight chain alkyl, branched alkyl, Css cycloalkyl, Caso

alkyleycloalkyl or cycloalkylalkyl, Cy.g alkenyl, aryl, alkylaryl, (CHy);NRysR14, (CH)mSOsH,
and (CHz)mCO,H, wherein n is 2 through 6 and m is 1 through 6;

R and R are each independently selected from H, Cg straight chain alkyl, branched alkyl,

Cz.s alkenyl, cycloalkyl, a]kylcycloa]kyl cycloalkylalkyl, aryl and CH,aryl, wherein each said
aryl group or said aryl portion of sa1d CH;aryl group may be optxonally substltuted by up to

four substituents in any position mdependently selected ﬁ'om

L
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F, Cl, Br, I, CFs, CCls, CHs, CHs, CsHy, C4Hy, NH,, NHCH, N(CHz),, NHC,Hs,
N(CoHs)z, NHCsH;, N(CsHz), NHCHs, N(C/Hg);, NHCOH, NHCOCH,,
NHCOC;Hs, NHCOC3H;, NHCOCHy, NHSO,CHs, NHSO,C,Hs, NHSO,C;H,,
NHSO0,C4Hy, OH, OCH;, OC,Hs, OC;Hy, OC4Hy, OC4Hj, OCsHy, OCsH;;, OCsH;;,
OC¢His, OCF3, OCOCH3, OCOC,;Hs, OCOC;H;, OCOC4Hy, OSO,CH;, 0S0,C,Hs,
OS0;CsH;, OSO,C4Hy, SH, SCH3, SC;Hs, SC3Hy, SC4Hy, SC4Hs, SCsH,, SCsHys,
SCeH11, SCeHys,, SCF;, SCOCH;, SCOC;Hs, SCOC:H;, SCOC,Hs, SO::',CH:;,
SO0:C,Hs, SOsCsHy, SO;C4Hy, SO,NH,, SOZNHCH3, SO,N(CHz),, SO,NHC,Hs,
SO:N(CzHs)s, SO,NHC;3Hy, SO,N(CsHy),, SONHCsHy, SON(CsHg),, NO,, CN,
COOCHs, COOC;Hs, COOC;H;, COOC4H,, COSCHs;, COSC,Hs, COSC;H,
COSC4Hy, CONH,, CONHCH;, CON(CHs),, CONHC,Hs, CON(C;Hs),, CONHC:H7,
CON(C3Hz)2, CONHC,Hy, CON(C4Hy),, and

wherein when R* and/or R™ contain an aryl ring substituted at two adjacent

positions on said aryl ring, then said two adjacent positions can be joined by a

chain selected from CHCHCHCH, CH;CH,CH,CH,, CHCHCH,

CH;CH,CH,, CH,CH,, SCH;S, SCH,CH,S, OCH;0, or OCH,CH,0 to form a

bi-cyclic structure; or

R" and R" form part ofa 5, 6 or 7 membered saturated cyclic structure or 5,6
or 7 membered unsaturated cyclic structure, each such structure optionally
containing up to four heteroatoms selected from O, N and S and wherein each
said cyclic structure may be optionally substituted by up to four substituents in

any position, each position independently selected from:

T x [ L. M: S *
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F, Cl, Bt, I, CF;, CCl;, CHs, C;Hs, C3H;, CqHy, NH,, NHCH;, N(CHa),,
NHCHs, N(CHs),, NHC3H;, N(C:Hj),, NHC.Hs, N(CiHs),, NHCOH,
NHCOCH;, NHCOGHs, NHCOC:H;, NHCOCH,, NHSO,CHs, -

- NHSO,C;Hs, NHSO2C3H7, NHSO,C4Hy, OH, OCH;, OC;Hs, OC3Hy, OC4Hy,

OC4Ho, OCsHy, OCsHyy, OCsHy, OCeHys, OCE;, OCOCH;, OCOC,Hs,
OCOC;H;, OCOC,H;, OSO,CH;, 0SO0,C;Hs, 0S0,C3Hy, 0SO,C.Hs, SH,
SCHs, SC;Hs, SCsHy, SC4H7, SC4Hs, SCsHs, SCsHi1, SCeHi1, SCeHis,, SCFs,
SCOCH3, SCOCHs, SCOC3H;, SCOCH,, SOsCH;, SOsCHs, SOsC3Hy,
SO3C4Hs, SO,NH,, SO,NHCH;, SO;N(CHs);, SO;NHC;Hs, SO,N(C;Hs),, -
SO,NHC;H;, sozN(chfﬁz, SO,;NHC,H,, SO;N(C4Hy),, NO,, CN, COOCH;,

- COOC,H;, COOC;H;, COOC,4Hy, COSCH;, COSC,Hs, CO.SC3'H7, COSC4Hy,

CONH,, CONHCH,, CON(CHs),, CONHC;H;, CON(C.Hs),, CONHC;Hy, -

CON(C3Hy7);, CONHC4Hy, CON(C4Hy)z, and

wherein when R*® and R form an aryl ring substituted at two adjacent positions on

said aryl ring, then said two adjacent positions can be joined by a chain selected from

CHCHCHCH, CH;CH;CH,CH, CHCHCH;, CH;CH,CH;, CH;CH; SCH,S,

SCH,CH,S, OCH;0, or OCH,;CH;0 to form a bi-cyclic structure; and

R‘I5 is selected from H, C)g straight chain alkyl, branched alkyl; Css cycloalkyl, Cs9

alkylcycloalkyl or cycloalkylalkyl; and C,.g alkenyl.

The small molecule, GPR6 inverse agonist of claim 1 structurally represented as

(T
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o s s -
X, /
Y2 Rs Re—{Ruo
Ro Ryq

wherein Z is selected from NR*, O and §;

W, X, or Y are independently selected from N, CR’, CR?, and CR?, with the provisio that
when Z is O and Y is N, then W is CR! and X is CR?;

R', R? and R® are each independently selected from the following:
H, F, CL Br, , R CF;, CFRY CF,CF, CCh, CCLRZ CCLCCLR"?, NRVRY,
NR°COR"’, NR“SO R, OR, OCF;, OCFRZ OCF.CF:R"?, OCORY, OSO,RY
‘OPO(OR "), SR'?, SCF;, SCFiR'?, SCF,CF;R", SCOR™, SO:R2, SO.NR"R™, PO(OR?),,
PO(OR'),R', NO,, CN, CNR(NR*R), CNRIS(SR'?), COOR'?, COSR"?, CONRR!,

and
wherein any two adjacent positions of R, R% R®, R*, and R® can be joined by a chain
selected from CHCHCHCH, CHzCHzCHzCHz, CHCHCHz, CHzCHzCHz, CHzCHz,
SCH,S, SCH,CHS, OCH,0, and OCH,CH;0 to form a bi-cyclic structure;

R? is selected from H, Cys straight chain alkyl, branched alkyl, Csg cycloalkyl, Cso
- alkyleycloalkyl or cycloalkylalkyl, C, s alkenyl, aryl, alkylaryl, COR®, CSR®, and SO.R>:

R, R® and R7 are each independently selected from H, Cy.g straight chain alkyl, branched
alkyl, Cs.g cycloalkyl, Cy alkylcycloalkyl or cyclbalkylalkyl, Cz.g alkenyl, aryl and alkylaryl;

R® and R” are each independently selected from H, Cyq straight chain alkyl, branched alkyl,

Cs¢ cycloalkyl, Cyy alkylcycloalkyl or cycloalkylalkyl, C;.g alkenyl, aryl and alkylaryl

I
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- RS, R, RY, and R" are each independently selected from H, Cig straight chain alkyl,
branched alkyl, Cs.g cycloalkyl, C49 alkylcycloalkyl or cycloalkylalkyl, C; galkenyl, aryl and
alkylaryl; |

R is sclected from H, Cig straight chain alkyl, branched alkyl, Csg cycloalkyl, Cys

alkylcycloalkyl or cycloalkylalkyl, Cy¢ alkenyl, aryl, alkylaryl, (CH2)sNR13R14, (CHz)mSO5H,
“and (CH)»,CO-H, wherem nis 2 through 6 and m is 1 through 6;

R* and R™ are each independently selected from H, Ci.g straight chain alky, branched alkyl,
C,s alkenyl or cycloalkyl, or alkyleycloalkyl, or cycloalkylalkyl, or aryl and CHsaryl,
- wherein each said aryl group or said aryl po_rtion' of said CHjaryl group may be optionally
substituted by up to four substituents in any position independently selected from:
F, Cl, Br, I, CFs, CCl;, CH3, C;Hs, CsHy, CaHy, NH;, NHCH3, N(CHz),, NHC,Hs,
N(CHs), NHCsH; N(CHy), NHCiH, N(Cish, NHCOH, NHCOCEH,
NHCOCsz, NHCOC:H;, NHCOC;Hy, NHSO,CH3, NHSO,C,Hs, NHSO,C;Hy,
NHSO0,CsH,, OH, OCHs, OC;Hs, OC;Hy, OC4H;, OC4Hy, OCsHy, OCsHy1, OCeHii,
OC¢His, OCFs3, O_COCI-I3, OCOC;H;, OCOC;H;z, OCOC4Hy, OSO,CHs, OSO2C;Hs,
| 0S0,C:Hj, OSO,CsHy, SH, SCHs, SC;Hs, SCsHz, SC4Hy, SC4Hs, SCsHy, SCsHyy,
SC¢Hi;, SCgHis,, SCF;, SCOCH;, SCOCHs, SCOC;H; SCOCH,, SO;CHs,
SO;CaHls, SO:CsHy, SO3;C4Hs, SONH, SO,NHCH;, SO;N(CH;);, SO,NHC,Hs,
SO,N(C;Hs), SO,NHC3H;, SON(CsHy)z, SO;NHC,Hy, SO;N(C4Hy)2, NO,, CN,
COOCH;, COOC,Hs, COOC3;H;, COOCHy, COSCHi;, COSCHs, COSC3Hjy,

COSC4Hg, CONHy, CONHCHj3, CON(CH3);, CONHC,Hs, CON(CaHs)z, CONHGC;H7,

CON(C3H7)2, CONHC,4Hy, CON(C4Hy), and
wherein when R'® and/or R" contain an aryl ring substituted at two adjacent
positions on said aryl ring, then said two adjacent positions can be joined by a
chain selected from CHCHCHCH, CH;CH;CH,CH;, CHCHCH,,
CH,CH,CH,, CH,CH,, SCH,S, SCH,CH,S, OCH;0, or OCH;CH;O to form a
bi-cyclic structure; or
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R" and R form part of a 5, 6 or 7 membered saturated cyclic structure or 5,6
or 7 membered unsaturated cyclic structure, each such structure optionally
containing up to four heteroatoms selected from O, N and S and wherein each
said cyclic structure may be optionally substituted by up to four substitnents in
any position, each position independently selected from:
F, Cl, Br, I, CFs, CCl;, CHs, CaHls, CsHy, C4Hy, NH;, NHCH; N(CH;),,
NHCHs, N(CoHs), NHC;H; N(CsHy), NHCHs, N(C;Hg),
NHCOH, NHCOCH;, NHCOC,Hs, NHCOGC;H;, NHCOC4Hj,
NHSO,CH;, NHSO,C,Hs, NHSO,C;H,, NHSO,C4Hs, OH, OCH;,
OCgHs, OC3Hy, OC4Hy, OC4Hy, OCsHy, OCsH;;, OCsHy;, OCeHis,
OCF;, OCOCH;, OCOC,Hs, OCOC;H;, OCOCsH;, OSO,CH;,
OSOzcsz, OSO0.C3H7, 0S0,C4Hy, SH, SCH;, SC,H;, SC;H;, SC.Hy,
SC4Hy, SCsHy, SCsHi1, SCeHi1, SCeHis,, SCF3, SCOCH;, SCOC,Hs,
SCOCsH;, SCOCH;, SO;CHs, SO;C;Hs, SO;CsHj, - S0;C4Hs,
SO,NH,, SO;,NHCHg, SO;N(CHs);, SO;NHC;Hs, SO,;N(C;Hs),,
SONHC3H;, SO,N(CsHy),, SONHCH;, SO,N(C4Hy),, NO,, CN,
COOCH;, COOC;Hs, COOC;H;, COOC4H;, COSCH, COSC,Hs,
COSC;Hy, COSC,Hy, CONH,, CONHCH;, CON(CHj),, CONHC;Hs,
CON(C;Hs);, CONHC;3H;, CON(CsHy);, CONHC,Ho,, CON(C4Hy),,
and | '
wherein when R'® and RM form an aryl ring substituted at two adjacent
_posmons on sa1d a:tyl ring, then sa1d two adjacent positions can be joined by a
chain sclected from CHCHCHCH, CH;CHZCHchz CHCHCH,,
CH,CH,CH,, CH,CH,, SCH,S, SCH,CH,S, OCH;0, and OCH,CH,O to form
a bi-cyclic structure; and

R is selected from H, Cis straight chain alkyl, branched alkyl, Cs cycloalkyl Cus
alkylcycloalkyl or cycloalkylalkyl, and C;.¢ alkenyl.

12. The method of claim 2 wherein said small mlecule, GPR6 inverse agonist is
structurally represented as follows:
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wherein Z is selected ﬁ'OIll:;NR“,. Oand S;

- W, X, orYare mdepenqépﬂy selected from N, CR, CR?, and CR?, with the provisio that
' whenZisOand YisN, t_lienWisCRl and X is CR?;

R, R% and R are each mdependently selected from the followmg
H, F, Cl, Br, I, RY CF3, CERY, CF,CF,, CCh, CCLR™, CCLCCLRY, NRURY,
NR“(:OR12 NR‘5502R12 OR", OCFs, OCF;R"”, OCFCFR", OCORY, OSO,R™,
OPO(OR'2),, SR, SCFs, SCFR?, SCF;CFgRlz SCOR', SO:R'2, SO,NRPRY, PO(OR"™)s,
PO(OR'?),R'%, NO,, CN, CNR*(NR*R™), CNR'(SR'?), COOR', COSRY, CONR"RY,
and - | - |
Whefe_in any two dd_iacent positions of RY, R?, R?, R’, and R can be joined by a chain
selected from CHCHCHCH, CH,CH;CH,CH,, CHCHCH,, CH;CH,CH,, CH,CH,,
SCH,S, SCH;CH,S, OCH;0, and OCH;CH;0 o form a bi-cyclic structure;

R* s selected from H Cl-s stralght cham alkyl, branched alkyl, C3 s cycloalkyl, Cso
alkylcycloalkyl or cycloalkylalkyl Cas alkenyl aryl, alkylaryl COR’, CSR®, and SO;R®;

R®, R® and R7 are each ix_idependently"selected from H, Cl.s straight chain alkyl, branched
alkyl, Cs.5 cycloalkyl, Cs9 -a]kyleycloalkyl or cycloalkylalk_Yl, Cas alkenyl, aryl and alkylaryl;

" R® and R are each mdependently selected from H, Cl.s stralght chain alkyl, branched alkyl,
Css cycloa]kyl Cas alkylcycloa]kyl or cycloalkylalkyl, C,.g alkenyl, aryl and alkylaryl

R Y S L

' SUBSTITUTE SHEET (RULE 26)



WO 01/62765 L PCT/US00/04945

134

R’, R’, RY, and R" are ciich independently selected fréti: H, Cpe straight chain alkyl,
branched alkyl, Csg cycloalkyl, Cyo alkylcycloalkyl or cycloalkylalkyl, Cy.salkenyl, aryl and
alkylaryl;

R" is selected from H, Cy straight chain alkyl, branched alkyl, Css cycloalkyl, Cyo
alkylcycloalkyl or cycloalkylalkyl, C,.5 alkenyl, aryl, alkylaryl, (CH;),NR;13R14, (CHz)m803H,
- and (CH3)mCO,H, wherein n is 2 through 6 and m is 1 through 6;

R and R are each independently selected from H, Cy.4 straight chain alkyl, branched alkyl,
Cys alkenyl or cycloalkyl, or alkylcycloalkyl, or cycloalkylalkyl, or aryl and CHaaryl,
wherein each said aryl group or said aryl portion of said CHaaryl group may be optionally
substituted by up to four substituents in any position independently selected from:
F, C}, By, I, CFs, CCls, CHa, C;H;s, C3Hy, C4Hy, NH,, NHCH3, N(CH;),, NHC,Hs,
N(CHs);, NHC3H;, N(CsHy),, NHCH, N(CsHs),, NHCOH, NHCOCH;,
NHCOC,Hs, NHCOC;H;, NHCOCHy,” NHSO,CHs, NHSO,C,Hs, NHSO,C:H;,
NHSO,C4Hy, OH, OCH3, OC;Hs, OC3H;, OC4H;, OC,H,, OCsHy, OCsH;y, OCgHjy1,
OC¢H,3, OCF3, OCOCH3, OCOC,Hs, OCOC;H, OCOCHy, OSO,CH;, 0SO,C,Hs,
OS0,C;Hy, OSO,C4Hs, SH, SCH;, SC,Hs, SC:Hy, SC,H,, SC4Hy, SCsHy, SCsHy;,
SCeHi1, SCeHys,, SCF3, SCOCH3;, SCOC,Hs, SCOC3H;, SCOCsH,, SO;CHa,
SO0;C,Hs, SOsCsH;, SO;CHy, SO,NH,, SO,NHCH3, SO;N(CHs)z, SO;NHC,Hs,
SO,N(CzHs)2, SO,NHC3H;, SON(C3Hy),, SO;NHCH, SO;N(C4Hy);, NO,, CN,
COOCH,, COOC:Hs, COOCsH;, COOCH;, COSCHs, COSCzﬁs, COSC;H;,
COSC,Hy, CONH,, CONHCHs, CON(CH3);, CONHC,Hs, CON(C;Hs),, CONHC;Hy,
CON(C3Hy),, CONHCHy, CON(C4H),, and
wherein when R™ and/or R contain an aryl ring substituted at two adjacent
positions on said aryl ring, then said two adjacent positions can be joined by a
chain selected from CHCHCHCH, CH,CH;CH,CH,, CHCHCH,,
CH,CH,CH,, CH,CH;,, SCH,S, SCH,CH,S, OCH;0, or OCH,CH,O to form a
bi-cyclic structure; or

R T
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R and R™ form part of a 5, 6 or 7 membered saturated cyclic structure or 5,6
or 7 membered unsaturated cyclic structure, each such structure optionally
containing up to four heteroatoms selected ﬁqm O, N and S and wherein each
said cyclic structure may be optionally sub'stituted by up to four substituents in
amy position, each position independently selected from: -
F, CL, Br, I, CF;, CCl,, CH3, C;Hs, CsHy, C4Hy, NH, NHCH3 N(CHs)z,
NHCHs, N(CHs), NHC:H;, N(CsHy),, NHC.H;, N(C4H9)2,
NHCOH, NHCOCH;, NHCOGHs;, NHCOCsH;, NHCOC,H,
NHSO,CH;, NHSO,C;Hs, NHSO,C;H;, NHSO.C,H;, OH, OCHj,
OC;Hs, OCsH;, OC4H;, OCsH,, 0C5H9, OCsHj1, OCsHi, OCgHis,
OCF;, OCOCH;; OCOC;Hs, OCOC;H;, OCOCH,, OSO,CHs,
0S0,C,H;s, 0S0,C3H;, OS0,C,4Hy, SH, SCHa, SCoHs, SC3H7, SC/H7,
SC4Hy, SCsH,, SCsHyi, SCéHyy, SCsHya,, SCFs, SCOCH;, SCOC;Hs,
SCOC3H;, SCOC4H,, SOsCHs, SO;CoHs, SO3CiHj, SO3;CsHy,
SO;NH;, SO,NHCH;, SO;N(CHs);, SO,NHCH;, SO;N(CoHs),,
SO;NHC3H7, SON(C;Hy);, SO,NHC,Hy, SO,N(CsHp);, NO,, CN,
COOCH;, COOCHs, COOC;H;, COOCsHy, COSCH;, COSC;Hs,
- COSC;Hy, COSC,H,, CONH,, CONHCH;, CON(CH;z);, CONHC,Hs,
CON(CzHs);, CONHC;H;, CON(C:Hy);,  CONHC4Hy, CON(CHo)s, -
and : : S
wherein when R™ and R form an a:fyl ring substituted at two adjacent
positions on said aryl ring, then said two adjacent positions can be joined by a
chain selected from CHCHCHCH, CH,CH;CH,CH, CHCHCH,,
CH,CH,CH,, CHzCHz SCH;S, SCH,CH,S, OCH;0, and OCHZCHzO to form
a bi-cyclic structure; and

R' is selected from H, Cys straight chain alkyl, branched alkyl, Css cycloalkyl, Cos
alkylcycloalkyl or cycloalkylalkyl, and Cpgalkenyl.

13.  The small molecule, GPR6 inverse agonist of claim 1 structurally represented as

follows:
/
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wherein Z is selected from NR* O and S;

W, X, or Y are independently selected from N, CR!, CR?, and CR?, w1th the provisio that
whenZis Oand Yis N, then W is CRl and X is CR?;

R, R?, and R® are each independently selected from the following:

H, F, Cl, By; I, R", CF;, CFRY CF,CF, CCh, CCLRZ CCLCCLRZ NRPRY,
NR"”COR", NR“SORZ, OR“, OCF;, OCF,R?, OCF.CFR? OCORYZ OSO,R*,
- OPO(OR™),, SR'%, SCF3, SCF;R', SCF,CF,R'?, SCOR™, SO,RY, SO,NRR!*, PO(OR!?),
PO(OR™),R"?, NO,, CN CNR“(NR”R”) CNR™(SR™), COORY, COSR™, CONRPRY,
and

35

wherein any two adjacent positions of R, R%, R?, R?, and R® can be joined by a chain
selected from CHCHCHCH, CH,CH,CH,CH,, CHCHCH,, CH,CH,CH,, CH,CH,,
SCH-S, SCH,CH,S, OCH;0, and OCHchZO to form a bi-cyclic structure;

R* is selected from H, Cyg straight chain alkyl, branched alkyl, Css cycloalkyl, Cso
 alkylcycloalkyl or cycloalkylalkyl, Cy.5 alkenyl, aryl, alkylaryl, COR®, CSR®, and SO,R’;

RS, R® and R are each independently selected from H, Cl.s.siraight chain alkyl, branched
alkyl, Cs¢ cycloalkyl, Cy s alkylcycloalkyl or cycloalkylalkyl, Cy.5 alkenyl, aryl and alkylaryl;

R’ and R’ are each independently selected from H, C.g straight chain alkyl, branched alkyl,
Cs.s cycloalkyl, Cy alkylcycloalky! or cycloalkylalkyl, C; g alkenyl, ary! and alkylaryl
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R R’ RY, and R are each independently selected from H, Cig straight chain alkyl,
branched alkyl, Cs_ cycloalkyl, C4_9 a]kylcycloalkyl or cycloa]kyla]kyl C;galkenyl, aryl and
alkylaryl;

R is selected from H, Cl-s straight chain alkyl, branched alkyl, Css cycloalkyl, Cso
alkyleycloalkyl or cycloalkylalkyl, C;.salkenyl, aryl, alkylaryl, (CHz)NR1:R14, (CHz)mSOsH,
~ (CH2)wCO,H wherein n is 2 through 6 or m is 1 through 6;

R" and R™ are each independently selected from H, Cis straight chain alkyl, branched alkyl,
C,.s alkenyl or cycloa]l;_yL- or alkylcycloalkyl, or cycloa]l;yi_a]_kﬂ, or aryl or CHzaryl, wherein
each said aryl group or said aryl portion of said CHaryl grbup may be optionally substituted
by up to four substituentg-i:h any position independently selected from: :
F, Cl, Br, I, CFs, CCl, CHs, C;H;, CsHy, CyHj, NHy, NHCH;, N(CH:),, NHC;Hs,
N(CHs),, NHCsH7, N(CsHg);, NHCsHy, N(C:Hg), NHCOH, NHCOCHS;,
NHCOGC;H;, NHCOC:H;, NHCOCH,, NHSO,CH;, NHSO,C;Hs, NHSO,C:Hy,
NHSOZC4H9, OH, OCHs, OC,Hs, OCsHy, OCHy, OC4Hy, OCsH,, OCsHy;, OCgHys,
OC5H13, OCF;, OCOCHg, OCOCJ-IS, OCOC;3H,, OCOCsHy, OSO,CH;, 0SO,C,Hs,
OSOzC3H7, OSOzC4Hg, SH, SCHs, SC;Hs, SCsHy, SCsHy, SC4Hy, SCsHy, SCsHn,
SCgHy;, SCsHjs, SCFs, SCOCH;, SCOCsz, SCOC3H7, SCOC4Hy, SO;CHs,
SOsC;Hs, SOsCsHy, SOsCiHs, SO;NH;, SO;NHCHs, SO;N(CHs)z, SO;NHC,H;,
SO:N(CzHs)s, SOzNHcaH7, SO;N(CsHy)z, SONHC,Hy, SO,N(CeHo)o, NO,, CN,
COOCHs;, COOC;,Hs, COOC;H;, COOC4Hy, COSCH;, COSC,Hs, COSCsHy,
COSC,Hy, CONH,, CONHCH3, CON(CH;)2, CONHCzHs, CON(C,Hs),, CONHC;H;,
CON(C3Hy);, CONHC,4Hy, CON(C4Hy),, and
wherein when R* and/or R* contain an aryl rmg subsututed at two adjacent positions
on said aryl ring, then said two adjacent positions can be joined by a chain selected
from CHCHCHCH CHZCHZCHZCHZ CHCHCH,, CH;CHCH,, CH,CH;, SCH>S,
SCH,CH,S, OCH,0, or OCH,CH,0 to form a bi-cyclic structure; or

R and R™ form part of a 5, 6 or 7 membered saturated cyclic structure or 5,6 or 7
membered unsaturated cyclic structure, each such structure optionally containing up
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to four heteroatoms selected from O, N and S and whgtein each said cyclic structure
may be optionally substitated by up to four substituents in any position, each position
independently selected from:
F, Cl, Br, I, CF;, CCls, CHs, C;Hs, C3Hy, C4H,, NH,, NHCH3;, N(CHz),,
NHC:Hs, N(C:Hs), NHC;H;, N(CsHy),, NHCsHs, N(C.Hs),, NHCOH,
NHCOCH;, NHCOC,Hs, NHCOC:;H;, NHCOC,H,, - NHSO,CH3,
NHSO,CzHs, NHSO,C3H;, NHSO,C4Hy, OH, OCH3, OC;Hs, OCsH,, OC;Hj,
OC.Hy, OCsHy, OCsHy;, OCeHyj, OCgHis, OCFs;, OCOCH, OCOC,Hs,
OCOC;H;, OCOC4Hy, OSO,CH;, 0S0,C,Hs, OSO,C:H;, 0S0,C;Hy, SH,
SCHs, SCHs, SC3Hy, SC4Hy, SC4Hs, SCsHy, SCsHyy, SCeHiy, SCeHis,, SCFs,
SCOCH;, SCOC;Hs, SCOCsH;, SCOC4Hj, SO;CHs, SO;C,Hs, SO3C;5Hj,
SO3CeHly, SONH,, SONHCH;, SO,N(CH,);, SO,NHC,H;, SO,;N(C,Hs),,
SO;NHC;H;, SO,N(C3Hj7);, SONHCHj, SO,N(C4Hy),, NO;, CN, COOCH;,
COO0C,Hs, COOC;Hy, COOCHy, COSCH;, COSC,Hs, COSC3Hy, COSC4Hs,
CONH;, CONHCH;, CON(CHs);, CONHC,Hs, CON(C;Hs),, CONHC;H;,
CON(CsHy);, CONHC,4Hy, CON(C4Hy),, and
wherein when R™ and R form an aryl ring substituted at two adjacent positions on
said aryl ring, then said two adjacent positions can be joined by a chain selected from
CHCHCHCH, CH,CH;CH,CH, CHCHCH,, CH,CH,CH,, CH,CH,;, SCHS,
SCH,CH,S, OCH,0, or OCH;CH;0 to form a bi-cyclic structure; and

R" is selected from H, Cy3 straight chain alkyl, branched alkyl, Cs5 cycloalkyl, Cy
alkylcycloalkyl or cycloalkylalkyl, and C,.¢ alkenyl.

14.  The method of claim 2 wherein the small molecule, GPR6 inverse agonist is
structurally represented as follows:

0 S§—S8
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wherein Z is selected from NR*, O and S;

W, X, or Y are independently selected from N, CR!, CR? and CR?, with the proviso that
when Z is O and Y is N, then W is CR! and Xis CR?;

- R, R?, and R3 are each independently selected from the following:
H, F, C, Br, I, R, CF;, CFRY CF,CF, CClL, CCLRY CCLCCLRZ NR“R!Y,
- NRCOR!?, NR¥SO,RY?, OR', OCF;, OCF;R?, OCF,CF,R", OCOR?, OSORY
OPO(OR'"),, SR'2, SCFs, SCF;R', SCF,CF,R'?, SCORY, SO:R'?, SO,NRP®R!™, PO(OR'),,
PO(OR'),R", NO,, CN, CNRP(NRPR™), CNR"(SR'*), COOR", COSR"”, CONR" R,
wherein any two adjacent positions of R', R?, R?, R*, and R® can be joined by a chain
~ selected from CHCHCHCH, CH,CH,CH,CH, CHCHCH,, CH;CH,CH,, CH,CH,,
SCHS,S, SCH,CH,S, OCH,0, and OCH,CH,O to form a bi-cyclic structure;

R*? is selected from H, C,g straight chain alkyl, branched alkyl, Csg cycloalkyl, Cso
alkylcycloalkyl or cycloalkylalkyl, Cy s alkenyl, aryl, alkylaryl, COR®, CSR?, and SO;R;

RS, R® and R7 are each independently selected from H, Cy.g straight chain alkyl, branched
alkyl, Cs.g cycloalkyl; Cs.o alkylcycloalkyl or cycloalkylalkyl, Cz.g alkenyl, aryl and alkylaryl;

R® and R’ are each independently selected from H, Cy.g straight chain alkyl, branched alkyl,
Cs-g cycloalkyl, C4 alkylcycloalkyl or cycloalkylalkyl, Cz.s alkenyl, aryl and alkylaryl

R% R, R™, and R are each independently selected from H, Cjs straight chain alkyl,
branched alkyl, Cs.g cycloalkyl, Cs4.9 alkylcycloalkyl or cycloalkylalkyl, C,.5alkenyl, aryl and
alkylaryl;

R" is selected from H, Cy.s straight chain alkyl, branched alkyl, Css cycloalkyl, Cag

alkylcycloalkyl or cycloalkylalkyl, C, g alkenyl, aryl, alkylaryl, (CH),NR13R14, (CH2),,SO:H,

(CH;)CO,H wherein n is 2 through 6 or m is 1 through 6;
| . -
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R" and R" are each independently selected from H, C,.g straight chain alkyl, branched alkyl,
C,.g alkenyl or cycioa]kyl, or alkylcycloalkyl, or cycloalkylalkyl, or aryl or CH,aryl, wherein
each said éryl group or said aryl portion of said CH,aryl group may be optionally substituted
by up to four substituents in any position independently selected from:
F, Cl, Br, I, CF;, CCls, CHs, C,Hs, C3Hy, C4H,, NH,, NHCH3, N(CHs),, NHC,Hs,
N(CHs),, NHC3H;, N(CsHyp),, NHCsH,, N(CjHp),, NHCOH, NHCOCHS;,
NHCOCHs, NHCOC;H;, NHCOC.Hs, NHSO,CH;, NHSO,C,Hs, NHSO,C;H;,
'NHSO,C4H,, OH, OCHj;, OCH;s, OC3H;, OC4H,, OC,Hy, OCsH, OCsHjy, OCgHy),
OCeHi3, OCFs, OCOCH;, OCOC,Hs, OCOC;H;, OCOCHy, OSO,CH;, OSO,C;Hs,
OS0.C;Hy, OSO,CHy, SH, SCH;, SC,Hs, SC;H;, SC4H;, SCaH, SCsHy, SCsHy;,
SCeH1, SCeHis,, SCFs, SCOCH;, SCOC;Hs;, SCOC;H;, SCOC4Hy, SO3;CH;,
SOsCoHs, SOsCsHy, S0sC4Hy, SONH,, SO,NHCH;, SO;N(CHs);, SO,NHC,H;,
SO:N(CoHs);, SO,NHC3Hy, SO;N(CsHy),, SO,NHCHy, SO,N(C4Hy),, NO;, CN,
COOCH;3, COOC,Hs, COOC3;H;, COOC4Hy,, COSCH;, COSCHs, COSC:Hj,
COSC,Hy, CONH,, CONHCH;, CON(CH3),, CONHC,Hs, CON(C;Hs);, CONHC;Hj,
CON(C;3Hy);, CONHC4Hy, CON(C4Hy),, and
wherein when R"? and/or R' contain an aryl ring substituted at two adjacent positions
on said aryl ring, then said two adjacent positions can be joined by a chain selected
from CHCHCHCH, CH,CH;CH,CH, CHCHCH,, CH,CH,CH,, CH>CH,, SCH,S,
SCH,CH,S, OCH,0, or OCH,CH,0 to form a bi-cyclic structure; or-

R" and R™ form part of a 5, 6 or 7 membered saturated cyclic structure or 5,6 or 7
membered unsaturated cyclic structure, each such structure optionally containing up

to four heteroatoms selected from O, N and S and wherein each said cyclic structure -

may be optionally substituted by up to four substituents in any position, each position
independently selected from:
F, CL Br, I, CFs, CCly, CHs, C;Hs, CsHy, C4Hy, NH;, NHCH3, N(CHs),,
NHC:Hs, N(C;Hs), NHC3Hj;, N(C3Hy),, NHCsHy, N(CqHs),, NHCOH,
NHCOCH3;, NHCOC,Hs, | NHC0C3H7, NHCOC,Hs,, NH802CH3,
NHSO,C,Hs, NHSO,C3Hy, NHSO,C,Hy, OH, OCH;, OC,H;, OC3H7, OCH,,
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OCHs, OCsH,, OCsHy;, OCsHy, OC¢Hjs, OCFs,” OCOCH;, OCOCHs,
OCOC:Hj, .OCOC4H9', 0S0,CH;, OS0,CHs, 0SO,C:H;, 0S0,C,Hy, SH,
‘SCH3, SC,H;, SC;H, SC,H7, SC4H, SC5H9, SCsHq, SCsHiy, SCeHys,, SCF3,
SCOCH;, SCOC,H;s, SCOC;H,, SCOCH,, SO;CHs, SO;CHs, SO;C;Hy,
SO;C4Hj, SO;NHz, SO;NHCH, SO;N(CHs),, SO;NHC;H;, SO;N(CHs),,
SO,NHC;H;, SON(CsHy),, SO;NHC Hs, SO;N(C4Hs);, NO;, CN, COOCH;, -
COOC;Hs, COOC;H;, COOC4Hy, COSCH;, COSC,Hs, COSC3Hy, COSC,H,
CONH_, CONI-ICHg CON(CHs);, CONHC,Hs, CON(Csz)z, CONHC3H7, -
. CON(C;Hj);, CONHC4Hy, CON(C4Hy),, and o
wherein when R.13 and R form an aryl ring substituted at two adjacent positions on
. said aryl ring, then said two adjacent positions can be joined by a chain selected from
CHCHCHCH, CH;CH;CH;CH, CHCHCH,;, CH;CH;CH,, CHZCHZ, SCH,S,
SCH,CH,S, OCH,0, or OCH;CH,O to form a bi-cyclic structure; and '

R' is selected from H, Cis straight chain alkyl, branched alkyl, Css cycloalkyl, Cas

alkylcycloalkyl or cycloalkylalkyl, and C,g alkenyl. -

15. . The small molecule, GPR6 inverse agonist of claim 1 structurally represented as

follows:

wherein Y is selected from NR*, O or §;

W, X, or Z are each independently selected from N or CR!, CR?, or CR> with the proviso that

* when Y is O and Z s N, then W is CR and X is CR?;

. *+ € L M § *
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R, R?, and R? are each independently selected from the foﬂoﬁg:
H, F, Cl, By, L R CFs, CER", CR,CF, CClk, CCLR” CCLCCLRZ NRURM,
NR”COR”, NRSO;R”, OR", OCF; OCERY, OCF,CFR” OCORZ OSOR®
OPO(OR'%), SR™, SCF;, SCF2R'2, SCF,CF;R'2, SCOR™2, SO:R™2, SO,NRPRY, PO(OR'?),,
PO(OR'*,R", NO,, CN, CNR*(NR"*R'), CNR¥*(SR'»), COORY, COSRY, CONRPR!,
and
wherein any two adjacent positions of R, R% R%, RY, and R® can be joined by a chain
selected from CHCHCHCH, CH,CH,CH,CH,, CHCHCHL CH,CH,CH,, CH,CH,,

SCH,S, SCH,CH,S, OCH,0, or OCH,CH,O to form a bi-cyclic structure;

R'is H, Ci:g straight chain alkyl, branched alkyl, Csg cycloalkyl, Cs4 alkylcycloalkyl or
cycloalkylalkyl, Cy g alkenyl, aryl, alkylaryl, COR®, CSR®, and SO;R®;

R®, R® and R are each independently selected from H, Cy straight chain alkyl, branched -

alkyl, Cs.5 cycloalkyl, Cy alkylcycloalkyl or cycloalkylalkyl, C;.5 alkenyl, aryl and alkylaryl;

R°® and R7 are each independently selected from H, C;.g straight chain alkyl, branched alkyl,

. Cs¢ cycloalkyl, Cy4. alkylcycloalkyl or cycloalkylalkyl, C; s alkenyl, aryl and alkylaryl

R® R’ RY, and R™ are each independently selected from H, Cy3 straight chain alkyl,

branched alkyl, Cs.s cycloalkyl, C4s alkylcycloalkyl or cycloalkylalkyl, C,.5alkenyl, aryl and
alkylaryl;

I
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R is selected' from H, Cy;s straight chain alkyl, branched alkyl, Css cycloalkyl, Cas
alkylcycloalkyl or cycloalkylalkyl, Cy.¢ alkenyl, aryl, alkylaryl, (CH2)oNR13R14, (CH,)mSOsH,
and (CH,)nCO,H, wherein n js 2 through 6 and 1 is 1 through 6;

R and R™ are each independenﬂy selected from H, C,.g straight chain alkyl, branched alkyl,

C,.g alkenyl or cycloalkyl, or alkylcycloalkyl, or cycloa]lea]lQl, or aryl or CHzaryl, wherein

said aryl group or said aryl p’ortioh of said CH,aryl group may be optionally substituted by up
to four substituents in any position independently selected from: -

F, Cl, Br, I, CFs, CCls, CHs, C;Hs, C3Hy, C4Hy, NH,, NHCH;, N(CHs);, NHC,Hs,

N(C:Hs);, NHC:H;, N(C;Hy);, NHC.Hy, N(C:Hp),, NHCOH, NHCOCH;,

. NHCOC,Hs,- NHCOC;Hj7, NHCOCHy, NHSO;CH,, NHSO,C;Hs, NHSO,C3Hy,

- NHSO,C4Hy, OH, OCHs, -OC;,I-fs, OC3H;, OCH;, OC4Hy, OCsHy, OCsHy1, OCeHys,

| OCgH,3, OCF3;, OCOCHj;, OCOC,Hs, OCOC3H;, OCOC4Hy, OSO,CH3, OSO,CoHs,

0S0,CsHy, 0SO,CHs, SH, SCHs, SC;Hs, SCsHy, SC4Hy, SC4Hs, SCsHs, SCsHy,

SCeHy;, SCeHis, SCFi, SCOCH;, SCOCHs, SCOC;H;, SCOC4Hy, SO;CHa,

S0;C;Hs, SOsCsHy, SO;C4Hy, SO;NH;, SO;NHCH;, SO,N(CH;),, SO,NHC,Hs,

SO,N(C,Hs),, SO,NHC;H;, SO,N(C3Hr);, SO;NHC4Hy, SO;N(C4Hy)z, NO;, CN,

COOCH;, COOC;Hs, COOCs;H;, COOC4H,, COSCHs, COSC,Hs, COSC:Hjy,

COSC4Hy, CONH,, CONHCH3, CON(CH3),;, CONHC,H;s, CON(C;Hs),, CONHC;3Hj,

CON(C;sHy),, CONHC,Hy, CON(CsHyg)z, and -
wherein wheﬁ. R and/or R™ contain an aryl ring substituted at two adjacent
positions on said aryl ring, then said two adjacent positions can be joined by a

chain selected from CHCHCHCH, CH;CH,CH,CH; CHCHCH,,
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CHzCHzCHz, CHzCHz, SCHzS, SCHzCHzS, OCHzO, or 0CH2CH20 to form a

bi-cyclic structure; or

R" and R" form part of a 5, 6 or 7 membered saturated cyclic structure or 5,6
or 7 membered unsaturated cyclic structure, each such structure optionally
containing up to four heteroatoms selected from O, N and S and wherein each
said cyclic structure may be optionally substituted by up to four substituents in

any position, each position independently selected from:

F : Cl’ Bra I:o C_F3’ CC13, CH3, CZHS: C3:[_17’ C4H9: NHZ: NHCH3,N(CH3)2’

NHCpHs, N(CHs), NHC;H;, N(C:H;),, NHC,H, N(C4Hy),,

NHCOH, NHCOCH;, NHCOC,Hs, NHCOC;H,, NHCOC,Hj,
NHSO,CHs, NHSO,C;Hs, NHSO,C;H;, NHSO,C,H;, OH, OCH;,

OGHs, OC3Hy, OC4H;, OC4H,, OCsHy, OCsH;;, OCeHys, OCgH;3,

-OCFs, OCOCH;, OCOC;Hs, OCOC;H;, OCOC,Hs, OS0,CHj3,

0S0,C;Hs, 0SO;CsHy, 0SO,C,H, SH, SCH3, SC,Hs, SC3H;, SC,H,,
SC4Hy, SCsHy, SCsHyy, SCeHi, SCéHua,, SCFi, SCOCH;, SCOC,Hs,

SCOC:H;, SCOCHs, SOsCH3, SO3;CHs, SOsC:Hy, SO3C4Hy,

SO;NH,, SO,NHCH; SON(CH;),, SO,NHCHs, SO;N(CoH),,

SO;NHC;H;, SO;N(CsHr)z, SO,NHCHy, SO,N(C4Hy),, NO,, CN,
COOCHs, COOC,Hs, COOC;H;, COOCHy, COSCH;, COSC,Hs,
COSCsH;y, COSC4Hy, CONH,, CONHCH3, CON(CHs),, CONHC,Hs,
CON(C:Hs),, CONHC3H;, CON(C3H7),, CONHC,Ho, CON(C,Hy),,

and
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wherein ‘when R'3 and R™ form an aryl : ring substituted at two adjacent
| ﬁositions oﬁ said aryl ring, then said two adjacent positions can be joined by a
chain selected from CHCHCHCH, CHzCHZCHchz, CHCHCH,,
CH,CH,CH,, CH,CH,, SCH,S, SCH,CH,S, OCH;0, or OCH;CH,0 to form a

bi-cyclic structure; and

R is selected from H, Cys straight chain alkyl, branched alkyl, Csg cycloalkyl, Cso
" alkylcycloalkyl or cycloalkylalkyl, and C, g alkenyl.

16. The method of claim 2 wherein the small molecule, GPR6 inverse agonist is

structurally represented as follows:

T
‘Y,Z R6 Rg 'R-m
Re Ry

. wherein Y is selected from NR*, O or S;

W, X, or Z are each independently selected from N or CR!, CR?, or CR> with the proviso that

when Y is O and Z is N, then W is CR! and X is CR%;

R!, R?, and R? are sach independently selected from the following:
H F, C, Br, I, R% CF;, CFRY? CFCF, CCh, CCLR?Z CCLCCLRY NRPRY,

NRY¥CORY?, NRSO,R'?, OR', OCF;, OCFRY?, OCF,CFRY, OCOR?, OSO;RY,

-
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OPO(OR"?),, SR'2, SCF3, SCF,R", SCF,CF;R"%, SCOR?, sogli”, SO,NR"R™, PO(OR?),,
PO(ORlz) lez, NO,, CN, CNRls(NRlaRM , CNRIS(SRIZ)’ COOR”', COSR‘Z, CONR13R14,
and
wherein any two adjacent positions of R, R?, R%, R*, and R can be joined by a chain
selected from CHCHCHCH, CH;CH;CH,CH,, CHCHCH;, CH,CH;CH,, CH,CH,,

SCH,S, SCH,CH,S, OCH;0, or OCH,CH,0 to form a bi-cyclic structure;

R'is H, C15 straight chain alkyl, branched alkyl, Cs.g cycloalkyl, C49 alkylcycloalkyl or
cycloalkylalkyl, C; 5 alkenyl, aryl, alkylaryl, COR®, CSR®, and SO,R>;

R®, R® and R” are each independently selected from H, Cy straight chain alkyl, branched -

alkyl, Cs_ cycloalkyl, Cy aﬂc}?lcycloalkyl or cycloalkylalkyl, C,.5 alkenyl, aryl and alkylaryl;

R® and R are each independently selected from H, Cig straight chain alkyl, branched alkyl,
Cs5 cycloalkyl, C4 alkylcycloalkyl or cycloalkylalkyl, C,.3 alkenyl, afyl and alkylaryl

R’, R’, RY, and R" are each independently selected from H, Cy.g straight chain alkyl,
branched alkyl, Cs.5 cycloalkyl, Cso alkylcycloalkyl or cycloalkylalkyl, C,. alkenyl, aryl and
alkylaryl;

R" is selected from H, C,g straight chain alkyl, branched alkyl, C;3 cycloalkyl, Cy
alkyleycloalkyl or cycloalkylalkyl, C,.g alkenyl, aryl, alkylaryl, (CH2)uNR;3R14, (CH2)mSOsH,
and (CHz)mCO2H, wherein n is 2 through 6 and m is 1 through 6;

L
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* R and R are each independently selected from H, Cy.s straight chain alkyl, branched alkyl,
C,. alkenyl or cycloalkyl, or alkylcycloalkyl, or cycloaﬂcylﬂkyl, or aryl or CHzaryl, wherein
- each said aryl group or said aryl portion of said CHparyl group may be optionally substituted
by up to four sqbstituents in any position independently selected from:
F, Cl, Br, L CFs, CCls, CH;, C;Hs, CsHy, C4Hs, NH,, NHCH;, N(CHs),, NHC,Hs,
N(CHs),, NHC;Hj, N(CsHj),, NHC4H,, N(C4Hy);, NHCOH, NHCOCH;,
NHCOC,;H;, 'NHCOC;H;, NHCOC;Hy, NHSO,CH3,” NHSO,C;Hs, NHSO,C:H,
NHSO0,C4Hy, OH, OCHj, OC;Hs, OC3Hy, OC4H;, OC4Hs, OCsHg, OCsHii, OCsHuy,
OCsH;3, OCF3, OCOCH3, OCOC,Hs, OCOC;H;, OCOC,Hy, OSO,CH;, OSO,C,Hs,
‘0S0,CsH;, 0S0,C4Hs, SH, SCH;, SC;Hs, SCsHy, SC4H;, SC4Hy, SCsHy, SCsHi;,
SCeHu1, 'SC5H13,, SCFs;, SCOCH;, SCOC;Hs, SCOC;H;, SCOCHs, SO;CHa,
SO0:CHs, SOsC3Hy, SOsC4Hy, SO:NH,, SO,NHCH;, SO,N(CH3),, SO.NHC,Hs,
'SO;N(CzHs);, SO;NHC;H;, SO;N(C3Hy),, SO;NHCHy, SO:N(C;Hg);, NO2, CN,
COOCH,;, COOC,Hs, COOC:H;, COOCHs, COSCH;, COSC,Hs, COSC;Hy,
COSC,4Hy, CONH,, CONHCHS3, CON(CH3),, CONHC,Hs5, CON(CzHs)2, CONHC;3H7,
CON(C;Hy),, CONHC,Hy, CON(C4Hy),, and
wherein when R'® and/or R!* contain an aryl ring substituted at two adjacent
positions on said aryl ring, then said two adjacent positions can be joined by a
chain selected from CHCHCHCH, CH,CH,CH,CH; CHCHCH,,
CH,CH,CH;, CH,CH, SCH,S, SCH,CH;S, OCH;0, or OCH;CH,O to form a

bi-cyclic structire; or
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RS and R™ form part of a 5, 6 or 7 membered saturated cyclic structure or 5,6
or 7 membered unsaturated éyclic structure, each such structure optionally
containing up to four heteroatoms selected from O, N and S and wherein each
said cyclic structure may be optionally substituted by up to four substituents in
any position, each position independently selected from:

~ F, Cl, Br, I, CF3, CCls, CHs, C,Hs, C3Hy, C4H,, NH,, NHCH3; N(CHj3),,

NHGHs, N(CoHs),, NHC:H;, N(C:H;),, NHC.H,, N(C4Ho)z,
NHCOH, NHCOCH;, NHCOC;Hs, NHCOC:Hj, NHCOCH,,
NHSO,CH;, NHSO,C,Hs, NHSO,C3H;, NHSO,C,H,, OH, OCHs,

OC;Hs, OC3Hy, OC4H;, OC,Hs, OCsHy, OCsHiy, OCsHyp, OCgHs,

OCFs, OCOCH;, OCOCH;, OCOCsH;, OCOC.H;, OSO,CH,
080,C,Hs, 0S0,C3Hz, 0S0,CHo, SH, SCHs, SCH;, SC3H;, SCH,,
SC4Hs, SCsHs, SCsHu1, SCsHy, SCeHis,, SCFs, SCOCH;, SCOC,Hs,
SCOCsHy, SCOCsH,, SOsCH;, SO;CpHs, SOsCiHy;, SO3CH,
SO,NHz, SONHCH;, SO,N(CHs);, SONHCH;, SO,N(C,Hs),,
SO,NHC3Hy, SON(CsHy)z, SO;NHCHy, SON(CsHp),, NO;, CN,
COOCH;, COOC;Hs, COOC;H;, COOCsH;, COSCH;, COSC;Hs,
COSC3Hy, COSC.Hy, CONH;, CONHCH;, CON(CHs),, CONHC,Hs,
CON(C;Hs),, CONﬁCaH7, CON(C5Hy),, chHc4H9, CON(C4Hoy),,

and

wherein when R™ and R™ form an aryl ring substituted at two adjacent

positions on said aryl ring, then said two adjacent positions can be joined by a

chain selected from CHCHCHCH, CH,CH,CH,CH,, CHCHCHz;
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- -CH,CH,CH;, CH,CH,, SCH,S, SCH,CH,S, OCH,0, or OCH,CH;O to form a

- bi-cyclic structure; and

RY is selected from H, Cyg straight chain alkyl, branched alkyl, Css cycloalkyl, Cas
alkylcycloalkyl or cycloalkylalkyl, and C,.g alkenyl.
17. The small molecule, GPR6 inverse agonist of claim 1 structurally represented as

follows:

0 s—s
S N/)\N/‘%N
A RaHRw
- Ro Ry

wherein Y is selected from NR*, O or S;

‘W, X, or.Z are each independently selected from N or CR!, CR?, or CR*with the proviso that

when Y is O and Z is N, then W is CR' and X is CR’;

R, R%, and R? are each independently selected from the following:

H, F, Cl, B, I, R CF;, CFR? CFCF, CCh, CCLR”, CCLCCLRY, NR"RY,
. NR”COR”, NR“SO;R”, OR”, OCF;, 'OCF;RY, OCE,CF:R", OCORZ O0SOR'Z
OPO(OR'),, SR, SCFs, SCF,R"2, SCF,CFR'?, SCOR', SO;RY, SO;NR“R", PO(OR")s,
PO(OR'?),R'2, NO,, CN, CNRP(NRPR™), CNR'*(SR'®), COOR', COSR', CONR"R",

and
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wherein any two adjacent positions of R', R?, R%, R, and R® can be joined by a chain
selected from CHCHCHCH, CH,CH,CH,CH,, CHCHCH,;, CH,CH,CH,, CH,CH,,
SCH;S, SCH>CH,S, OCH;0, or OCH,CH,0 to form a bi-cyclic structure;

R? is selected from H, Ci3 straight chain alkyl, branched alkyl, Css cycloalkyl, Cys

alkyleycloalkyl or cycloalkylalkyl, Cy.s alkenyl, aryl, alkylaryl, COR®, CSR’, and SO,R":

R R® and R’ are each independently selected from H, C; straight chain alkyl, branched

alkyl, Cs.g cycloalkyl, C4. alkylcycloalkyl or cycloalkylalkyl, Co.s alkenyl, aryl and alkylaryl;

R® and R are each independently selected from H, Cy.3 straight chain alkyl, branched alkyl,

Cs- cycloalkyl, Cy4.9 alkylcycloalkyl or cycloalkylalkyl, C, ¢ alkenyl, aryl and alkylaryl

R’, R, RY, and R are cach independently selected from H, Cy.g straight chain alkyl,

branched alkyl, Cs.g cycloalkyl, Cyg alkyleycloalkyl or cycloalkylalkyl, C,.g alkenyl, aryl and
alkylaryl; '

R is selected from H, Cyg straight chain alkyl, branched alkyl, Cs5 cycloalkyl, Csy

alkylcycloalkyl or cycloalkylalkyl, C;.g alkenyl, aryl, alkylaryl, (CH3),NR;3R14, (CH2)mSO5H,
and (CH2)mCO>H, wherein n is 2 through 6 and m is 1 through 6;

R" and R™ are each independently selected from H, Cyg straight chain alkyl, branched alkyl,

C,.g alkenyl or cycloa_lkyl, or al!_(_ylcycl_qalkyl, or cycloalkylalkyl, or aryl or CHzaryl, wherein

_—_—
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each said aryl group or said aryl portion of said CHzaryl grdup may be optionally substituted
- . by up to four substituents in any position independently selected from:

F, Cl, Br, I, CF3, CCls, CHs, C;Hs, CsHj, C4Hy, NH;, NHCH;, N(CHs),, NHC;Hs,
N(CpHs),, NHCsH;, N(CsHj),, NHCH,, N(CiHp),, NHCOH, - NHCOCHS,
NHCOGC;Hs, NHCOC;H;, NHCOC,H;, NHSO,CH;, NHSO,C,Hs, NHSO,C;Hjy,
NHSO0,C4H,, OH, OCH3, OC;Hs, OC3H;, OC4H;, OCHy, OCsHy, OCsHy;, OCgHi,
OCgHis, OCF;3, OCOCH3, OCOC,Hs, OCOC;H;, OCOC,Hy, OSO,CHs, 0SO2C,Hs,
080,C3H;7, 0S0,C4Hy, SH, SCH;, SC,Hs, SCsH7, SC4H7, SC4Hy, SCsHy, SCsHy;,
SCsH1, SCsHis,, SCFs, SCOCHs; SCOCHs, SCOCsH; SCOC,Hy, SO;CHs,
SOsC;Hs, SOsCsHy, S0;C4Hy, SONH;, SO,NHCH; SO,N(CHs);, SO;NHCHs,
SO,N(C;Hs);, SONHC;H;, SON(CsHy), SO;NHC:H,, SON(C4tp),, NO, CN,
COOCH;3, COOCZHS, COOC:H;, COOCHy, COSCH;, COSC;Hs, COSC:Hy,
COSC4Hy, CONH;, CONHCH; CON(CH3),, CONHC,H;, CON(C;Hs),, CONHC;Hj,

CON(C;Hy),, CONHC,H,, CON(C4Hs),, and |
‘wherein when R*® and/or R contain an aryl ring substituted at two adjacent
positions on said aryl ring, then said two adjacent positions can be joined by a
chain selected from CHCHCHCH, CH,CH,CH,CH,;, CHCHCH,,
CH,CH,CH,, CH,CH,, SCH,S, SCH,CH,S, OCH>0, or OCH;CH,O to form a

bi-cyclic structure; or

R® and R* form part of a 5, 6 or 7 membered saturated cYclic structure or 5,6
or 7 membered unsaturated cyclic structure, each such structure optionally

containing up to four heteroatoms selected from O, N and S and wherein each
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said cyclic structure may be optionally substituted by up to four substituents in

any position, each position independently selected from:
F, Cl, By, 1, CFs, CCls, CHs, C,Hs, CaHy, CoH,, NH,, NHCH;,N(CHs),,
NHCHs, N(Colsp, NHCsH;, N(C:Hy);, NHC,Hp, N(C,Ho),,

| NHCOH, NHCOCH;, NHCOGC,Hs, NHCOC:H;, NHCOC,Hs,

NHSO,CH;, NHSO,C,Hs, NHSO,C;Hj, NHSO,CqHy, OH, OCHs,
OC,Hs, OC3H;, OC.Hj, 0C4H9, OCsHy, OCsHy1, OCgHyy, OCeHjs,
OCF;, OCOCHs, OCOC;Hs, OCOC;H;, OCOC,Hs;, OSO,CH,
0S0,CzHs, OSO,CsHy, 0S0,C;Hj, SH, SCH;, SC;Hs, SC3H;, SCHj,
SC4Hy, SCsHy, SCsHi1, SCeHi1, SCeHis,, SCF3, SCOCHs, SCOC,Hs,
SCOCsH;, SCOCsHs, SO;CHs, SO3C;Hs, SOsCsH;, SOsCH,, -
SO;NH,, SO,NHCH;, SO;N(CHs);, SONHC;Hs, SO,N(CyHs),
SO,NHC;H;, SO,N(C3Hy),, SO,NHC,Hy, SO,N(C4Hy),, NO,, CN,
COOCHs, COOC:Hs, COOC3H;, COOC,H;, COSCH;, COSC,Hs,
COSC3Hy, COSC,Hs, CONH;, CONHCH3, CON(CHs);, CONHC,Hs,
CON(C;Hs)2, CONHC3H;, CON(C3Hy),, CONHC,Hy, CON(C4Hy),,
and

wherein when R' and R™ form an aryl ring substituted at two adjacent

positions on said aryl ring, then said two adjacent positions can be joined by a

chain selected from CHCHCHCH, CH:CH;CH,CH,, CHCHCH,,

CH,CH,CH,, CH;CH,, SCH,S, SCH;CH,S, OCH,0, and OéHchzo to form

a bi-cyclic structure; and
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- RY is selected from H, Cyg straight chain alkyl, branched alkyl, Css cycloalkyl, Css
alkylcycloalkyl or cycloalkylalkyl, and C,.5 alkenyl.

18. The method of claim 2 wherein the small molecule, GPR6 inverse agonist is

structurally represented as follows:
i—S
x’l ‘ N J§ N
-4 Rﬁ%_%Rw

Rq1

wherein Y is selected from NR* O or S;

W, X, or Z are each independently selected from N or CR?, CR?, or CR*with the proviso that

when Y is O and Z is N, then W is CR' and X is CR%;

R, R? and R? are each independently selected from the following:
H, F, Cl Br, I, R}, CF;, CFR'2, CF,CF,, CCl, CCLRY, CCLCCLRY, NR“RY,
NR'*COR", NR‘ssozR" OR', OCFs, OCF;R”, OCF,CF;R"”, OCOR?, OSOR"
OPO(ORY),, SR™, SCF;, SCF,R', SCF,CF;R", SCORY, SO;R"?, SO,NR"R", PO(OR);,
PO(OR'?),R'?, NO,, CN, CNR(NR'*R'), CNR'*(SR'?), COOR'?, COSR", CONR"RY,
and
wherein any two adjacent positions of Rl, R% R, R_", and R® can be joined by a chain
selected from CHCHCHCH, CH,CH,CH,CH,, CHCHCH,, CH,CH,CH,, CH,CH,

SCH,S, SCH,CH,S, OCH,;0, or OCH,CH;0 to form a bi-cyclic structure;

I
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R’ is selected from H, Cig straight chain alkyl, branched alkyl, Csg cycloalkyl, Cq
- alkylcycloalkyl or cycloalkylalkyl, C, alkenyl, aryl, alkylaryl, COR’, CSR?, and SO,R® s

R, R‘_ and R” are each independently selected from H, Cy straight chain alkyl, branched

alkyl, Csg cycloalkyl, Cy alkylcycloalkyl or cycloalkylalkyl, C, ¢ alkenyl, aryl and alkylaryl;

R® and R’ are each independently selected from H, Cy.g straight chain alkyl, branched alkyl,

C_3-s cycloalkyl, Ca.9 alkylcycloalkyl or cycloalkylalkyl, C, ¢ alkenyl, aryl and alkylaryl

R% R’ R, and R" are each independently selected from H, Cys straight chain alkyl,
branched alkyl, Cs ¢ cycloalkyl, Csg alkylcycloalkyl or cycloalkylalkyl, C.5 alkenyl, aryl and
alkylaryl;

R" is selected from H, Cyg straight chain alkyl, branched alkyl, Css cycloalkyl, Cyy
alkylcycloalkyl or cycloalkylalkyl, C,.g alkenyl, aryl, alkylaryl, (CHz),NR3R14, (CH2),,SO;H,
and (CHz)nCO,H, wherein n is 2 through 6 and m is 1 through 6; -

R'* and R" are each independently selected from H, Cy.g straight chain alkyl, branched alkyl,
Cs-s alkenyl or cycloalkyl, or alkyloycloalkyl, or cycloalkylalkyl, or aryl or CH,aryl, wherein
cach said aryl group or said aryl portion of said CHaaryl group may be optionally substituted
by up to four substituents in any position independently selected from:
F, Cl, Br, 1, CFs, CCls, CH;, C;Hs, CsHy, CqHy, NH,, NHCH3, N(CH3);, NHC,Hs,
N(C:Hs), NHC3H;, N(C:Hy),, NHC,H,, N(C4Hg);, NHCOH, NHCOCHS,,
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NHCOC,H;, NHCOC;H;, NHCOCHs, NHSO;CHs, ‘NHSO,C;Hs, NHSO.C:Hy,
NHSO0,CHs, OH, OCH;, OC;H;s, OCsHy, OC4Hy, OC;Hs, OCsH, OCsH;1, OCeHy;,
OC;H3, OCF3, OCOCH3, OCOC,Hs, OCOCsH;, OCOCHs, OSO;CH;, 0S0,C,Hs,
0SO;CsHy, 0SO,CeHs, SH, SCHs, SC;Hs, SCsHy, SCiHy, SCHs, SCsHs, SCsHs,
SCeHui, SCeHlis, SCFs SCOCH, SCOCHs, SCOCsH;, SCOCsHs;, SO;CHs,
SO;CHs, 803C3H7, S0;C4Hy, SOzNHz, SO,NHCH;, SO;N(CHz);, SO,NHC;Hs,

SO,N(C;Hs)s, SONHC3H;, SO.N(CsHy),, SOzNHC4H9, SO;N(C4Hg)z, NO2, CN,

COSC4Hp, CONHz, CONHCH3 CON(CHg)z, CONHC,Hs, CON(C;H5),, CONHC;H5,
CON(CsHy)s, CONHC4H9, CON(C4H9)2, and

. wherein when R*® and/or R™ contain an aryl ring substituted at two adjacent

positions on said aryl'riﬁg, then said two adjacent positions can be joined by a

chain selected from CHCHCHCH, CH,CH,CH,CH,;, CHCHCH,,

CH,CH,CH;, CH,CH,, SCH,S, SCH;CHS,S, OCH;0, or OCH;CH;O to form 2

g bi-cyclic'stjructure; or

R" and R form part of 2 5, 6 or 7 membered saturated cyclic structure or 5,6
or 7 membeted unsaturated cyc‘lic' structure, each such structure optionally

containing up to four heteroatoms selected from O, N and S and wherein each

said cyclic structure may be optionally substituted by up to four substituents in
any position, each position independently selected from:
F, Cl, Br, 1, CFs, CCls, CHs, CpHs, CsHy, C4Hy, NH,, NHCH;3 N(CHs),,

NHC;Hs, N(CHs), NHC;H; N(CiHy), NHC4H;, N(CiHp),

l
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NHCOH, NHCOCH;, NHCOO;Hs, . NHCOC3H;, NHCOC,H,,
NHSO,CHs, NHSO;C;Hs, NHSO,C;H;, NHSO,CHs, OH, OCH,,
OC;_,Hs, OC;Hj, OC4H;, OC4Hy, OCsHy, OCsH;;, OCsH;;, OCgHys,
OCF;, OCOCH;, OCOC,Hs, 0C0C3H7, OCOCH,, OSO,CHs,
OS0,C,Hs, OSO,C3Hy, 0S0,C,Hy, SH, SCH;, SC;Hs, SC;Hy, SC4H;,
SC4Hs, SCsHy, SCsHy1, SCeHiy, SCeHis,, SCF3, SCOCH,, SCOC,Hs,
SCOCz;H;, SCOC,Hs, SO3CHs, SO;CHs, SOsC;Hy, SO03C4H,,
SONH;, SO;NHCH;, SO;N(CHs):, SO;NHC;Hs SON(CHz,
SO:NHC;H7, SO;N(C3Hr),, SO,NHC,Hy, SO,N(CqHy),, NO,, CN,
COOCH;, COOC,Hs, COOC3H;, COOCsH;, COSCHs, COSC;Hs,
COSCsHy, COSC4Hy, CONH,, CONHCH;, CON(CHs),, CONHC,H;,
CON(C;Hs);, CONHC;H;, CON(C3Hy);, CONHC,Hy, CON(C,Hy),
and
wherein when R™ and R form an aryl ring substituted at two adjacent
.positions on said aryl ring, then said two adjacent positions can be joined by a
chain selected from CHéHCHCPL CHCH,CH;CH;, CHCHCH,,
CH,CH,CH,, CH,CH,, SCH;S, SCH,CH,S, OCH,0, and OCH,CH,O to form

a bi-cyclic sfr_ucture; and

RY is selected from H, Cys straight chain alkyl, branched alkyl, Css cycloalkyl, Cyp
alkylcycloalkyl or cycloalkylalkyl, and C, g alkenyl.
19. A small molecule, GPR6 inverse agonist selected from the group consisting of the

following structures:
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20. A method for modulatmg by inverse agonism the G protem coupled receptor, GPR6,

comprising the step of contacting GPR6 with a small molecule GPR6 inverse agonist’

selected from the group consisting of:
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