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SMALL MOLEC~~ ~IODULATORS OF G PROTEIS-COli'"PLED 

RECEPTOR SIX 

RELATED CASES 

This patent document is related to U.S.· Patent Application 09/3Q4,425 filed via Express 

Mail on July 30, 1999 claiming the. ~efit of commonly owned= (1) Provisional Patent 

Application Serial Number 60/094,879, filed July 31, 1998; (2) Pro"isional Patent Application 

Serial Number 60/106,300, filed October 30, 1998; (3) Provisional Patent Application Serial. 

Number 60/110,906, filed December 4, 1998; ( 4) Provisional Patent Application Serial Numbe~· 

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 January 4, 2000. The disclosure of each of the foregoing patent docwnents is 

incorporated in its entirety herein by reference.. Priority benefit of aforementioned U.S. 

Application Ser. No. 09/364,425 and Provisional Patent Applications (4), (5) and (6) above is 
. . 

hereby claimed. 

FIELD OF INVENTION 

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

receptor six (GPR6); preferably, the small molecule modulators are preferentially selected for 

the human GPR6; most preferably, the small molecule modulators are inverse agonists to the 

humanGPR6. 
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BACKGROUND OF THE INVENTION. 

A. G Protein-Coupled Receptors 

G protein-coupled receptors (GPCR) share a common structural motif. All these 

receptors 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 primarily 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 tenninus, 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 cell membrane in equilibrium 

between two different states or. confonnations: 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 receptor 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 stabilize _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 endogen.ous 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 modillate a biological respons~ 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 !mown, 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 ha8 no applicability with respect 

to orphan receptors. Thus, by adhering to this dogtD.atic 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 receptor is discovered. The pursuit of an 

endogenous ligand for an orphan receptor can take several years and cost millions of dollars. 

Furthermore, and given that there are an estiniated 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 · are constitutively active in their 

endogenous state. GPR6 is a 362 amino acid homolog of GPR3; the endogenous ligand for 

GPR6 is unknown (Song; Z.-H. et al, mpra.; see Figure l for reported amino acid sequence). 

GPR6 transcripts. are reported to be abundant in the human putainen and to a lesser extent in 

the frontal cortex, hippocampus, and hypothalamus (Heiber, 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 mo~ of obesity, biochemical alterations in both humans 

and anjma.ls, and the complex interactions of 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. NIB 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 a major health 

concerns worldwide, fu particular because clinical obesity is often accompanied by numerous 

complications, i.e., hypertension and Type II diabetes, which in tum 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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Although the etiologic. mechanisins underlying obesity· require further clarification, 

the net ·effect of such mechanisms leads ·to an imbalance between energy intake and 

expenditure. Both genetitj and environmental factors . are likely to be involved in the 

pathogenesis of obesity.• TI,iese include excess caloricintak:e, decreased physical activity, and 

metabolic and endocrine ·abn.orin.alities. 
,i: 

Treatment of overweight conditions and clinical obesity via pharmaceuticl:ll agents are 

not only of importance with respect to the conditions themselves, but also with respect to the 

possibility of preventing other diseases that are· associated :with, e.g., clinical obesity, as well 

as enhancement of the positive feeling of "self' that often accompanies those who are 

overweight or clinically obese and who encounter a significant reduction in body weight. 

Given the foregoirJ.g discussion, it is apparent that compounds which help in the 

treatment of such disorders would be useful and would provide an advance in both research 

and clinical medicine. The present invention is· directed to 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 modulators have inverse agonist charaCteristics at the receptor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure l is a graphic representation 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 representation of the results ci:f.a [35S]GTPyS 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 "AREl 12" are provided in well 
H6. 

Figure 4 is a graphic representation of an ICso curve for compound AREl 12 against the 
GPR6 receptor, indicating an ICso value of0.1501 µM 

Figures SA, SB and SC provide graphic representations of the results of in vivo 
administration (IP) of AREl 12 on cumulative food intake (SA), water intake (SB) and body 
weight gain (SC) on 24-hour food deprived rats. 

Figures 6A, 6B and 6C provide graphic representations of the results of in vivo 
administration (IP) of AREl 12 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 AREl 12 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 ~112 on cumulative food intake 

(1 OA), water intake (1 OB) ~d body weight ga:in (1 OC) on ~4-hour food deprived rats. 

Figure 11 provide a graphic representation of the re~ults of a daily repeated in vivo 

(IP) administration of AREl 12 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 AREl 12 showing a decrease in startle reflex in non food deprived rats. 

DEFINITIONS 

The scientific literature that has evolved around recepto~ bas adopted a number of 

terms. For clarity and consistency, the following definitions will be used throughout this patent 

document. To the extent that these definitions conflict with other de:finitions for these terms, the 

following definitions shall control. 

ACTIVE INGREJ)IENT in the context of a "Pharmaceutical Composition" shall mean 

a component of a Pharmaceutical Composition that provides the primary pharmaceutical benefit, 

as opposed to an ''inactive ingredient" which would generally be recognized as providing no 

pharmaceutical benefit. 

AGONISTS shall mean moieties that activate the intracellular response when they 

bind to the receptor, or enliance 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 example, and not limitation, a Pharmaceutical Composition comprising at 

least one Active Ingredient and at least one other component is a Composition. 

COMPOUND EFFICACY shall mean a measurement of the ability of a compound 

to inhibit or stimulate receptor functionality, as opposed to receptor binding affinity. 

CONSTITUTIVE 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 CONTACTING shall mean bringing at least two moieties together, 

whether in an in vitro system or an in vivo system. 
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ENDOGENOUS sb.8.11 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 :riatu.rally produced by a mammal· (for example, and not limitation, a 

human) or a virus. In contras't, the ter1ll NON-ENDOGENOUS in this context shall mean 

that which is not naturally produced by a mammal (for ex~ple, and not limitation, a human) 

or a virus. For example, and not l:iµritation, a receptor which is not constitutively active in its 

endogenous form, but when manipulated becomes constitutively active, is most preferably 

referred to herein as a "non-endogenous, constitutively activated receptor." Both terms can 

be utilized to describe both "in vivo" and "in vitro" systems. For example, and not a 

limitation, in a screening approach, the endogenous or non-endogenous receptor may be in 

reference to an in vitro screenmg system. As a further example and not limitation, where the 

genome of a mammal has been manipulated to include 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 herein, each mean a non-endogenous 

protein comprising an endogenous, constitutively activated orphan GPCR fused to at least 

one G protein, most preferably, the alpha (a) subunit of such G protein (this being the subunit 

that binds GTP), with the G protein preferably l>eillg of the same· type as· the G protein that 

naturally couples with endogenous orphan GPCR. ·For example, and not limitation, in an 

endogenoW; state, the G protein "Gsa" is the predominate G protein 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 INHIBITING, 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, _?r 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 baseline 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 )% within 24 to 48 hours of contacting GPR6 and 

the GPR6 inverse agonist. 

LIGAND shall mean an endogenous, naturally occuning molecule specific for an 

endogenous, naturally occurring 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 a mechanism for slow release), whereby the composition is 

amenable to investigation for a specified, efficacious outcome in a mammal (for ex.ample, . 

SUBSTITUTE SHEET (RULE 26) 



WOOt/62765 PCT/US00/04945 

11 

and not limitation, ah~). 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; for example, and not limitation, AR,El 12 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 ~ediately 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 

. is 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 reduces 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, inclurung and 

not limited to, 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 endogenous ligand. By determining areas within the 

body where such receptors are expressed ancJ/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 constitutively active, it binds to a G protein (for 

example Gq, Gs, Gi, Go) IJD.d stimulates the binding ofGTP to the Gprotein. The G protein 

then. acts as a GTPase and slowly hydrolyzes the GTP' tQ GDP, whereby the receptor, under 

normal conditions, becomes deactivated. However, constitutively activated receptors 

continue to exchange GDP to· GTP. A non-hydrolyzable analog of GTP, [35S]GTPyS, can be 

used to mollitor enhanced binding to membranes which express constitutively activated 

receptors. It is reported that [35S]GTPyS 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-lmown and available to those in the art, was reported by Traynor and 

Nahorski in 1995. Generally, this preferred use of this assay system is for initial screening of 

candidate compounds because the system is genericaliy applicable. to all G protein-coupled 

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 compolin.ds have interacted at the receptor site 

I 

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 GPR6 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 c.AMP can 

be utilized, for example and not limitation, cell-based cAMP assay, to determine if a candidate 

compound is an inverse agonist to the receptor (i.e., such a compound which contacts the 

receptor would decrease the levels of c.Alil.IP relative to the uncontacted receptor). AB 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 GPCR.s, 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 endogenous receptor in the absence of that compound, with an 

aim of such a differentiati~ 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. Because it is 
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most preferred that screening take place by use of a mammalian expression system, such a 

system will be expected to have endogenous G protefu therein. Thus, by definition, in SUch a 

system, the endogenous, constitutively active orphan GPCR will continuously 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 th.at 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 GPCRFusion Protein appears to be important for screening 

with an endogenous, constitutively 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 a 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 ~t the particular needs 

of an investigator. The criteria 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 ot 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 some restriction 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 to the creation of the GPCR Fusion Protein 

construct Because there are only a few G proteins that have been identified, it is preferred 

that a construct comprising the sequence of the G protein (i.e., a universal G protein 

construct) be available for insertion of an endogenous GPCR sequence therein; this provides 

for efficiency in the context of large-scale screening of a variety of different endogenous 

GPCRs having different sequences. 

D. Pharmaceutical Compositions 

Candidate compounds selected for further development as active ingredients can be 

formulated into phannaceutical compositions using techniques well known to those in the art. 

Suitable pharmaceutically-acceptable carriers are available to those in the art; for example, see 

Remington's Pharmaceutical Sciences, 16th Edition, 1980, Mack Publishing Co., (Oslo et al., 

eds.). 

EXAMPLES 

The following examples are presented for purposes of elucidation, and not limitation, of 

the present invention. 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 ordinary 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. 

SUBSTITUTE SHEET{RULE 26) 



WO 01/62765 ·. 

17 

EXAMPLEl 

RECEPTOR EXPRESSJON 

1. cDNA and Vectors 

PCT/US00/04945 

The expression vector comprising GPR6 cDNA was generously supplied by Brian 

O'Dowd (University of Toronto). The vector utilized for GPR6 was pRcCMV (the coding 

region for GPR6 was subcloned into pCMV vector at a HindIII-Xbal site). See, 

SEQ.ID.NO.:! for nucleic acid sequence and SEQ.ID.N0.:2 for the deduced amino acid 

sequence of GPR6. 

2. Transfection Procedure 

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

reaction tu.bes were prepared (the proportions to follow for each tube are per plate): tube A 

was prepared by mixing 20µg 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 120µ1 lipofectamine (GibC9 l3RL) in 1.2ml 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 lX PBS, followed by addition of 1 Oml serum free 

DM:EM. 2.4ml of the transfection mixture was then added to the cells, followed by 

incubation for 4hrs at 37°C/5% CQi.. The transfection mixture was then removed by 

aspiration, followed by the addition of25ml ofDM:EM/10% Fetal Bovine Serum. Cells were 

then incubated at 37°C/$% C02. After 72br incubation, cells were then harvested and 

utilized for analysis. 
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EXAMPLE2 
GPCR FUSION PROTEIN PREPARATION 

The design of a GPC6-Fusion Protein construct was accomplished as follows: both 

the 5' and 3' ends of the rat G protein Gsa (long form; ltoh, H. et al., 83 PNAS 3776 (1986)) 

were engineered to inclUde a HindIII (5'-AAGCTT-3') sequence thereon. Following 

confirmation of the correct sequence (mcluding the flanking Hindlll sequences), the entire 

sequence was shuttled into pcDNA3.l(-) (Invitroge~, cat. no. V795-20) by subcloning using 

the Hindlll restriction site of that ~ector. The correct orientation for the Gsa sequence was 

determined after subcloning into pcDNA3.1(-). The modified pcDNA3J(;.) containing the 

rat Gsa gene at HindIII sequence was then verified; this vector was now available as a 

"universal" Gsa. protein vector. The pcDNA3.1(-) vector contains a variety of well-known 

restriction sites upstream of the HindilI 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 create other ''universal" G protein vectors, and, 

of course, other commercially available or proprietary vectors kn.own 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-Gsa Fusion Protein construct was made as follows: primers utilized were as 

follows: 

5'-gatcTCTAGAATGCAGGGTGCAAATCCGGCC-3' (SEQ. ID. NO. 3, sense) 

5'-ctagGGTACCCGGACCTCGCTGGGAGACCTGGAAC-3' (SEQ.ID.NO. 4, antisense). 

The sense and anti-sense primers also con.tamed restriction sites for Xbal and ~pnI, respectively. 

These restriction sites are available upstream of the Hindlll site in the pcDNA3.l(-) vector. 
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PCR was then uti~ed to secure the respective receptor sequences for fusion within the 

Gscx. universal vector disclosed above, usllig the following protocol for each: 1 OOng cDNA for 

GPR6 was added to separate tubes containing 2ul of each primer (sense and anti-sense), 3uL of 

1 OmM d.NfPs, 1OuLof1 OXTaqPlus™ Precision buffer, 1 uL of TaqPlus™ Precision polymerase 

(Stratagene: #600211), and 80uL of water. Reaction temperatures and cycle times were as 

follows: the initial denaturing 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 minutes at 72°C was done for GPR6. 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 universal vector at the respective restriction site. The positive clones were isolated 

following transformation and determined by restriction enzyme digest; expression using 293 

cells was accomplished following the protocol set forth infra. ·The positive clone for 

GPR6:Gscx.-Fusion Protein was sequenced and made available for the di!ect identification of 

candidate compounds. See, SEQ.ID.N0.:5 for nucleic acid sequence and SEQ.ID.N0.:6 for 

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

EXAMPLE3A 

ASSSESMENT OF CONSTITUTIVE ACTIVITY USING 
ADENYLYL CYCLASE ASSAY. . . 

A Flash Plate™ Adenylyl Cyclase kit (New England Nuclear; Cat No. SMP004A) 

designed for cell-based assays can be modified for use with 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 twenfy-four hours after transient 

transfection. Media was carefully aspirated off and discarded. 1 Oml of PBS was gently 

added to each dish of cells followed by careful aspiration. lml of Sigma cell dissociation 

buffer and 3ml of PBS were added to each plate. Cells were pipeted off the plate and the cell 

suspension is collected into a SOml conical centrifuge tube. Cells were then centrifuged at 

room temperature at 1,100 rpm for 5 min. The cell pellet was carefully re-suspended into an 

appropriate volume of PBS (about 3m1/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 50xl04/well). 

cAMP standards and Detection Buffer (comprising 1 µCi oftraeer [1251 c.AMP (50 µ1] 

to 11 ml Detection Buffer) was prepared and maintained in accordance with the 

manufacturer's instructions. Stimulation Buffer (preferably prepared fresh) for screening and 

contained SOul of Stimulation Buffer, 3ul of test compound (12uM final assay concentration) 

and 50ul cells, Stimulation 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. SOul 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 atid 1 OOul total assay volume. The cells were th.en added to the wells and 
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incubated for 60 min at room temperature; lOOul of Detection Buffer containing tracer 

cAMP was then added to all the wells. Plates· were thc,m incubated an additional 2 hours 

followed by collllting in a Wallac MicroBeta scintillatipn counter. Values of cAMP/well 

were then extrapolated from a standard cAMP curve that is contamed within each assay plate. 

GPR6 and GPR6:Gscx.-Fusion-Protein were amilyzed as above and verified to be 

constitutively active, whereby GPR6:Fusion-Protein evidenced about a 4-fold increase in cAMP 

over GPR6 (see, Figure 1 ). In the context of screeiring of candidate compounds, when the goal 

is to identify inverse agonists, agonists or partial agonists, it is preferred that the signal 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:Gsa-

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 despite 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); 

EXAMPLE3B 
ASSESMENT OF CONSTITUTIVE ACTMTY USING. 

GTP :MEMBRANE BINDING SCINTILLATION PROXIMITY ASSAY 

Using [35S]GTPyS binding to measure constitutive activation can be advantageous in 

that: (a) [35S]GTPyS binding is generically applicable to all G protein-coupled receptors; and 

(b) [35S]GTPyS binding is proximal at the membrane surface, thereby making it less likely to 

pick-up molecules which affect; the intracellular cascade. Preferably, a GPCR:Fusion-Protein 

is utilized. The assay utilizes the ability of G protein-coupled receptors to stimulate 
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[35S]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 [35S]GTPyS 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, bincling buffer {lOOmM NaCl and lOmM MgCh), with 0.6 nM 

[35S]GTPyS and 12.5 µg membrane protein and 0.1 µM GDP for 60 minutes. The assay 

plates were then centrifuged at 4000rpm for 15 minutes at room temperature and then 

subsequently aspirated and_ c01.mted in a scintillation counter. 

Using this assay, enhanced binding of [35S]GTPyS 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 [35S]GTPyS binding for each receptor. The c.p.m. differentiai between the 

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

12.Sug/ml) increased .from approximately 6000 c.p.m to approximately 11,600 c.p.m. protein 

concentration. 

Results are presented in Figure 2 and evidence that GPR6 receptor (GPR6:Gsa.-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. 

EXAMPLE4A 
DIRECT IDENTIFICATION OF INVERSE AGONISTS AND AGONIST 

USING [35S]GTPyS ASSAY 
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Although we have utilized endogenous, constitutively active GPR6 for the direct 
" . 
. . ,; 

identification of candida~ compounds as, e.g., inverse: ~gOnists, for reasons that are not 

altogether ~derstood, inti;a."".assay variation can become .. exacerbated. Preferably, then, a 
. . . . . ; 

GPCR Fusion Protein, a~: 4isclosed above, is utilized. When such a protein is used, intra­

assay variation appears. tc> :·be substantially stabilized, ·wh~by an effective signal-to-noise 

ratio is obtained. ~s · has the beneficial result of allowing for a more robust direct 

identification of candidate oompounds. The following protocol is preferred: 

1. Membr8lle Preparation 
- . 

Membranes expressing the GPCR6:Gsa.-Fusion Protein (see Example 2) and.for use 

in the direct identification of candidate compounds as inverse agonists; agonists or partial 

agonists were prepared ~ follows: 

(a) Materials 

Membrane Scrape Buffer W8EJ comprised of 20mM HEPES and lOmM EDTA, pH 7.4; 

Membrane Wash Buffer was comprised of20 mM HEPES and 0.1 mM EDTA, pH 7.4; Binding 

Buffer was comprised of 20mM HEPES, 100 mM NaCl, and 10 mM MgC12, pH 7.4 

(b) Procedure 

All materials were kept on ice throughout the procedure. Firstly, the media was 

aspirated from a confluent monolayer of cells, followed by rinse with lOml cold PBS, followed 

by aspiration. Thereafter, Sml of membrane Scrape Buffer was added to serape cells; this was 

followed by transfer of cellular extract into 50ml centrifuge tilbes (centrifuged at 20,000 rpm for 

17 minutes at 4°C). Thereafter, the supernatant was aspirated and the pellet was resuspended in 

30ml Membrane Wash Buffer followed by centrifuge at 20,000 rpm for 17 minutes at 4°C. The 

supernatant was then aspirated and the pellet resuspended in Binding Buffer. This was then 
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homogenized using a Brinkman polytron™ homogenizer (ts"-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 was 

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). 

(b) Procedure 

Duplicate tubes were prepared, one including the membrane, and one as a control 

''blank''. Each contained. 800ul Binding Buffer. Thereafter, lOul of Bradford Protein 

Standard (lmg/ml) was added to each tube, and 1 Oul 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 lde11.tification Assay · 

(a) . Materials 

GDP Buffer consisted of 37.5 ml Bimling Buffer and 2m.g GDP (Sigµia, cat. no. G-

7127), followed by a series of dilutions in Binding B~er to obtam 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 lOOul GDP Buffer (final concentration, 

O.luM GDP), 50ul Membrane Protein (12.5ug) in Binding Buffer, and 50ul [35S]GTPyS (0.6 

nM) in Binding Buffer (2.S ul [35S]GTPyS per 1 Oml 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 expression vector 

excluding the GPR6:Gsa.-Fusion Protein, as control), were homogenized briefly until in 

suspension. Protein concentration·was then determined using the Bradford Protein Assay set 

forth above. Membrane Protein (and control) was then diluted t~ 0.25mg/ml in Binding 

Buffer (final assay concentration, 12.Sug/well). Thereafter, 100 u1 GDP Buffer was added to 

each well of a Wallac Scintistrip™ (Wallac). A Sul pin-tool was then used to transfer 5 ul of 

a candidate compound into such well (i.e., Sul in total assay volume of 200 u1 is a 1 :40 ratio 

such th.at the final screeping concentration of the candidate compound is lOuM). Again, to 

avoid contamination, after each transfer step the pin tool was rinsed in three reservoirs 

comprising watC?I (lX), ethanol (IX) and water (2X) - excess liquid should be shaken from 

the tool after each rinSe and dried with paper towels and kimwipesTM. 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 minutes at room 
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temperature (the plates were covered with foil in that the candidate compounds obtained from 

Tripos are light sensitive). Thereafter, 50 u1 of [35S]GTPyS (0.6 nM) in Binding Buffer was 

added to each well, followed by incubation on a shaker for 60 minutes at room temperature 

(ag~ 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 asi)irated 

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 manufacturer instructions). 

EXAMPLE4B 
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 possible, using the techniques disclosed 

herein, to directly identify candidate compounds that modulate the orphan receptor as inverse 

agonists, agonists and partial agonists, directly from a primary screen; indeed, the methods 

disclosed herein are sensitive enough to allow for direct identification 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-based 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 th.en re-tested in the same assay to 

reconfirm. their inverse agonist activity. If primary assay hits were reconfinned 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 
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(geared towards; e.g., improvement in the characteristics of the compounds) whereby the 

directed library compooods (Arena Pharmaceuticals, Inc., San Diego CA) were then 

evaluated: The last step in secondary assay evaluation was to determine if test compooods 

were capable of inhibiting cA.l\1P accumulation (i.e., adenylate cyclase.:-based assay, disclosed 

below in Example 4C). · This final assay . confirms that the directly identified compounds 

retained inverse agonist pl'9perties. 

A representative screening assay plate (96 well format) resultis presented in Figure 3. 

Each bar represents the results for a different compoood in each well, plus the GPR6:Gs 

Fusion Protein. The representative results presented in Figure 3 also provide standard 

deviations based upon the mean results of each plate ("m") and the mean plus two standard 

deviations (''m+2sd'') and the mean minus two standard deviations ("m-2sd''). Our arbitrary 

preference for selection of inverse agonists as ''leads" from the primary screen involves selection 

of candidate compounds that reduce the per cent response by at least the mean plate respome, 

minus two standard deviations. Based on this selection process, the candidate compounds in the 

following wells were directly identified as putative inverse agonists to the GPR6 receptor: A7; 

B2; F6; G6 and H6. Further evaluation (using a non-GPR6 receptor) of compounds 

designated in wells A7, B2, F6 and G6 indicated that these 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 compound of well H6, designated 

"AREl 12" was selected for further evaluation. 

It is preferred that· following such direct identification, ICso (inverse agonist) or ECso 

( agonist) values be. determined; those having ordinary skill in the art are credited with utilizing 
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ICso and EC50 assay protocols of choice. Figure 4 provides a representative ICSO curve for 

compound AREl 12 using the assay protocol of Example 4A 

EXAMPLE4C 
CYCLIC AMP CONFIRMATION ASSAY 

Using an independent assay approach to provide confirmation of a directly identified 

candidate compound as set forth above, it is preferred that a confirmation 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 utilized for confirmation of candidate compounds directly identified as inverse 

agonists and agonists to endogenous, constitutively activated orphan GPCRs in 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 lOmM MgCh. Homogenization was performed on ice using a Brinkman 

Polytron™ 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 rpm for 20 minutes at 4°C. The resulting pellet can be 

stored at M80°C until utilized. On the day of direct identification screening, the membrane 

pellet is slowly thawed at room temperature, resuspended in buffer contallring 20m.M 

HEPES, pH 7.4, 1 OOmM NaCl and 1 OmM MgCLz, to yield a final protein concentration of 

0.60mg/ml (the resuspended membranes are placed on ice until use). 
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cAMP standards and Detection Buffer (comprising 2 µCi of tracer [1251 cAMP (50µ1] 

to 11 ml Detection Buffer) were prepared and maintained in accordance with the 

manufacturer's instructions. Assay BU:ffer was prepared fresh for screening and contained 

20mM HBPES, pH 7.4, lOOm.M NaCl, lOmM MgCh, 20mM phospocreatine (Sigma), 0.1 

units/ml creatine phosphokinase (Sigma), 50 µM GTP (Sigma), 0.2 mM ATP (Sigma) and 

0.6mM isobutyl-methyl xanthine (IBMX); Assay Buffer can be stored on ice until utilized. 

Candidate compounds identified as per above (if frozen, thawed at room temperature) 

were added to plate wells (3µ1/well; 12µM final assay concen1rati.on), together with 50 µ1 

Membrane Protein (30µg/well) and 50µ1 of Assay Buffer. This admixture was then incubated 

for 30 minutes at room temperature, with gentle shaking. 

Following the incubation, 100µ1 of Detection Buffer was added to each well, followed 

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

MicroBeta™ plate reader using ''Prot #31" (as per manufacturer instructions). 

The following Table A lists the ICso values determined utilizing the foregoing cAMP · 

assay. 
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Table A 

Assay ICso Values Maximum Minimum 
· NumberFor (nM) (c.p.m.) (c.p~m.) 

Compound cAMP 
ARE112 

1 88.3 138.1 4.3 
2 77.39 128.5 2.7 
3 99.00 125.7 3.2 

Preferably, for ICso determinations, the 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 parameters can be a matter of choice for the artisan, depending upon the 

particular needs of the artisan. 

EXAMPLES 
SCREENING OF DIRECTED LIBRARY 

Based upon the foregoing results, structure activity analysis of the AREl 12 

compound suggested that a series of derivatives of AREl 12, N-{5,6-dihydro-3H-imidazo[2, 1-

c]-1,2,3-dithiazol-3-ylidene), as well as derivatives of ARElll N-{2-thioxo-imidazolidine-1-

carbothioyl) would exhibit similar GPR6 inverse agonist activity and selectivity. A directed 

library series of derivatives of N-(5,6-dihydro-3H-imidazo[2,l-c]-1,2,3-dithiazol-3-ylidene) 

and of N-(2-thioxo-imidazolidine-1-carbothioyl) were synthesized (see Examples 8 and 9, 

infra). ICso values were determined using the assays indicated below, by taldng 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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TableB 

Compound ICso Values ICso Values 
Identifier (;TPAssay Cyclic AMP Assay 

Example4A .Example4C 
(µM) (µM) 

ARElll 2.79 +/- 1.14 (4) 1.96 +!- 251 (4) 

ARE112 0.42 +/- 0.24 (12) 0.10 +/- 0.07 (5) 

ARE113 100 +/- 110 (4) N/D 

ARE114 0.44+/- 0.46 (3) 0.17 +/- 0.01 (2) 

ARE115 1.57 +/~ 1.748 (5) 3.65 +/- 3.45 (8) 

ARE116 0.57 +/- Q.24 (7) 0.17 +/-0.05 (5) 

ARE117 200 (3) . N/D 

ARE118 0.65 +/- 0.67 (3) 0.37 +/- 0.18 (6) 

ARE119 0.45 +/- .12 (3) 1.97 +/- 1.53 (3) 

ARE120 0.64 +/- 0.25 (6) 0.27 +/- .02 (5) 

ARE12l 122 +/- 100 (5) 55 +!-96 (4) 

ARE122 0.83 +/- 0.12 (2) 0.21+/-0;19 (2) 

ARE123 56 +/- 95 (4) 51+/-98 (4) 

ARE124 0.31+/-0.11 (4) 0.40 +/- 0.25 (3) 

ARE125 3.8 +/- 3.5 (3) 120 +/- 100 (5) 

ARE126 0. 79 +/- 0.08 (3) 0.14 +/- 0.04 (2) 

ARE127 1.25 +/-0.22 (3) 0.48 +/- 0.40 (4) 

ARE1128 0.37 +/- 0.02 (2} 0;20 +/- 0.13 (6) 
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ARE129 3.19 +/- 3.63 (3) 2.62 +/- 4.26 (4) 

ARE130 0.22 +/- 0.22 (3) 0.24 +/- 0.19 (5) 

ARE131 43 +/-87 (5) 200 (4) 

.ARE132 0.35 +/- 0.35 (2) 0.10 +/- Q.01 (2) 

ARB133 0.11+/-0.11 (4) 0.17 +/- 0.07 (5) 

ARE134 0.41 +/- 0.26 (6) 0.19 +/- 0.19 (4) . 
.ARE135 100 +/- 130 (2) 0.71 +/- 0.74 (4) 

ARE136 0.17 +/- 0.07 (3) 0.17 +/- 0.13 (5) 

ARE137 200(3} 100 +/- 100 (2) 

ARE138 0.45 +/- 0.16 (3) 0.13 +/- 0.07 (3) 

ARE139 0.26 +/- 0.22 (3) 4.52 +/- 3.14 (3) 

ARE140 0.13 +/- 0.06 (3) 0.19 +/- 0.21 (5) 

ARE143 68.29 +/- 0.11 (3) 160 +/- 0.09 (5) 

ARE144 0.25 +/- 0.03 (3) 0.11 +/- 0.05 (2) 

ARE148 0.46 +/- 0.27 (4) 0.35 +/- 0.21 (5) 

ARE149 2.43 +/- 2.12 (4) 5.83 +/- 4.95 (3) 

ARE150 0.33 +/- 0.07 (2) 0.10 +/- 0.19 (3) 

ARE151 200 (3) 200 (3) 

ARE152 0.1897 (3) N/D 

ARE153 2.46 +/- 0.42 (3) N/D 

ARE154 200 (3) 80 +/- 103 (3) 

15F155 6.56 +!- 2.0 (3) 0.85 +/- 0.24 (3) 
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I .ARElS() · I . 0.67 +/- 0.11 (3) 

N/D = data not yet determined 

EXAMPLE6 
IN VIVO ANALYSIS 

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

PCTIUS00/04945 

0;133+/- 0.06 (2) 

The profile of AREl 12 from the in vitro functional assays suggested that this 

compound· exhibits selective GPR6 inverse agonist properties. An in vivo assessment of 

GPR6 inverse agonist was accomplished by determining the .effects of ARB112 on food 

intake after food deprivation in rats. Food deprivation was used to induce higher than normal 

eating behavior (e.g., control/vehicle-treated 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 (IP) with 0, 6.7S, 13.S, 27 

and 54mg/kg of compowid AREl 12. After 30 min, rats were introduced to standard rat chow 

pellets and observed thereafter for a period of 6.S hours post-injection. 

Data evidence that animals treated IP with compouli.d AREl 12 exhibit decreased food 

intake, water intake and body weight gain. In Figure SA, at 1.5 hours after injection, vehicle 

treated animals consumed about 6grams o~ food, while AREl 12 treated (54mg/kg) consumed 

3g of food. As time progressed, the data indicate that vehicle-treated ate substantially more 

food (up to 14g at 6.S hours post-injection), while the AREl 12 treated, particularly anima1s 

treated with S4 mg/kg of AREl 12, consumed 4 g (see, Figure SA). Four and 5 fold 

decreases in water intake at doses of 27 and 54 mg/kg, respectively, w~e also evidenced by 

the data, which appear to parallel the decreased amo~t of food eaten. (See, Figure SB). 

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 - 1 lg weight gain; 27 and 54 mg/kg treatment 

- no weight gain (see, Figure SC). 

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 b9th 

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 

AREi 12 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/k:g 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 rats, the non-deprived rats also 

exln'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; control, n = 5) were treated once a day intraperitoneally with AR.El 12 for 22· days and 

assessed for a period of 60 days. On days 1 to 3, animals treated with dose of 13.Smg/kg 

initially lost body weight and between day 4 and day 31, animals gradually gained weight, I 

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.Smg/kg} indµces a long-term decrease in body 

weight in non-food deprived rats. See, Figure 11. · 

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

a. Surgery 

Animals were prepared with an ICV cannula aimed above the lateral ventricle. For this 

surgery, animals were placed under general anesthesia using continuous inhalation of isoflurane 

and secured in a Kopf stereotaxic instrument. Surgery was perfonned in a dedicated surgery 

room, using sterile instruments, ·surgical gloves and aseptic procedures to prevent clinical 

infections. The surgical site was shaved and disinfected with betadfue solution and alcohol. 

Animals were observed continuously for the level of anesthesia by testing for the ·animals' 

responses to tail- or paw-pinch. A cannula made of 23 gauge stalltless steel tubing (7mm long) 

was lowered to a point lmm above the ventricle, using coordinates: AIP -0.6 mm from bregma, 

MIL+/- 2.0 mm from bregma, DN 3.2 mm below skull surface. The guide was anchored to the 

skull with three stainless steel screws and dental cerrient. Coordinates were based on stereotaxic 

atlas such as Paxinos and Watson sterotaxic atlas (Paxinos; G. and Watson, C, The Rat Brain, 

New York,. Academic Press, 1982). After cannula implantation, a 30-gauge stainless steel 

dummy stylet was inserted mto the cannula. At the conclusion of surgery, a heat source (heat 

lamp directed towards one half of recovery cage) was used to mamtain body temperature while 

the animals recovered from anesthesia. Animals were allowed at least one 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 AREl 12 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) ~d of the injector cannula was attached to 60 cm of PElO tubing contallrlng 

the compound suspension, which was attached at the :free end of tubing to a 25µ1 Hamilton 

syringe. Ten microliters of AREl 12 suspension (containing, 0, 25, 50, and 1 OOnmol) 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 

µI 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 AREl 12 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 7 A. ·Treated animals (at 25 and 50 nmol) 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 lOOnmol of ARB112, the ICV treated 

animal gained substantially less weight (e.g., 5grams) when evaluated against the vehicle, which 

gained about 12 grams. See, Figure 7C. 

4. Effect of AREl12 on Motor Function 

The effect of AREl 12 on motor :function 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. Anjmals were under no motivational constraints and were free to move around the 

cage. 

Male Sprague-Dawley rats (n = 4-9 per dose) were administered AREl 12 {IP) prior to 

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

data, it can be concluded that AREl 12 does not affect locomotor activity where animals were 

exposed to locomotor activity cages for 1.5 hour immediately after injection of ARB112. 

While the data support the conclusion that AREl12 decreases locomotor·activity in rats 16 

hours post-injection (see, Figure 8), thus indicating that AREl 12 has some sedative activity, 

(e.g., the animals appear relaxed and demonstrate little to no anxiety-like behavior}, this 

sedative activity is mild and cannot, in and of itself: account fo_i the decrease in food intake. 

As further eVi.dence of this mild sedative activity, animals were measU:red to 

determine their startle reflexes. In this assay, AREl 12 was orally 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 6.7Smg/kg, in response to the pulse. This data 

further suggests th.at at a higher dosage of AREl 12, animals demonstrate a mild sedative 

activity. 

5. Oral Availability: .ARE112 

Based upon the in vivo data developed, oral bioavailability of compound AREl 12 was 

determined. The compound was administered by oral gavage at doses ranging 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 

deprived rats. The effect of AREl 12 was dose-dependent and comparable to the effect 

observed after IP administration. In Figure 9A, 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 54mg/kg 

of AREl 12, ate about 6 and 4 grams, respectively. As time progressed, the vehicle rat 

consumed significantly more, about 14 grams at 8 hours post-administration, while treated 

rats (at 27 and 54 mg/kg) consumed about 8 grams and 6grams, respectively. (See, Figure 

9A). 

. . 
In a second assay, rats were treated with ARE112 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 consumed about 15 grams of food while 

the injected rats (at all doses) ate Sgrams or less; about a three fold decrease in food 

consumption when treated with compound ARBl 12. (See, Figure 9B). These data support the 

conclusion that AREl 12 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 200µmol/kg, 

which is equivalent to 54mg/kg. In addition, ARE114 was also assessed at lOOµmol/kg 

(27µmol/kg). Data are summarized below in Table C: 
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TableC 

Analogs Cumulative·Food Cumulative Body Weight Gain (g) 
·Jntake(g) Water Intake (g) (6hrpost 
(Shr·post (6hrpost · administration) 

administration) administration) 
Vehicle 145 22.9 . 20.3 

ARE114 10.8 15.3 13.6 
(1 OOµmoVk:g) 

ARE114 8;68 10.6 6.18 
{200µmoVk:g) 

ARE120 9.88 18.5 11.4 
(200µmoVk:g) 

ARE128 7.93 8.5 4.03 

(200µmoVk:g) 

In a second assay, tested under the same conditions, several other analogs were 

assessed at 100µ.mol/k:g. Data are summarized below in Table D. 

TableD 

Analogs Cumulative Food Cumulative Water Body Weight Gain (g) 
(lOOµmol/kg) Intake(g) Intake(g) (6hr post administration) 

(8hrpost (6hrpost 
administration) administration) 

Vehicle 14.0 19.25 19.25 

ARE112 8.1 10.5 6.25 

ARE130 9.1 9.5 9.5 

ARE135 13.5 195 19.5 

ARE136 9.0 15.25 11.0 

ARE140 9.6 20.0 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 lOOµmol/kg. Three analogs, particularly, ARE130, ARE136 and 

ARE140 evidenced a slow intake of food (e.g., about 1to1.5 grams every two hours) over an 

eight hour period post-administration; while the vehicle rat consumed about 2 to 2.5 grams 

food every two hours. Similar to the vehicle rat, analog ARE135, an opened ring structure, 

evidenced that over an eight hour period post-administration the rats increasingly consumed 

about 2.5 grams every two hours. (See, Figure 1 OA). 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-ll grams and ARE140-14 grams. See, Figure 

lOC. 

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 ARB140 drank a comparable amount (i.e., about 19 grams). See, 

Figure lOB. These data suggests that the closed ring structures, preferably ARE112, 

ARE130, ARE136 and ARE140; more preferably AREl 12 and ARE130; and most preferably 

AREl 12, are specific to the G protein-coupled receptor six. 

Table E below lists several ICso values for the analogs of AREl 12. ICso values were 

derived using the GTP Assay as disclosed in Example 4A At low concentrations of analogs 

ARE130, ARE136 and ARE140 GPR6 is activated, thus stimulating the conversion of GTP 

to GDP. This data supports the suggestion that closed ring structures are selective inverse 

agonists for GPR6. 
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TableE 

Analogs ICso Values (µM) 
AJ,lB130 027 +/- 022 (3) 
ARE135 100 +/- 137 (2) 
.ARE136 O.J7+/- 0.07 (3) 
ARE140 0.17 +/- 0.13 (5) 

.' 

EXAMPLE7 
GPR6 INVERSE AGONISTS 

Based upon the patent disclosure and the information provided herein, one of ordinary 

skill in the art is credited with the ability to directly identify candidate compounds as inverse 

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

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

direct identification. For agonists, the objective in the screening is to find small molecules that 

increase the measured signal. 

Below, we disclose our most preferred small mo~ecule GPR6 inverse agonists. It is 

recognized that various stereoisomeric forms of the compounds disclosed herein may exist. It is 

intended that the present invention include racemates, individual enantiomers, and mixtures 

thereof. 

1. Open Chain Aryl Series 

As a first series of GPR6 inverse agonists, ·disclosed are "open chain aryls" 

represented structurally as follows (note: ifthe selection of one or more.ofR8
, R.9, R10

, and 

R 11 results in an asymmetric or diastereomeric molecule, then the racemic mixtures, the 

diastereomeric mixtures and each of the separated(+) and(-) enantiomers or diastereomers 

are within the scope of the disclosed series, and within the scope of the claims to follow): 
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wherein R1, R2, R3, R4
, and Rs are each independently selected from the following: 

OPO(OR12)2, SR12, SCF3, SCFiR.12, SCF2CFiR.12, SCQR12, S03R12, SOi,NR.13R14, PO(OR12)3, 

PO(OR12)iR.12, N02, CN, CNR15(NR13R14), CNR15(SR12), COOR12, COSR12, CONR13R14, 

and 

wherein any two adjacent positions of R1, R2
, R3

, R4
, and Rs can be joined by a chain 

R6 and R7 are each independently selected :from H, C1-s straight chain alkyl, branched alkyl, 

CJ-s cycloalkyl, C4-9 alkylcycloalkyl or cycloalkyla1kyl, Ci-s alkenyl, aryl and alkylaryl; 

R8
, R', R10

, and R11 ~ each independently selected from H, C1-s straight chain alkyl, 

branched alkyl, C3-s cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl, C2-8 alkenyl, aryl andr 

alkylaryl; 
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R12 is selected from H, C1.:s straight chain alkyl, branched alkyl;, C3-s cycloalkyl, C+9 

alkylcycloalkyl or cycloalkylalkyl, Cu alkenyl, aryl, alkylaryl, (CH2)nNR13R14, (CH2)mS0)H, 

and (CH2)mCOiH wherein n is 2 through 6 and mis 1 through 6; 

R13 and R14 are each independently selected from H, C1-s straight chain alkyl, bran~hed alkyl, 

Ci.8 alkenyl, cycloalkyl, alkylcycloalkyl, cycloalkylalkyl, aryl, and CH2aryl, wherein each 

said aryl group or said aryl portion of said CH2aryl group may be optionally substituted by up 

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

from: 

F, Cl, Br, I, CF3, CCl3, CH3, C2Hs, C3H1, CJI9, NH2, NHCH3, N(CH3)2, NHC2Hs, 

N(Cilis)2, NHC3H1, N(C3H1)2, NHC4EJ9, N(C.µ!9)2, NHCOH, NHCOCH3, 

NHCOC2Hs, NHCOCJli1, $COC.µ!9, NHS02CH3, NHS02Cills, NHS02C3H1, 

NHS02C~9, OH, OCH3, OCzlis, QC3H1, OC.ilI1, OC.µ!9, OCsH9, OCsH11, OC6H11, 

OC<J!13, OCF3, OCOCH3, OCOCiHs, OCOCJH1, OCOC.JI9, OS02CH3, OS02Cilis, 

OS02C3H1, OS02C4fl9, SH, SCH3, SCiHs, SC3H7, SC~1, SC,JI9, SCsH9, SCsHn, 

SC<Jl1i, SC6H13,, SCF3, SCOCH3, SCO®s, SCOC3H1, SCOC~9, S03CH3, 

SQ3Cifls, S03C3H1, S03CJI9, SO:iNH2, SOiNifCH3, SOiN(CH3)2, SOiNHCiHs, 

SOiN(Cilis)2, S02NHC3H1, SOiN(C3H1)2, SQ2NHC,Jl9, SO.iN(CJ!9)2, N02, CN, 

COOCH3, COOC2l!s, COOC3H1, COOCJ!9, COSCH3, . COSC2l!s, COSC3H1, 

COSC.ilI9, CONH2, CONHCH3, CON(CH3)2, CONH®s, CON(Cilis)2, CONHC3H1, 

CON(C3H1)2, CONHC,JI9, CON(CJ!9)2, and 

wherein when R13 and/or R14 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, 

CH2CH2CH2<?I2. CHCHCH2, CH2CH2CH2, CH2CH2, SCH2S, SCH2CH2S, 

OCH20, and OCH2CH20 to form a bi-cyclic structure; or 

R13 and R14 may form part of a 5, 6 or 7 membered cyclic structure which may 

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

·selected from 0, 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, CF3, CCl3, CH3, ~Hs, C3H1, C.Jl9, NH2, NHCH3,N(CH3)2, 

NHCilis, N(C2H.s)2, NHC3H1, N(C3H1)2, NHC.µf9, N(C4ff9)2, 

NHCOH, NHCOCH3, NHCOCiHs, NHCOC.3li1, NHCOC.µf9, 

NHS02CH3, NHSOiC2H.s, NHSQiC3H1, NHS02C.ill9, OH, OCH3, 

OCllis, OC3H1, OC.iH1, OC,µ!9, OCsH9, OCsH11, OC6H11, OC(;ll13, 

OCF3, OCOCH3, OCOC.zHs, OCOC3H1, OCOC.µf9, OSQiCH3, 

OS02Cilis, OS02C3li1, OS02C,µ!9, SH, SCH3, SCilis, SC3H1, SC£1, 

SC,µ!9, SCsH9, SCsHn, SC~u, SC6ff13,, SCF3, SCOCH3, SCOCifls, 

SCOC3H1, SCOC.µf9, S03CH3, S03C:ilis, S03C3H1, S03C,µJ9, 

S02NH2, SOiNJICH3,. S02N(CH3)2," SOiNHCills, S02N(C:ilis)2, 

SOiNHC3H1, SOiN'(C3H1)2, SOiNHC,µ!9, SO:iN(C,µ!9)2, N02, CN, 

COOCH3, COOCilis, COOC3H1, COOC£9, COSCH3, COSC2lls, 

COSC3H1, COSC£9, CONH2, CONHCH3, CON(CH3)2, CONHC2Hs, 

CON(Cills)l, CONHC3H1, CON(C3H1)2, CONHC.ill9, CON(C£9)2; 

or 
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. wherein ·when R13 and R14 forni an aryl ring Substituted ·at two adjacent 

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

chain selected from CHCHCHCH,. CH2CH2CH2CH2. CHCHCH2, 

CH2CH2CH2; CH2CH2, SCH2S, SCH2CH2S, OCH20, or OCH2CH20 to form a 

bi-cyclic structure; and 

R15 is selected from H, C1..s straight chain alkyl,· branched alkyl, C3_g cycloalkyl, C4_9 

alkylcycloalkyl or cycloalkylalkyl, and Cu alkenyl. 

The following provisos, preferentially noted, may apply whereby when R6
, R7

, R.8, R', R16, and 

R11 are all H, then at least one ofR1
, R2, R3 and R4 is other than H; and when R1, R2, R4, R5, 

R7 R8 R9 R16 andR11 areallH,thenR2 R3 andR4 arenotOCH. 
' ' '' . ' ' 3 

An "aryl moiety'' can be a 5 or 6 membered aromatic heterocyclic ring ( contallling up to four 

hetero atoms iridependently selected from N, 0, or S) or a six membered aromatic non-

heterocyclic ring or a polycycle; 

Examples of suitable C1_8 alkyl groups include, but art not limited to methyl, ethyl, n-propyl, 

i-propyl, ti-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 membered ring moieties include, but are not restricted to, phenyl, furanyl, 

thienyl, imidazolyl, pyridyl, pyrrolyl, oxazolyl, isoxazolyl, triazolyl, pyrazolyl, tetrazolyl, 
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thiazolyl and isothiazolyl. Examples of polycycle moieties include, but are not res1ricted to, 

naphthyl, benzothiazolyl, benzo:furanyl, benzimidazolyl, quinolyl, isoquinolyl, .indolyl, 

quinoxalinyl, quinazolinyl and benzotbienyl. 

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

receptor with a small molecule structurally represented as follows: 

wherein R1
, R2

, R3
, R4

, and R5 are each independently selected from the following: 

H, F, Cl, Br, I, R12, CF3, CFiR12, CF2CF2, CCl3, CCliR12, CCliCCl:zR.12
, NR13R14

, 

NR15COR12, NR15S<hR.12, 0R12, OCF3, OCF:zR.12, ocF2CF:zR12, ocoR12, os0iR12, 

OPO(OR12)2, SR12, SCF3, SCF:zR.12, SCF2CF2R12, SCOR12, S03R12, SOiNR13R.14, PO(OR12)3, 

PO(OR12):zR12, NOi, CN, CNR15(NR13R14), CNR.15(SR12), COOR12, COSR12, CONR13R14, 
and 

wherein any two adjacent positions ofR1
, R2

, R3
, R4

, andR5 can be joined by a chain 

selected from CHCHCHCH, CH2CH2CH2CH2. CHCHCH2, CH20I2CHi. CH2CHi, 

SCH2S, SCH2CH2S, OCH20, and OCH2CH20 to form a bi-cyclic structure; 

R6 and R7 are each independently selected from H, C1-s straight chain alkyl, branched alkyl, 

C3-s cycloalkyl, C+9 alkylcycloalkyl or cycloalkylalkyl, C2-s alkenyl, aryl and aikylazyl; 
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R8
, R9, R18

, and R11 are each independently selected from H, C1-s straight chain alkyl, 

branched alkyl, C3-s cycloalkyl; C4-9 alkylcycloa1kyl or cycloa1k.ytalkyl, C2-s alkenyl, aryl andr 

alkylaryl; 

R12 is selected :from H, C1-s straight chain alkyl, branched alkyl, C3-s cycloalkyl, C4_9 

alkylcycloalkyl or cycloalkylalk.yl, Ci-s alkenyl, aryl, alkylaryl, (CH2)nNR13R1~ (CH2)mS03H, 

and (CH2)mCOiH wherein n is 2 through 6 and mis 1 through 6; 

R13 and R14 are each independently selected from H, C1_8 straight chain alkyl, branched alkyl, 

C2-s alkenyl, cycloalk.yl, alkylcycloalk:yl, cycloalk.ylalkyl, aryl, and CH2aryl, wherein each 

said aryl group or said aryl portion of s'aid CH2aryl group may be optionally substituted by up 

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

from: 

F, Cl, Br, I, CF3, CCl3, CH3, C2Hs, C3H1, C4H9, NH2, NHCH3, N(CH3)2, NHCaHs, 

N(Cilis)l, NHC3H1, N(C3H1)2, NHCJl9, N(CJl9)2, NHCOH, NHCOCH3, 

NHCOCilis, NHCOC3H1, NHCOCJl9, NHS02CH3, NHS02Cilis, NHS02C3H1, 

OC()lin, OCF3, OCOCHJ, OCOCiHs, OCOC3H1, OCOCJl9, OS02CH3, OS02Cilis, 

OSQiC3H1, OS02C4Il9, SH, SCH3, SCiHs, SC3H1, SC¥!1, SCJ19, SCsHg, SCsHn, 

. 
S03C:zHs, S03C:JI1, S03CJ19, S02NH2, SOiNHCH3, SOiN(CH3)2, SOiNHCilis, 

SOiN(Cilis)2, S02NHC3H7, SQiN(C3H1)2, SOiNHCJl9, SOiN(CJl9)2, N02, CN, 

COOCH3, COOC:zHs, COOC3H1, COOC~g, COSCH3, COSCilis, COSC3H1, 
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COSC.iii9, CONH2, CONHCH3, CON(CH3)2, CONHCilis, CON(Cilis)2, CONHC3H7, 

CON(C3H1)2, CONHC.iii9, CON(CJI9)2, and 

wherein when R13 and/or R14 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, 

CHiCH2CH2CH2, CHCHCH2, CHiCHiCH2, CH2CH2, SCH2S, SCH2CH2S, 

OCH20, and OCH2CH20 to form a bi-cyclic structure; or 

R13 and R14 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 0, 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, CF3, CCl3, C~, CiHs, C3H1, C.iii9, NH2, NHCH3,N(CH3)2, 

NHC2Hs, N(CiH.s}i, NHC3H1, N(C3H1)2, NHC.,Jl9, N(C.,JI9)2, 

NHCOH, NHCOCH3, NHCOCilis, NHCOC3H1, NHCOC£9, 

NHS02CH3, NHS02CiHs, NHS02C3H1, NHS02C.tll9, OH, OCH3, 

OCilis, OC3H1, OC.tll1, OC,JI9, OCsff9, OCsHu, OC<>lin, OCcJi13, 

OCF3, OCOCH3, OCOC:Jls, OCOC3H1, OCOC£9, OS02CH3, 

OSOiC2Hs, OS02CJH1, OS02C.tll9, SH, SCH3, SCilis, SC3H1, SC4H1, 

SC.tll9, SCsH9, SCsH11, SC()!I11, SC6li13,, SCF3, SCOCH3, SCOCills, 

SCOC3H1, SCOC£9, S03CH3, S03Ciffs, S03C3H1, S03C,£9, 

SOiNH2, SO:iNliCH3, SOiN°(CH3)2, SOiNHC:Jls, SO.iN(Cilis)2, 

S02NHC3H1, SOiN(C3H1)2, S(hNHC.µ!9, S02N(C.µ!9)2, NOi, CN, 
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COOCH3, COOC2Hs~ COOC3H7, COOC.Jlg, COSCH3, COSC~s. 

COSC3H1, COSC.µ19, CONH2, CONHCH3, CON(CH3)2, CONH~, 

CON(~)2, CONHC3H1, CON(C3li1)2, CONHC,.Hg, CON(C.iH9)2; 

or 

wherein when R13 and R14 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, CH2CH2CH2CH2, CHCHCH2, 
I 

bi-cyclic structure; and 

R15 is selected from H, C1-s straight chain alkyl, branched ·alkyl-, C3.3 cycloalkyl, C+9 

aJkylcycloalkyl or cycloalk:ylalkyl, and C2-8 alkenyl. 

2. Closed chain aryl series 

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

structurally as follows: 

wherein R1
, R2

, R3
, R4

, and R5 are each independently selected from the following: 

H, F, Cl, Br, I, R12~ CF3,·CF:zR.12, CF2CF2, CCh, CCli,R.12, CCI2CCl:zR_12, NR13R14, 

NR15COR12, NR15S(hR12, OR12, OCF3, OCFiR.12, OCF2CFiR.12, OCOR12, OSOiR.12, 
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OPO(OR12)2, SR12, SCF3, SCF~12, SCF2CFiR.12, SCOR12, S0~12, S(hNR13R.14, PO(OR12)3, 

PO(OR12)iR,12, N~, CN, CNR15(NR13R14), CNR15(SR12), COOR12, COSR12, CONR13R14, 
and 

wherein any two adjacent positions of R1
, R2, R3

, R4, and R5 can be joined by a chain 

selected :from CHCHCHCH, C&CH2CH2CH2, CHCHCH2, CH2CH2CH2, CH:iCH2, 

SCH2S, SCH2CH2S, OCH29, or OCH2CH20 to form a bi-cyclic structure; 

R8
, R.9, R10

, and R11 are each independently selected :from H, C1-s straight chain alkyl, 

branched alkyl, C3-s cycloalkyl, C4-9 alkylcycloalkyl or cycloalk:ylalkyl, C2-s alkenyl, aryl and 

alkylaryl; 

R 12 is selected from H, C1.8 straight chain alkyl, branched alkyl, C3-s cycloalkyl, C4.9 

alkylcycloalkyl or cycloalk:ylalkyl, C2.s alkenyl, aryl, alkylaryl, (CH2)nNR1~14, (CH2)mSO~, 

and (CH2)mCOi.H wherein n is 2 through 6 and mis I through 6; 

R13 and R14 are each independently selected :from H, C1•8 straight chain alkyl, branched alkyl, 

Ci-s alkenyl, cycloalkyl, alkylcycloalkyl, cycloalkylalkyl, aryl and CH2aryl, wherein each said 

aryl group or said aryl portion of said CH2aryl group may be optionally substituted by up to 

four substituents in any position independently selected :from: 

F, Cl, Br, I, CF3, CCl3, CH3, Ci.Hs, C3H1, C,Jl9, NH2, NHCH3,N(C~)2, NHCJ!s, 

N(Cllish, NHC3H7, N(C3H1)2, NHC4fl9, N(C,J19)2, NHCOH, NHCOCH3, 

NHCOCiHs, NHCOC:JI1, NHCOC1H9, NHS02CH3, NHS02Ciffs, NHS02C3H1, 

NHSOiC~9, OH, OCH.3, OCiHs, OC3H1, OC.JI1, OC,Jl9, OCsH9, OCsHth OCGII1i, 
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OCtJI13, OCF3, OCOCH3, OCOC:zHs, OCOC3H1, OCOC4ff9, OS02CH3, OS02C:zlls, 

OS02C3H1, OS02C4fl9, SH, SCH3, SCills~ SC3H1~ SC.µ11, SC.µ19, SCsH9, SCsHn, 

SC6Hn, SC6H13~, SCF3, · SCOCH3, SCOC2Hs, SCOC3H1, SCOC,.H9, S03CH3, 

S03C:zlls, S03C3H1, S03C4H9, · SOiNH2,. S02NHCH3; SOiN'(CH3)2, SOiNHC2Hs, 

SO:iN(Cilis)2, S02NHC3H1, S02N(C3H1)2, SOiNHC~9, SOiN(C~9)2, N02, CN, 

COOCH3, COOC:zHs, COOC3H1, COOC,Jl9, COSCH3, COSC2Hs, COSC3H1, 

COSC.Jl9, CONH2, CONHCH3, CON(CH3)2, CONHCiHs, CON(C:Jls)2, CONHC3H1, 

CON(C3H1)2, CONHC,Jl9, CON(C4fl9)2; and. 

wherein when R13 and/or R14 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, CH2CH2CH2CH2, CHCHCH2, 

CH2CH2CH2, CH2CH2, SCH2S, SCH2CH2S, OCH20, or OCH2CH20 to form a 

bi-cyclic structure; or 

R13 and R14 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 0, 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, CCh, CH3, CiHs, C3H1, C4H9, NH2, NHCH3,N(CH3)2, 

NHCilis, N(CiHs)2, NHC3H1, N(C3H1)2, NHC,Jl9, N(C.Ji9)2, 

NHCOH, NHCOCH3, NHCOCilis, NHCOC3H1, NHCOC4ff9, 

NHS02CH3, NHS02C:Jls, NHS{hC3H1, NHS02C~9,. OH, OCH3, 
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OCF3, OCOCH3, OCOCzlis, OCQC3H1, OCOC4ff9, OS02CHa, 

OS02CiHs, OS02C~1, OS02C4H9, SH, S~, SCilis, SC3H1, SC4EI1, 

SC41I9, SCsH9, SCsHn, SCt;li1i, SCt;}I13,, SCF3, SCOCH3, SCOCilis, 

'· 

SOiNHC3H1, SO:zN(C3H1)2, SOiNHCJl9, SOiN(C~9)2, NOi, CN, 

COSC3H1, COSCJl9, CONH2, CONHCH3, CON(CH3)2, CONHCiHs, 

CON(C:ilis)2, CONHC3H1, CON(C3H1)2, CONHC~9, CON(CJl9)2, 

. and 

wherein when R13 and R14 form an aryl ring substituted at two adjacent 

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

cham selected from CHCHCHCH, CH2CH2CH2CH2, CHCHCH2, 

CH2CH2CH2, CH2CH2, SCH2S, SCH2CH2S, OCH20, or OCH2CH20 to form a 

bi-cyclic structure; and 

R15 is selected from H, C1-8 straight ~hain alkyl, branched alkyl, C3_8 cycloalkyl, C4.g 

alkylcycloalkyl or cycloaJkylalkyl, and Cz..s alkenyl; 

The following provisos, preferentially noted, may apply whereby when R6
, R7

, R8
, R.9, R10

, and 

R11 are all H, then at least one ofR1, R2
, R3 and R4 is other than H; and when R1, R2

, R4
, R5

, 
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R6
, R7, R8

, R', R10
, and R1~ are all H, then R3 is not Cl, CH3, or OCH3; and when R1, Rs, R6, 

R7
, R8, R', R.1°, and R11 are allH, then R2

, R3
, and R4 are not OCH3. 

An· "aryl moiety'' can be ~ 5 'or 6 membered aromatic heterocyclic ring (containing up to 4 

hetero atoms independently selected ·from N, 0, or S) or a 6 membered aromatic non-

. heterocyclic ring or a polycycle. · 

Examples of suitable C1.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, tetrazolyl, 

thiazolyl and isothiazolyl. Examples of polycycle moieties include, but are not restricted to, 

naphthyl, . benzothiazolyl, benzofuranyl, benzimidazolyl, quinolyl, isoquinolyl, indolyl, 

quinoxalinyl, qliinazolinyl and benzotbienyl. 

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

receptor with a small molecule structurally represented as follows: 

wherein R1
, R2

, R3
, R4

, and Rs are each independently selected from the following: 
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H, F, Cl, Br, I, R12, CF3, CFiR..12, CF2CF2, CCla, CCliR..12, CClaCCliR..12, NR13R14, 

NR15COR12, NR.15SOiR12, OR12, OCF3, OCFiR..12
, OCF2CFiR12, OCOR12, OSOiR..12, 

OPO(OR12)2, SR12, SCF3, SCFiR..12, SCF2CFiR12, SCOR12, S03R12, S0~13R14, PO(OR12)3, 

PO(OR12)2R12, NC>i, CN, CNR15(NR.13R14), CNR15(SR12), COOR12, COSR12, CONR13R14, 

and 

wherein any two adjacent positions ofR1
, R2

, R3
, R4

, and R5 can be joined by a chain 

selected from CHCHCHCH, CH2CH2CH2CH2, CHCHCH2, CH2CBiCH2, CH2CH2, 

SCH2S, SCH2CH2S, OCH20, or OCH2CH20 to form a bi-cyclic structure; 

R8
, R9

, R10, and R11 are each independently selected from H, C1-s straight chain alkyl, 

branched alkyl, C3.8 cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl, C2.g alkenyl, aryl and 

alkylaryl; 

R12 is selected from H, Ct-8 straight chain alkyl, branched alkyl, C3.s cycloalkyl; C4-9 

alkylcycloalkyl or cycloalkylalkyl, C2-s alkenyl, aryl, alkylaryl, (CH2)nNR13R14, (CH2)mS~H, 

and (CH2)mCOill wherein n is 2 through 6 and mis 1 through 6; 

R13 and R14 are each independently selected from H, C1-s straight chain alkyl, branched alkyl, 

C2-8 alkenyl, cycloalkyl, alkylcycloalkyl, cycloalkylalkyl, aryl and CH2aryl, wherein each said 

aryl group or said aryl portion of said CH2aryl group may be optionally substituted by up to 

four substituents in any position independently selected from: 

F, Cl, Br, I, CF3, CCl3, CH3, Calis, C3H1, C,µ{9, NH2, NHCH3, N(CH3)M. NH~Hs, 

N(Cills)2, NHC3H1, N(C3H1)2, NHC~9, N(C4li9)2, NHCOH, NHCOCH3, 
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NHCOCilis, NHCOC~1, NHCOC£9, NHSQiCH3, NHS~Cilis, NHS02C3H1, 

NHS02C.JI9, OH, OCH3, OC:ills, OC3H1, OCJI1, OCJI9, OCsH9, OCsHu, OCcBn, 

OC6H13, OCF3, OCOCH3, OCOCilis, OCOC3H1, OCOC4li9, OS02CH3, OS~Cil!s, 

OS02C3H1, OS02C4EI9, SH, SCH3, SCills, SC3H1, SC4li1, SC4H9, SCslf9, SCsHu, 

SC6H11, SC6H13,, SCF3, SCOCH3, SCOCil!s, SCOC3H1, SCOC4flg, S03CH3, 

S03Cills, S03C3H1~ S03C.Jl9, SChNH2, SOiNHCH3, S02N(CH3)2, S{hNHCiffs, 

SOiN(Cills)2, SOiNRC3H1, SOiN(C3H1)2, SOiNHCiili9, S02N(CJ!9)2, N02, CN, 

COOCH3, COOCilis, COOC3H1, COOC£9, COSCH3, COSCiHs, COSC3H1, 

COSC.Jl9, CONH2, CONHCH3, CON(CH3)2, CONHCilis, CON(CiHs)2, CONHC3H1, 

CON(C3H1)2, CONHCJI9, CON(CJI9)2; and 

wherein when R13 and/or R14 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, CH2CH2CH2CH2, CHCHCH2, 

CH2CH2CH2, CH2CH2, SCH2S, SCH2CH2S, OCH20, or OCH2CH20 to form a 

bi-cyclic s:tructure; or 

R13 and R14 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 hetero_atoms selected from 0, 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, CCl3, CH3, Calls, C3H1, C£9, NH2, NHCH3,N(CH3)2, 

NHCilis, N(CiHs)2, NHC3H1, N(C~1)2, NHC,µJ9, N(CJ!9)2, 
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NHCOH, NHCOCH3, NHCO~, NHCOC~1, NHCOC.ili9, 

NHS02CH3, NHS02Cilis, NHS02C3H1, · NHS02CJ!9, OH, OCH3, 

OCiHs, OC3H1, OC£1, OC.ili9, OCsH9, OCsH1 i, OC6Ht i, OCGII13, 

OCF3, OCOCH3, OCOCzlis, OCOC3H1, OCOC.Jl9, OS02CliJ, 

OS02Cilis, OS02C3li1, OS02C4lisi, SH, SCH3, SCiHs, SC3li1, SC.JI,, 

SC.ilig, SCsH9, SCsHu, SC6H11, SC6ff13,, SCF3, SCOCH3, SCOCills, 

SCOC3H1, SCOC~g, S03CH3, S03C2Hs, S03C3H1, S03C4H9, 

S02NH2, S02NHCli3, SOiN(Cffi)2, SOiNHCiHs, S(hN(CiHs)2, 

SOiNHC3H1, SQiN(C3H1)2, SOiNHC~g, SOiN(C.1H9)2, N02, CN, 

COOCH3, COOCiHs, COOC3H1, COOC£9, COSCH3, COSCiHs, 

COSC3H1, COSC~g, CONH2, CONHCH3, CON(Cl!J)2, CONHCiHs, 

CON(Cills)2, CONHC3H1, CON(C3H1)2, CONHC4H9, CON(C£9)2, 

and 

wherein when R13 and R14 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, CH2CH2CH2CH2, CHCHCH2, 

CH2CHiCH2, CH2CH2, SCH2S, SCH2CH2S, OCH20, or OCH2CH20 to form a 

bi-cyclic structure; and 

R15 is selected from H, C1-s straight chain alkyl, branched alkyl, C3.3 cycloalkyl, C4.9 

alkylcycloalkyl or cycloalkylalkyl, andC.2-8 alkenyl; 

3. Open chain 6 membered heteroaryl series 
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A third series of GPR6 inverse agonists are "open chain 6 membered heteroacyls" 

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 CR1, CR2, CR3, CR~, and CR5, with the 

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

R1
, R2

, R3
, R4

, and Rs are each independently selected from the following: 

H, F, Cl, Br, I, R12, CF3, CF2R12, CF2CF2, CC}J, CCliR12, CCI2CCiiR.12, NR13R.14, 

NR15COR12, NR15SOiR.12, OR12, OCF3, OCFiR.12, OCF2CF:iR.12; OCOR12, OSO:iR.12, 

OPO(OR12)2, SR12, SCF3, SCF:iR.12, SCF2CF:iR.12, SCOR12, S03R12, S02NR13R14, PO(OR12)3, 

PO(OR12)2R12, NOi, CN, CNR15(NR13R14), CNR15(SR12), COOR12, COSR12, CONR13R14, 

and 

wherein any two adjacent positions ofR1, R2
, R3

, R4
, and Rs can be joined by a chem 

SCH2S, SCH2CH2S, OCH20, and OCH2CH20 to form a bi-cyclic structure; 

R8
, R.9, R10

, and R11 are each independently selected from H, C1..s straight chem alkyl, 

branched alkyl, C3..s cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl, C2-s alkenyl, aryl and 

alkylaryl; 
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R12 is selected from H, C1-s straight chain alkyl, branched alkyl, C3_g cycloalkyl, C4-.9 

alkylcycloalk:yl or cycloalkylalkyl, Ci-s alkenyl, aryl; alkylaryl, (CH2)nNR13R14, (CH2)mS03H, 

and (CH2)mCOiH, wherein n is 2 through 6 and mis 1 through 6; 

R13 and R14 are each independently selected from H, C1-s straight chain alkyl, branched alkyl, 

Ci-s alkenyl, cycloalkyl, alkylcycloalkyl, cycloalkylalkyl, aryl and CH2aryl, wherein each said 

aryl group or said aryl portion of said CH2aryl group may be optionally substituted by up to 

four substituents in any position independently selected from: 

F, Cl, Br, I, CF3, CCh, CIIJ, C2Hs, C3H1, C.Ji9, NH2, NHCH3, N(CH3)2, NHCil!s, 

N(C2Hs)2, NHC3H1, N(CJH1)2, NHC4ff9, N(C.Jl9)2, NHCOH, NHCOCH3, 

NHCOCilis, NHCOC3H1, NHCOC.Ji9, NHSOiCH3, NHS02C2lis, NHS02C:Jl1, 

NHS02C.Ji!>t OH, OCH3; OCiHs, OC3H1, OC.Ji1, OC,Jig, OCsH9, OCsHu, OCt;Hn, 

OC6H13, OCF3, OCOCH3, OCOC2lis, OCOC3H1, OCOC4ff9, OS02CH3, OS02C2Hs, 

OS02CJH1, OS02C"1f9, SH, SCH3, SCiHs, SC3H1, SC.ili1, SC.Ji9, SCsHg, SCsH11, 

SC(;!Iu, SCGff13,, SCF3, SCOCH3, SCOCilis, SCOC:JI1, SCOC.Ji9, S03CHJ, 

SOJC:zlis, S03CJH1, S03C41l9, SOiNH2, SO:zNHCH3, S02N(CH3)2, S02NHC:zHs, 

S02N(CiHs)2, SC>iNHCJH1, SOiN(C3H1)2, SOiNHC4ff9, SOiN(CJI9)2, N02, CN, 

COOCH3, COOC:zHs, COOC3H1, COOC.µ{9, COSCH3, COSCilis, COSCJR1, 

COSC4ff9, CONH2, CONHCH3, CON(CH3)2, CONHCiHs, CON(CiHs)i, CONHCJH1, 

CON(C3H1)2, CONHC.i}{9, CON(C.µ{9)2, and 

wherein when R13 and/or R14 contam an aryl ring substituted at two adjacmit 

positions on said aryl ring, then said two adjacent positions can be joined by a 
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.· chain selected from CHCHCHCH, CH2CH2CH2CH2, CHCHCH2, 

CH2CH2CH2, CH2CH2, SCH2S, SCH2CH2S, OCH20, or OCH2CH20 to form a 

bi-cyclic structure; or 

R13 and R14 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 0, 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, CCh, CH3, Cilis, C3H1, C~9, NH2, NHCH3,N(CH3)2, 

NHC:zlis, N(C2Hs)2, NHC3H1, N(C3H1)2, NHC.ili9, N(C"1J9)2, 

NHCOH, NHCOCH3, NHCOCilis, NHCOC3H1, NHCOC~9, · 

NHS02CH3, NHS~C:zHs, NHSQiC3H1, NHS02CJl9, · OH, OCH3, 

OC:zHs, OC3H1, OC~1, OC,JI9, OCsH9, OCsH11, OC<iH11, OC6li13, 

OCF3, OCOCH3, OCOC:zHs, OCOC3H1, OCOC~9, OS~Cli], 

OS02Cills, OS02C~1, OS02C~9, SH, SCH3, SC:zHs, SC3H1, SC~1. 

SC~9, SCsH9, SCsH1i, SC6li1i, SC(;ll13,, SCF3, SCOCH3, SCOCiHs, 

SCOC3H1, SCOCJI9, S03CH3, S03C2Hs, · S03C3H1, S03CJI9, 

SO:iNH2, SO:iNHCH3, SOiN'(CH3)2, SO:iNHCilis, S02N(Cills)2, 

S02NHC3H1, SOiN(CJll1)2, SOzNHC4H9, S~N(C~9)2, N02, CN, 

COOCH3, COOCilis, COOC3H1, COOC~9, COSCH3, COSCilis, 

COSC3H1, COSC~9, CONH2, CONHCH3, CON(CH3)2, CONHCiHs, 
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CON(Cilis)2, CONHC3H7, CON(CJli1)2, CONHCJI9, CON(C"1J9)2, 

and 

wherein when R13 and R14 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, CH2CH2CH2CH2, CHCHCH2, 

CH2CH2CH2, CH2CH2,SCH2S, SCH2CH2S, OCH20, or OCH2CH20 to form a 

bi-cyclic structure; and 

R15 is selected from H, C1-s straight chain alkyl, branched alkyl, C3_g cycloalkyl, C4-si 

alkylcycloalkyl or cycloalkylalkyl, and C2-s alkenyl; 

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

hetero atoms independently selected from N, 0, or S) or a 6 membered aromatic non­

heterocyclic ring or a polycycle; 

Examples of suitable C1_8 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, im.idazolyl, pyridyl, pyrrolyl, oxazolyl, isoxazolyl, triazolyl, pyrazolyl, 

tetrazolyl, tbiazolyl and isotbiazolyl. 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 .GPR6 receptor by contacting said 

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

membered heteroaryl series. 

4. Closed chain 6 membered heteroaryl series; 

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

represented structurally as follows: 

wherein at least one ofV, 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.2, CR3, CR4, and CR5, with the 

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

R1
, R2

, R.3, R4, and R5 are each independently selected from the following: 

H, F, Cl, Br, I, R12, CF3, CFiR12, CF2CF2, CCl3, CCl:iR.12, CCliCCliR12, NR13R14, 

NR15COR12, NR15SOiR12, OR12, OCF3, OCF2R12, OCF2CFiR12, OCOR12, OS02R12, 

OPO(OR12)2, SR12, SCF3, SCF:iR.12, SCF2CFiR12, SCOR12, S03R12, S02NR13R14, PO(OR12)3, 

PO(OR12):iR.12, N~, CN, CNR15(NR13R14), CNR15(SR12), COOR12, COSR12, CONR13R14, 

and 
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wherein any two adjacent positions ofR1
, R.2, R3

, R4
, and R5 can be joined by a chain 

selected :from CHCHCHCH, CH2CH2CH2Cfu. CHCHCH2, CH2CH2CH2, Cl!iCH2, 

SCH2S, SCH2CH2S, OCH20, and OCH2CfuO to form a bi-cyclic structure; 

R8
, R', R10

, and R11 are each independently selected from H, C1-s straight chain alkyl, 

branched alkyl, C3_s cycloalkyl, C4_9 alkylcycloalkyl or cycloalkylalk.yl, C2-s alkenyl, aryl and 

alkylaryl; 

R12 is selected from H, C1-s straight chain alkyl, branched alkyl, C3_g cycloalkyl, C4-9 

alkylcycloalk.yl or cycloalkylalkyl, Ci-s alkenyl, aryl, alkylaryl, (CH2)nNR13R14, (CH2)rnS03H, 

and (CH2)mCOiH, wherein n is 2 through 6 and mis 1 through 6; 

R13 and R14 are each indep~dently selected from H, C1_8 straight chain alkyl, branched alkyl, 

C2-s alkenyl, cycloaJkyl, · alkylcycloalkyl, cycloalkylaJkyl, aryl and CH2aryl, wherein each said 

aryl group or said aryl portion of said CH2aryl group may be optionally substituted by up to 

four substituents in any position independently selected from: 

F, Cl, Br, I, CF3, CCl3, CHJ, C2Hs, C3H1, C4li9, NH2, NHCH3, N(CH3)2, NHCiHs, 

N(CiHs)2, NHC3H1, N(C3H1)2, NHCJl9, N(C.iff9)2, NHCOH, NHCOCH3, 

NHCOCiH.s, NHCOC:Jl1, NHCOCJl9, . NHS02CIIJ, NHS02Cills, NHS02C3H7, 

NHS()iC.iff9, OH, OCHJ, OCilis, OCJH1, OCJI1, OC4ff9, OCsH9, OCsHn, OCc>H1b 

OC{)li13, OCF3, OCOCH.3, OCOCiHs, OCOC3H1, OCOC~9, OS02CH3, OS02CiHs, 

OS02C3H1, OS02G1H9, SH, SCH3, SC2li.s, SCJH1, SC.ili1, SC4f!9, SCsH9, SC5H11, 

SCc#u, SCGli13,, SCF3, SCOCH3, SCOCilis, SCOC3H1, SCOC4ff9, S03CH3, 
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S03Cilis; S03C3H1, S03C.1H9, SO:iNH2, SOiNHCH3; SOiN(CH3)2, S02NHCiHs, 

SOiN(Cills)2, SOiNliC:Ji1, SOiN(C3H1)2, SOiNHCJI9, SOiN(CJ!9)2, N02, CN, 

COOCH3, COOCiHs, COO~H1, COOC,µ!9, COSCH3, COSCiHs, COSC3H7, 

CO~CJ{9, CONH2, CONHCH3, CON(CH3)2, CONHCiHs, CON(Cilis)2, CONHC3H1, 

CON(C3H7)2, CONHCJI9, CON(C,µ!9)2, and 

wherein when R13 and/or R14 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, CH2CH2CH2CH2, CHCHCH2, 

CH2CH2CH2, CH2CH2, SCH2S, SCH2CH2S, OCH20, or OCH2CH20 to form a 

bi-cyclic structure;· or 

R13 and R14 form part of a 5, 6 or 7 membered saturated cyclic structure or 5,6 

or 7 membered Ulisaturated cyclic structure, each such structure optionally 

containing up to four heteroatoms selected from 0, 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: 

NHC2Hs, N(Ciffs)2, NHC3H1, N(C3H1)2, NHC,J19, N(C.Jl9)2, NHCOH, 

NHCOCH3, NHCOCilis, NHCOC]li1, NHCOC,µ!9, NHS02CH3, 

NHS02C~, NHS02C3H1, NHS02CJI9, OH, OC~, OC.zHs, OC3H1, OC.iH1, 

OC"1J9, OCslig, OCsHu, OC6H11, OC()ll13, OCF3, OCOCH3, OCOCilis, 

OCO~H1, OCOC,µI9, OS02CH3, OS02CiHs, . OS02C3H1; OS02C.JI9, SH, 
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SCOCH3, SCOCilis, SCOC~1, SCOC.4li9, S03CH3, S03Ci.Hs, S03C3li1, 

S03Co4li9, SOiNH2, SOiNlfCH3, SOiN(CH3)2, SOiNE!CiHs, SOiN(CiHs)2, 

S02NHC3H1, SOiN°(C3H1)2, SOiNIIC.4li9, SOiN(C.4li9)2, NOi, CN, COOCH3, 

COOCiHs, COOC3H1, COOC,Jl9, COSCH3, COSCiHs, COSC3H1, CO~C.Jf9, 

CONH2, CONHCH3, CON(CH3)2, CONH~s, CON(Cilis)2, CONHC3H1, 

CON(C3H1)2, CONHC.Jl9, CON(C,Jl9)2, and 

wherein when R13 and R14 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 

~15 is selected from H, C1-s straight chain alkyl , branched alkyl, C3-s cycloalkyl, C4-9 

alkylcycloalkyl or cycloalkylalkyl, and C2-s alkenyl; 

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

hetero atoms independently selected from N, 0, or S) or a 6 membered aromatic non-, 

heterocyclic ring or a polycycle; 

Examples of suitable C1_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, im.idazolyl, pyridyl, pyrrolyl, oxazolyl, isoxazolyl, triazolyl, pyrazolyl, 
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. tetrazolyl, thiazolyl · and isotbiazolyl. Examples of polycycle moieties include, but are not 

restricted to, naphthyl, benzothiazolyl, benzo:furanyl, benzimid.aZ<>lyl, 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. Open chain S 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 NR4
, 0 and S; 

W, X, or Y are independently selected from N, CR1
, CR2

, and cR.3, with the provisio that 

when Z is 0 and Y is N, then Wis CR1 andX is CR2
; 

R1
, R2

, and R3 are each independently selected from the following: 
. . .. 

H, F, Cl, Br, I, R12, CF3, CF2R12, CF2CF2, CCl3, CCliR12, CC}iCCI:zR.12, NR13R14, 
. . 

NR15COR12, NR15SO:zR12, OR12, OCF3, OCF:iR-12, OCF2CF:zR12, OCOR12, OSO:iR-12, 

OPO(OR12)2, SR12, SCF3, SCF:zR.12, SCF2CF:iR.12, SCOR12, SOJR12, SOiNR13R14, PO(OR12)3, 

PO(OR12):zR12, N02, CN, CNR15(NR13R14), CNR15(SR12), COOR12, COSR12, CONR13R14, 

and 
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wherein any two adjacent positions of R1
, R2

, R3
, R4

, and R5 can be joined by a chafu 
selected from CHCHCHCH, CH2CH2CH2Clh, CHCHCH2, CHiCH2CH2, CH2CH2, 
SCH2S, SCH2CH2S, OCH20, and OCH2CH20 to form a bi-cyclic structure; 

-R4 is selected from H, C1.8 straight chain alkyl, branched alkyl, C3-s cycloalkyl, C4-9 
alkylcycloalkyl or cycloalkylalkyl, C2.8 alkenyl, aryl, alkylaryl, COR5

, CSR5
, and SOiR.5; 

R5
, R6 and R7 are each independently selected from H, C1-B straight chain alkyl, branched 

alkyl, C3.8 cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl, Ci-a alkenyl, aryl and alkylaryl; 

R6 and R7 are each independently selected from H, C1-s straight chain alkyl, branched alkyl, 
C3.8 cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl, C2-s alkenyl, aryl and alkylaryl 

R8
, .R9, R10

, and R11 are each independently selected from H, C1.s straight chain alkyl, 
branched alkyl, C3.s cycloalk.yl, C4-9 alk.ylcycloalkyl·or cycloalkylalkyl, Ci-s alk:enyl, aryl and 
alkylaryl; 

R12 is selected from H, C1-s straight chain alkyl, branched alkyl, C3-8 cycloalkyl, C4-9 
alkylcycloalk.yl or cycloalkylalkyl, Ci-s alkenyl, aryl, alkylaryl, (CH2)0NR13R14, (CH2)mSOJH, 
and (CH2)mCQiH, wherein n is 2 through 6 and mis 1 through 6; 

R13 and R14 are each independently selected from H, C1.8 straight chain alkyl, branched alkyl, 
C2-s alkenyl or cycloalkyl, or alkylcycloalkyl, cycloalkylalk.yl, or aryl and CH2aryl, wherein 
each said aryl group or said aryl portion of said CH2aryl group may be optionally substituted 
by up to four substituents in any position independently selected from: 

F, Cl, Br, I, CF3, CCl3, CH3, Cills, C3H1, C.4li9, NH2, NHCH3, N(CHJ)2, NHCiHs, 
N(Cilis)2, NHCJH1, N(C3H1)2, NHC,.H9, N(C.4li9)2, NHCOH, NHCOCH3, 
NHCOC2Hs, NHCOCJH1, NHCOCili9, NHSQiCH3, NHS02CiHs, NHS02C3H1, 
NHS02C.JI9, OH, OCl!J, OCiHs, OC3H1, OC.JI1, OC.JI9, OCsH9, OCsH1 i. OC6lin, .• 
OC()li13, OCF3, OCOCH3, OCOCiHs, OCOC3H1, OCOC;Jli9, OSQiCH3, OS02Cilis, 
OS02C3H1, OSC>iC"1f9, SH, SCH3, SCiHs, SC3H1, SC~1, SC;Jll9, SCsH9, SCsHu, 
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SC6Hu, · SC(}li13,, SCF3, . SCOCH3, · SCOCiHs, · SCOC3H1, SCOC.J{9, S~CH3, 

S03Ciffs, S03Cµ{1, S~C.J{9, SOzNH2,. SC>iNHCH3, SO:iN(CH3)2, S02NHCiffs, 

SOiN(C:zlis)2, SOiNffC3H1, SOiN(C:Ji1)2, SOzNHC,µ{9, S02N(Ci{9)2, · NOi, CN, 

COOCH3, COOCiHs, COOC3H1, COOC.i}I9, COSCH3, COSCilis, COSC3H1, 

COSC~9, CONH2, CONHCH3, CON(CH3)2~ CONHCiHs, CON(Cills)2, CONHC~1, 

CON(C3H1)2, CONHCi{9, CON(C,µ!9)2, and 

wherein when R13 and/or R14 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, CH2CH2CH2CH2, CHCHCH2, 

CH2CH2CH2, CH2CH2, SCH2S, SCH2CH2S, OCH20, or OCH2CH20 to form a 

bi-cyclic structure; or 

R13 and R14 fonn part of a 5, 6 or 7 membered saturated cyclic structure or 5,6 

or 7 membered unsaturated cyclic structure, each such structure optionally 

con~g up to four heteroatoms selected from 0, 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, CCl3, CH3, C:zlis, C3H1, Ci{9, NH2, NHCH3,N(CH3)2, 

NHC:zlls, N(Cills}i, NHC~1, N(C3H1)2, NHCJI9, N(CJI9)2, 

NHCOH, NHCOCH3, NHCOC2Hs, NHCOC3H1, NHCOC-tff9, 

NHSOiCH3, NHS02Ciffs, NHS02C3H1, NHS02Cjl9, OH, OCH3, 

OCiHs, OC3H1, OCJI1, OC"1{9, OCsH9, OCsH1 h OC6H1 i, . OCc>li13, 

OCF3, OCOCli3, OCOCilis, OCOC3H1, OCOC-tff9, OS02CH3, 

OS02C:zHs, OS02C3H1, OS(hCJI9, SH, SCH3, SCills, SC3H1, SCJI1, 

SC.J{9, SCsH9, SCsHn, SCc>lin, SCc;H13,, SCF3, SCOCH3, SCOCiHs, 

SCOC3H1, SCOC4fl9, S03CH3, . S03CiJis, S03C3H1, S03C.Jl9, 

SO:iNH2, SOiNHCIIJ, SQiN(CH3)2, SOiNI!Cills, SO:iN(Cilis)2, 

S02NHC~1, SOiN(C3H1)2, SQzNHC.J{9, S02N(C4ff9)2, N02, CN, 

COOCH3, COOCiHs, COOC3H1, · COOC4EI9, COSCH3, COSCilis, 

COSC3H1, COSCJI9, CONH2, CONHCH3, CON(CH3)2, CONHCiHs, 
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CON(~}2, CONHC]ll1, CON(C3H1)2, CONHC,µ!9, CON(C.µ!9)2, 
and 

wherein when R13 and R14 forin 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, CH2CH2CH2CH2, CHCHCH2, 
CH2CH2CH2, CH2CH2, SCH2S, SCH2CH2S, OCH20, and OCH2CH20 to form 
a bi-cyclic structure; and 

R15 is selected from H, C1•8 straight chain alkyl, branched alkyl, C3•8 cycloalkyl, C+9 

alkylcycloalkyl or cycloalkylalkyl, and ~-s alkenyl. 

An aryl moiety can be a 5 or 6 membered aromatic heterocyclic ring (containing up to 4 
hetero atoms independently selected from N, 0, or S) or a 6 membered aromatic non­
heterocyclic ring or a polycycle; 

Examples of suitable C1.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, 
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 ~cturally 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 ff' represented structurally as follows: 

wherein Z is selected from NR4, 0 and S; 

W, :X, or Y are independently selected :from N, CR\ CR2, and CR3, with the provi~io that 

when Z is 0 and Y is N, then Wis CR1 and Xis CR2; 

Rt, R2
, and R3 are each independently selected from the following: 

. 12 12 . . . 12 12 13 14 
H, F, Cl, Br, I, R , CF3, CF.iR , CF2CFi, CCl3, CC12R , CChCChR , NR R , 

NR15COR12, NR15SOiR,12, OR12, OCF3, OCF2R12, OCF2CFiR,12, OCOR12, OSQiR.12
, 

OPO(OR12}2, SR12, SCF3, SCFiR,12, SCF2CF2R12, SCOR12, S03R12, SOiNR,13R14, PO(OR12)3, 

PO(OR12)iR.12, NQi, CN, CNR1s(NR13R14), CNR1s(SR12), COOR12, COSR12, CONR13R14, 

and 

wherein any two adjacent positions of Rt, R.2, R3
, R4, and R5 can be joined by a chain 

selected :frOm CHCHcHCH, CH2CH2CH2CH2. CHCHCH2, CH2CH2CHi, CH2CH2. 

SCH2S, SCH2CH2S, OCH20, and OCH2CH20 to form a bi-cyclic structure; 

R4 is selected from H, C1-8 straight chain alkyl, branched alkyl, C3.3 cycloaJkyl, C4-9 

· alkylcycloalkyl or cycloalkylalkyl, C2-S alkenyl, aryl, alkylaryl, COR5, CSR5
, and S02R

5; 

R5
, R6 and R7 are each independently selected from H, C1.8 straight challi alkyl, branched 

alkyl, C3.3 cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl, C2-8 alkenyl, aryl and alkylaryl; 

R6 and R7 are each independently selected from H, C1_g straight chain alkyl, branched alkyl, 

CJ-8 cycloalkyl, C4-9 alkylcycloalkyl or cycloalkyl~l, Ci-S alkenyl, aryl and alkylaryl 
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R8
, R?, R10, and R11 are each independently selected from H, C1~s straight chain alkyl, 

branched alkyl, C3-s cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl, Cu alkenyl, aryl and 
alkylaryl; 

R12 is selected from H, C1,.8 straight chain a1kyl, branched alkyl, C3.g cycloalkyl, C4-9 
alkylcycloalkyl or cycloalkylalkyl, C2.s alkenyl, aryl, alkylaryl, (Clii)nNR1~14, (CH2)mS03H, 
(CH2)mCOiH wherein n is 2 through 6 or mis 1 through 6; 

R.13 and R14 are each independently selected from H, C1-s straight chain alkyl, branched alkyl, 
C2.8 alkenyl or cycloalkyl, or alk.ylcycloalk.yl, or cycloalkylalk.yl, or aryl or CH2aryl, wherein 
each said aryl group or said aryl portion of said CH2aryl group may be optionally substituted 
by up to four substituents in any position independently selected from: 

F, Cl, Br, I, CF3, CCh, C~, C2Hs, C:JI1, C,Jf9, NH2, NHCH3, N(CH3)2, NHCilis, 
N(Cilis)2, NHC3H1, N(C3H1)2, NHC4IJ9, N(C,Jf9)2, NHCOH, NHCOCH3, 
NHCOCilis, NHCOC3H1, NHCOC4IJ9, NHS02CH3, NHS02Cilis, NHS02C3li1, 
NHS02C.Jf9, OH, OCH3, OCiHs, OC3H1, OC.Jf1, OC4IJ9, OCsH9, OCsH1i, OCJ!11:. 
OCc;H13, OCF3, OCOCH3, OCOCilis, OCOC3H1, OCOC,Jf9, OS02C~, OS02C2Hs, 
OS02C3H1, OS02C4ff9, SH, SCH3, SCiHs, SC3H1, SC.ili1, SCJ!9, SCsif9, SCsH11, 
SC<;H11, SCl)II13,, SCF3, SCOCH3, SCOC:zlis, SCOC3H1, SCOC4IJ9, S03CH3, 
S~CiHs, S03C3H1, S~C4Ef9, SOiNH2, S02NHCH3, SO.zN(CH3)2, S02NHCills, 
SO.zN(CiHs)i, SOiNHC3H1, SO.zN(C3H1)2, S02NHC4IJ9, SO.zN(C.µ!9)2, N02, CN, 
. COOCH3, COOCilis, COOC3H1, COOC.µ!9, COSCH3, COSCiHs, COSC3H1, 
COSC.i}i9, CONH2, CONHC~. CON(CH3)2, CONHCilis, CON(Cilis)2, CONHC3H1, 
CON(C3H1)2, CONHC.iff9, CON(C.Jf9)2, and 

wherein when R.13 and/or R14 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, CH2CH2CH2CH2, CHCHCH2, CH2CH2CH2, CH2CH2, SCH2S, 
SCH2CH2S, OCH20, or OCH2CH20 to form a biMcyclic structure; or 

R13 and R14 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 0, 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, CCl3, CH3, Cills, C~1, CJI9, NH2, NHCH3, N(CH3)2, 

NHCilis, . N(Cills)2, NH~H1, . N(C3H1)i, NHCJ!9, N(C.iff9)2, NHCOH, 

NHCOCH3, NHCOCzHs, NHCOC3H1, NHCOC.iff9, NHS02CH3, 

NHS02C2Hs, NHS02C3H1, NHS02CJI9, OH, OCH3, OCalis, O~H1, OCJI1, · 

OC;Jfl9, OC.slf9, OCsH11, OC(ilin, OC6H13, OCF3, OCOCH3, OCOCzHs, 

OCOC3H1, OCOC4H9, OS02CH3, OS02Cills, OS02C3H1, OSOiC;JH9, SH, 

SCH3, SC~s, SC3H1, SC.ilii, SC4H9, SCsH9, SCsHn, SC()!I1h SC6H13,, SCF3, 

SCOCH3, SCOC2Hs, SCOC:JH1, SCOCJI9, S03CH3, S03C2Hs, S03C3H1, · 

S03C.iff9, SO:zNH2, SO:zNHCH3, SO:iN(CH3)2, SOiNHCilis, SO:iN(Cilis)2, 

SOiNffC3H1, SOiN"(C3H1)2, SQiNHCJl9; SOiN(C~9)2, N02, CN, COOCH3, · 

COOCiHs, COOC3H1, COOCJI9, COSCH3, COSCiHs, COSC3H1, COSC.Jlg, 

CONH2, CONHCH3, CON(CH3)2, CONHCilis, CON(Cilis)2, CONHC3H7, 

CON(C3H1)2, CONHC4H9, CON(CJI9)2, and 

wherein when R13 and R14 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, CH2CH2CH2CH2, CHCHCH2~- CH2CH2CH2, CH2CH2, SCH2S, 

SCH2CH2S, OCH20, or OCH2CH20 to form a bi-cyclic structure; and 

R15 is selected from H, C1-s straight chain alkyl, branched alkyl, C3-a cycloalkyl, C4-9 

alkylcycloalkyl or cycloalkylalkyl, and Ci-s alkenyl. 

An aryl moiety can be a S or 6 membered aromatic heterocyclic ring (containing up to 4 

hetero atoms independently selected_ from N, 0, or S) or a 6 membered ·aromatic non­

heterocyclic ring or a polycycle; 

Examples of suitable C1.s alkyl groups include but art not limited to methyl, ethyl, n-propyl, 

· i-propyl, n-butyl, and t-butyl. 
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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, tbiazolyl and isothiazolyl. Examples of polycycle moieties include, but are not 
restricted to, naphthyl, benmthiazolyl, benzo:furanyl, benzimidazolyl, quinolyl, isoquinolyl, 
indolyl, quinoxalinyl, quinazolinyl and benzothienyl. . 

Further disclosed is a method of modulating the 9-PR6 receptor by contacting said 
receptor with a small molecule structurally represented by the foregoing closed chain 5 
membered heteroaryl series. · 

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

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

heteroaryl sub-series b,, represented structurally as follows: 

wherein Y is selected from NR4, 0 or S; 

W, X, or Z are each independently selected from Nor CR1
, CR.2, or CR3•with the proviso that 

when Y is 0 and Z is N, then Wis CR1 and Xis CR2
; 

R1, R 2
, and R3 are each independently selected from the following: 
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OPO(OR12)2, SR12, SCF3, SCF:iR-12~ SCF2CF2R12; SCOR12, S03R12, SOiNR.13R14, PO(OR12)3, 

PO(OR12)iR12, N(h, CN, CNR15(NR13R14), CNR15(SR12), COOR12, COSR12, CONR13R14, 

and 

wherein any two adjacent positions of R.1; R.2, R3
, R4

, and Rs can be joined by a chain 

R4 is H, C1.s straight chain aJkyl, branched aJkyl, C3.8 cycloaJkyl, C+9 aJkylcycloalkyl or 

cycloaJkylalkyl, Cu alkenyl, aryl, alkylaryl, COR5, CSR5, and SOiR.5; 

Rs, R6 and R7 are each independently selected from H, C1-s straight chain aJkyl, branched 

alkyl, C3.s cycloalkyl, C+9 aJkylcycloalkyl or cycloalkylaJkyl, Ci-s alkenyl, aryl and alkylaryl; 

R6 and R7 are each i~dependently selected .from H, C1.s straight chain alkyl, branched alkyl, 

C3.s cycloaJkyl, C4.9 alkylcycloalkyl or cycloalkylalkyl, C2.s alkenyl, aryl and alkylaryl 

R8
, R?, R10

, and R11 are each independently selected from H, C1.s straight chain alkyl, 

branched alkyl, C3.s cycloalkyl, C+9 alkylcycloalkyl or cycloalkylalkyl, Ci-s alkenyl, aryl and 

aJkylaryl; 

R12 is selected from H, C1.s straight chain alkyl, branched alkyl, C3.s cycloalkyl, C4.9 

alkylcycloalkyl or cycloalkylaJkyl, C2-s alkenyl, atyl, alkylaryl, (CH2)nNR13R14, (CH2)mS03H, · 

and (CH2)mCOiH, wherein n is 2 through 6 and mis 1 tbiough 6; 
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R13 and R14 are each independently selected from H, C1•8 straight chain alkyl, branched alkyl, 

Cu alkenyl or cycloalkyl, or alkylcycloalkyl, or cycloalkylalkyl, or aryl or CH2aryl, wherein 

each said aryl group or said aryl portion of said CH2aryl group may be optionally substituted 

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

F, Cl, Br, I, CF3, CC13, CH3, C:zlis, C3H1, C41f9, NH2, NHCH3, N(CH3)2, NHC2Hs, 

N(Cills)2, NHC3H7, N(C3H1)2, NHC4H9, N(G1H9)2, NHCOH, NHCOCH3, 

NHCOC~, NHCOC3H1, NHCOC,If9, NHS02CH3, NHS02C:zHs, NHSQiC3H1, 

NHS02C4H9, OH, OCH3, OCzHs, OC3H1, OC.4li1, OC4fI9, OCsH9, OCsHu, OCc;H11, 

OCl)!I13, OCF3, OCOCH3, OCOCills, OCOC3H7, OCOC4fI9, OS02CH3, OS02C:zlis, 

OS02C3H1, OS02C4ff9, SH, SCH3, SCiHs, SCJli1, SC"1!1, SC"1J9, SCsH9, SCsH11, 

SC6H11, SCc;H13,, SCF3, SCOCH3, SCOC:zlis, SCOC3H1, SCOC"1J9, S03C;Ef3, 

S03Cilfs, S03C3H1, S03C"1f9, SOiNII2, SOiNHCHJ, SOiN(CH3)2, SOiNHC2Hs, 

SO:zN(C:ilis)2, SOiNHC3H1, SOiN(C3H1)2, SOiNHC4ff9, S02N(C4fI9)2, N02, CN, 

COOCH3, COOC:zlis, COOCJff 1, COOC4fI9, COSCH3, COSC:zlis, COSC3H1, 

COSC~9, CONH2, CONHCH3, CON(CH3)2, CONHCills, CON(CiHs)2, CONHCJH1, 

CON(C3H1)2, CONHC4EI9, CON(C.iff9)2, and 

wherein when R13 and/or R14 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, CH2CH2CH2CH2, CHCHCH2, 

CH2CH2CH2, CH2CH2, SCH2S, SCH2CH2S, OCH20, or OCH2CH20 to form a 

bi-cyclic structure; or 
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R13 and R14 form part of a 5, 6 or 7 membered satunited cyclic structure or 5,6 

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

containing up to four heteroatoms selected from 0, 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, CCl3, CH3, CiHs, C~1, C,µf9, NH2, NHCH3,N(CH3)2, 

NHCilis, N(C:ills)2, NHC3H1, N(C3H1)2, NHC41I9, N(C,µf9)2, 

NHCOH, NHCOCH3, NHCOC2Hs, · NHCOC3H1, NHCOC41I9, 

NHSOiCH3, NHSOiC2Hs, NHSOiC~1, NHS02CJI9, OH, OCH3, 

OCiHs, OC~1, OC.ili1, OC,µf9, OCsff9, OCsH11, OC6H11, OC(j}I13, 

OCF3, OCOCH3, OCOCiHs,. OCOC3H1, OCOCJI9, OSOiCH3, 

OS02Ciffs, OS02CJH1, OS02C.µ{9, SH, SCH3, SCiHs, SC3H1, SC.µ{1, 

SC41I9, SCsff9, SCsHu, SC6H11, SCt;ll13,, SCF3, SCOCH3, SCOCiHs, 

SCOC3H1, SCOC41I9, S03CH3, S03C:Jfs, S03C3H1, S03C41I9, 

SOiNH2, S02NHCH3, S()iN(CH3)2, SOiNHCiHs, SOiN(C:ills)2, 

SOiNlfC3H1, SO:zN(C3H1)2, S02NHC4H9, SOiN(CJI9)2, N{h, CN, 

COOCH3, COOCilis, COOC3H1, COOC41I9, COSCH3, COSC2Hs, 

COSC3H7, COSC41I9, CONH2, CONHCH3~ CON(CH3)2, CONHCiHs, 

CON(C2Hs)2, CONHC3H7, CON(C3H7)2, CONHCJI9, CON(C41I9)2, 

and 

wherein when R.13 and R14 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, CH2CH2CH2CH2, CHCHCH2, 
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CH2CH2CH2, CH2CH2,SCH2S, SCH2CHiS, OCH20, or OCH2CH20 to form a 

bi-cyclic structure; and 

R15 is selected from H, C1-s straight chain alkyl, branched alkyl, ~3-8 cycloalkyl, C4-9 

alkylcycloalkyl or cycloalkylalkyl, and Ci-s alkenyl. 

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

hetero atoms independently selected from N, 0, or S) or a 6 membered aromatic non­

heterocyclic ring or a polycycle; 

Examples of suitable C1.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, im:idazolyl, pyridyl, pyrrolyl, oxazolyl, isoxazolyl, triazolyl, pyrazolyl, 

tetrazolyl, thiazolyl and isothiazolyl. Examples of polycycle moieties inclucie, but are not 

restricted to, naphthyl, benzothiazolyl, benzofu.ranyl, 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 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, disclosed are "closed chain 5 memebered 

heteroaryl sub-series b" represented structurally as follows: 

wherein Y is selected from NR4, 0 or S; 

W, X, or Z are each independently selected from Nor CR1, CR2, or CR3• with the proviso that 

when Y is 0 and Z is N, then W is CR 1 and Xis CR2; 

R1
, R2

, and R3 are each independently selected from the following: 

H, F, Cl, Br, I, R12, CF3, CFzR12, CF2CF2, CCh, CClzR12, CCl2CClzR12, NR13R14, 

NR15COR12, NR15SOzR12, OR12, OCF3, OCFzR12, OCF2CFzR12, OCOR12, OSOzR12, 

OP0(9R12)2, SR12, SCF3, SCFiR12, SCF2CFzR12, SCOR12, S03R12, SOiNR13R14, PO(OR12}3, 

PO(OR12)iR12, NC>i, CN, CNR1s(NR13R14), CNR1s(SR12}, COOR12, COSR12, CONRt3:R_l4, 

and 

wherein any two adjacent positions ofR.1, R2
, R3

, R4
, andR5 can be joined by a chain 

SCH2S, SCH2CH2S, OCH20, or OCH2CH20 to form a bi-cyclic structure; 

R4 is selected from H, C1-s straight chain alkyl, branched alkyl, C3_8 cycloalkyl, C4-9 

alkylcycloalkyl or cycloalkylalkyl, C2-s alkenyl, aryl, alkylaryl, COR5, CSR5, and SQzR5; 
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R5
, R6 and R7 are each independently selected from H, C1-s straight chain alkyl, branched 

alkyl, C3-s cycloalkyl, C4_9 alkylcycloalkyl or cycloalkylalkyl, Ci-s alkenyl, aryl and alk.ylaryl; 

R6 and R7 are each independently selected from H, C1-s straight chain alkyl, branched alkyl, 

C3~8 cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl, C2-s alkenyl, myl and alk.ylaryl 

R8
, R.9, R10

, and R11 are each independently selected from H, C1-s straight chain alkyl, 

branched alkyl, C3-s cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl, C2-8 alkenyl, aryl and 

alkylaryl; 

R12 is. selected from H, C1-s straight chain alkyl, branched alkyl, CJ-8 cycloalkyl, C4_9 

alkylcycloalkyl or cycloalkylalkyl, C2-s alkenyl, aryl, alkylaryl, (CH2)nNR1JR.14, (CH2)mS03H, 

and (CH2)mCO:z}f, wherein n is 2 through 6 and mis 1 through 6; 

R13 and R14 are each independently selected from H, C1_8 straight chain alkyl, branched alkyl, 

C2-s alkenyl or cycloalkyl, or alkylcycloalkyl, or cycloalkylalkyl, or myl or CH2aryl, wherein 

each said myl group or said aryl portion of said CH2aryl group may be optionally substituted 

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

F, Cl, Br, I, CF3, CC!J, Cli3, Cilis, C3H1, CJ{9, NH2, NHCHJ, N(CH3)2, NHC:z}I5, 

N(Ciffs)2, NHC3H1, N(C3li1)2, NHC4ff9, N(C4H9)2, NHCOH, NHCOCH3, 

NHCOCilis, NHCOCJH1, NHCOCJl9, NHS02CH3, NHS02CiHs, NHS02C3H1, 

NHS02CJl9, OH, OCH3, OCilis, OC~1, OCJI1, OC4ff9, OCsH9, OCsHn, OCGliu, 
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OCc;II13, OCF3, OCOCH3, OCOCilis, OCOC3H1, OCOC.µ!9, OS02CH3, OSOiCiHs, 

OS02C3H7, OSQiC.JI9, SH, SCH3, SC:zHs,- SCJH7, ·sc.µi,, SC.Jig, SCsHg, SCsH1i, 

SCc;Hn, SC(i}i13,, SCF3; SCOCH3, SCOC2Hs; . SCOC3H7, SCOC.Jis,, S03CH3, 

S03Cilis, S03C3H1, S03C,Jig, SOiNH2, SOiNHCH3, SQiN(CH3)2, SOiNHC:zHs, 

SO:zN(Cilis)2, S02NHC3H1, SO;zN(C3H1)2, SOiNHCJ!g, S02N(C4H9)2, N02, CN, 

COOCH3, COOC:zlis, COOC3H1, COOC,J19, COSCH3, COSCilis, COSC3H1, 

COSC,µIg, CONH2, CONHCH3, CON(CH3)2, CONHCiHs, CON(C:Jls)2, CONHC3H1, 

CON(CJH1)2, CONHC,Ji9, CON(C.JI9)2, and 

wherein when R13 and/or R.14 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, CH2CH2CH2CH2, CHCHCH2, 

CH2CH2CH2, CH2CH2, SCH2S~ SCH2CH2S, OCH20, or OCH2CH20 to form a 

bi-cyclic structure; or 

R13 and R14 form part of a 5, 6 or 7 membered saturated cyclic structure or 5,6 

or 7 membered unsaturated cyclic stru.Cture, each such structure optionally 

containing up to four heteroatoms selected from 0, 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, CCh, CH3, Cills, C3H1, C.Jl9, NH2, NHCH3,N(CH3)2, 

NHCilis, N(CiHs)2, NH~H1, N(C3H1)2, NHC4H9, N(C.1H9)2, 

NHCOH, NHCOCH3, NHCOCiHs, NHCOC3H1, NHCOC,Jig, 

NHS02CH3, NHS02C2Hs, NHSOiC3H1, NHS02C4Hg, OH, OCH3, 
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OCilis; OC3H1, OC£1, OC£9, OC~9, OCsH1 i, OC6H1 i, OC6H13, 

OCF3, OCOCH3, OCOCiHs, OCOC3H1, OCOC,.Jl9, OS02CH3, 

OS02CiHs, OS02C:JI1, OS02C£9, SH, SCH3, SCiHs, SC3H1, SC£1, 

SC,.Jl9, SCsH9, SCsH11, SCc;Hn, SCc;Il13,, SCF3, SCOCH3, SCOCiHs, 

scoc~,, SCOC£9, S03CH3, S03C.zHs,. S03C3H7, S03C£9, 

SO:iNH2, SO:iNHCH3, SOiN(CH3)2, SOiNHCiHs, SOiN(CiHs)2, 

S02NHC3H1, SO:zN(C3H1)2, S02NHC,µI9, S02N(C,µ!9)2, N02, CN, 

COOCH3, COOC:zHs, COOC3H7, COOC,.JI9, cosc~, COSCiHs, 

COSC3H1, COSC,µ!9, CONH2, CONHCH3, CON(CH3)2, CONHC2Hs, 

CON(C2Hs)2, CONHC3H1, CON(C~1)2, CONHC£9, CON(C~9)2, 

and 

wherein when R13 and R14 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, CH2CH2CH2CH2, CHCHCH2, 

CH2CH2CH2, CH2CH2, SCH2S, SCH2CH2S, OCH20, and OCH2CH20 to form 

a bi-cyclic structure; and 

R15 is selected from H, C1-a straight chain alkyl, branched alkyl, C3~ cycloalkyl, C+9 

alkylcycloalkyl or cycloalkylalk.yl, and C2-a alkenyl. 

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

hetero atoms independently selected from N, 0, or S) or a 6 membered aromatic non­

heterocyclic ring or a polycycle; 
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Examples of suitable C1..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 restticted 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, in~olyl, 

quinoxalinyl, quinazolinyl and benzothienyl. 

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

receptor with a small molecule structurally reptesented by the foregoing closed chain 5 

memebered heteroaryl sub-series 

EXAMPLE SA 
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 substi.tuents "R" have the same identifications as 

set out in the definitions of the compounds disclosed below. 
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s 

[ ] 
HNANH 

0 0 \_} 

Rjl_CI 
KSCN jlN~S Acetone, A Acetone, A 

(I) 
(II) 

EtoH,A 

(Ill) (IV) xHCI 

(V) 

In the approaches disclosed below, ''Protocol A" is the synthetic approach up to formula (Ill), 

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

approaches, the compound produced by Protocol A is then in tum used as the starting 

material for the compound produced. by Protocol B. 

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

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

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

th.at 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 (Ill) and·• (V) may be admfojstered by oral, sub lingual, parenteral, rectal, topical 

administration or by a transdermal patch. Transdeimal patches dispense a drug at a 

controlled rate by presenting the drag for absorption in ~ efficient manner with a minimum. 

of degradation of the drag. Typically, transdennal 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 of formulas (Ill) and (V) by appropriate 

addition of an ionizable substituent, which does . not 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 (III) 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 in the medicinal arts. A typical dose may be expected to fall in the range of 0.001 

to 200 mg per kilogram of body weight of the mammal. Unit doses may contain from 1 to 200 

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

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

agonist is indicated. At least one compound of formula (III) 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 phannaceutical 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 compound(s) 

with liquids or finely divided solid carriers, or both, in the required proportions, and then, if 

necessary, forming the resulting mixture into a desired shape. 

Conventional excipients, such as binding agents, 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 

vehicles (inclucling 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 salution 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 in· a 

pharmaceutical com.position,· these are not· intended for use only in humans, but in other non-

human mammals as well. Indeed, recent advances in the area of anima] 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 detennined to exhibit 

similar GPR6 inverse agonist activity and selectivity as that of compound AREl 12. · · 

ARElll 

ARE115 ARE116 

0 s-s . 

~~N~N 
CF~~ . \__) 
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ARE117. ARE118 

ARE120 

ARE121 ARE122 
0 s-s 

. ~NAN~N 
Meo~ H \__} 

ARE123 ARE124 

ARB125 ARE126 

~NJ),NH y H \_/ 

Me 

0 s-s 

Qf~N6 
Me 

ARE127 
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ARE129 ARE130 

0 s-s 

~N',J__N6 
F 

· ARE132 

0 s-s 

~~N~N 
~c \_j 

F 

ARE133 ARE134 

ARE135 ARE136 

ARE137 

ARE139 ARE140 
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ARE148 
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ARE152 
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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 Ct 8 reverse phase column 

(SO 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. Samples eluting from the HPLC were routinely monitored at 220nm. using a 

Shimadzu SPD-1 OA VP detector. unless otherwise stated. All reagents were purchased from 

commercial sources. 

Preparation 1 

Preparation and Analysis of 
ARElll N-(2-thioxo-imidazolidine-1-carbothioyl)-thiophene-2-carboxamide and 
ARE112 N-(S,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 prepared solution of potassium thiocyanate (2.14g, 22mm.ol) 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 isothiocyanate in situ as a yellow suspension. The heating was stopped 

and 2-imidazoliclinethione (2.04g, 20mmol) was added. The mixture was then heated under 

reflux for an additional 4 hours before being allowed to cool followed by stining at room 

temperature overnight (15 hours). 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 

ARElll (2.865g, yield= 53%) 

Mass spectrum: m/z (%): 272.0 (M+H, 100) Calculated for CgHgN30S3 =270.98 

HPLC retention time: 2.97 min 

ProtocolB: 

To a suspension of AREll 1 (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 oil 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 salt that was then suspended in ethanol (20ml) and treated with 28-

30% ammonium hydroxide (lml) to yield the free base. The reaction mixture was stirred at 

room temperature for 20 min then the resulting precipitate was collected by filtration, washed 

with ethanol and dried to give the compound AREl 12 (1.304g, yield = 66%) as a yellowish 

solid. 

SUBSTITUTE SHEET (RULE 26): 



WOOt/62765 PCT/US00/04945 

91 

MS (ES+): m/z (%): 270 (M+H, 100) 

Mass spectrum: m/z (%): 270.0 (M+H, 100) Calculated for C9H1N30S3 = 268.98 

HPLC retention time: 2.36 min · 

Preparation 2 

Preparation and Analysis of 
ARE113 N-(2-thioxo-imidazolidine-1-carbothioyl)-benzamide and 
ARE114 N•(5,6-dihydro-3H-im.idazo(2,1-c]-l,2;4-dithiazol-3-ylidene)-benzamide 

The procedure of Protocol A above was followed, using benzoyl chloride instead· of 

thiophene-'2-carbonyl chloride, to yieldARE113 as ayellowish solid. 

Mass spectrum: m/z (%): 266.0 (M+H, 100) Calculated for C11H11N30S2 = 265.02 

HPLC retention time: 3.29 min 

The procedure of Protocol B above was followed, using AREl 13 instead of ARElll, 

to yield AREl 14 as a white solid. 

Mass spectrum: m/z (%): 263.8 (M+H, 61) Calculated for CuH9N30S2 = 263.02 

HPLC retention time: 2.53 min 

Preparation 3 

Preparation and Analysis of 
ARE115 N-(2-thioxo-imidazolidine-1-carbothioyl}4-trffluoromethylbenzalliide and 

ARE116 N-(5,6-dihydro-3H-imidazo[2,l-c]-1,2,4-dithiazol-3-ylidene)-4-
trifiuoromethylbenzamide · 

Protocol. A was followed using 4-(trifluorom.ethyl)benzoyl chloride instead of 

thiophen-2-carbonyl chloride to yield AREl 15 as a yellowish solid. 

Mass spectrum: m/z (%): 173.0 (100), 334.2 (M+H, 83) Calculated for 

SUBSTITUTE SHEET (RULE 26) 

: I 



WO 01/62765 PCT/US00/04945 

92 

HPLC retention time: 3.69 min 

Protocol B was followed using ARBllS instead of ARElll to yield ARE116 as a 

white solid. 

Mass spectrum: m/z (%):332.0 (M+H, 100) Calculated for C1aH1zF3N30S2 = 331.01 

HPLC retention time: 3.28 min 

Preparation 4 

Preparation and Analysis of 
ARE117 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-tert­
butylbenzamide 

Protocol A was followed using 4-tert-butylbenzoyl chloride instead of tbiophene-2-

carbonyl chloride to yield compound AREl 17 as a yellowish solid. 

Mass spectrum: m/z (%): 161.0 (100), 322.0 (M+H, 53) Calculated for C1sH19N30S2 

=321.45 

HPLC retention time: 3 .97 min 

Protocol B was followed using AREl 17 instead of ARBl 11 to yield compound 

ARE118 as a white solid. 

Mass spectrum: m/z (%): 320.0 (M+H, 100) Calculated for C1sHi1N30S2 = 319.45 

HPLC retention time: 3.72 min 

Preparation S 

Preparation and Analysis of 
ARE119 N-(2-thioxo-imidazolidJne-1-carbothioyl)-4-chlorobenzamide and 
ARE120 N-(5,6-dihydro-3H-imidazo[2,1-c] .. t,2,4-dithiazol-3-ylidene)-4-chlorobenzamide 

Protocol A was followed using -4-chlorobenzoyl chloride instead of thiophene-2-

carbonyl chloride to yield compound AREl 19 as a yellowish solid. 
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Mass spectrum: m/z (%): 139.0 (100), 300.0 (M+:a:, 56) Calculated for CnH10ClN30S2 

=298.98 

HPLC retention time: 3 .52 min 

Protocol B was followed using ARBl 19 instead. of AREl 11 to yield compound 

ARE120 as a white solid. 

Mass spectrum: m/z (%): 139.0 (100), 298.0 (M+H, 72) Calculated for CnHsCIN30S2 

=296.98 

HPLC retention 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-3H-imidazo[2,1-c]-1,2,4-dithiazol-3-ylidene)-4-methoxybelizamfde 

Protocol A was followed using 4-methoxybenzoyl chloride instead of thiophene-2-

carbonyl chloride to yield compound ARE121 as a yellowish solid. 

Mass spectrum: mlz (%):135.0 (100), 296.2 (M+H, 39) Calculated for C1:zH13N:~GiS2 

=295.03 

HPLC retention time 3.37 min 

Protocol B was followed using ARE121 instead of ARElll to yield compound 

ARE122 as a white solid. 

Mass spectrum: m/z (%): 294.0 (M+H, 100) Calculated for C1:iH11N30iS2 = 293.03 

HPLC retention time: 2.89 min 

Preparation 7 

Preparation and Analysis of 
ARE123 N-(2-thioxo-imidazolidine-l-carbothioyl)-3-methoxybenzamide and 

ARE124 N-(S,6-dihydro-3H-imidazo[2,1-c]-l,2,4-dithiazol-3-ylidene)-3-methoxybenzamide 
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Protocol A was followed using 3-methoxybenzoyl chloride instead of thiophene-2-

carbonyl chloride to yield compound ARE123 as a yellowis~ solid. 

Mass spec1rum: m/z (%): 135.2 (100), 296.2 (M+H, 53) Calculated for C12H13N302S2 

=295.03 

HPLC retention time: 3.20 min 

Protocol B was followed using ARE123 instead of ARElll to yield ARE124 as a 

white solid. 

Mass spec1rum: m/z (%): 294.0 (M+H, 100) Calculated for C12H11N302S2 = 293.03 

HPLC retention time: 2.94 min 

Preparation 8 

Preparation and Analysis of 
ARE125 N-(2-thioxo-imidazolidine-1-carbotbioyl)-3-methylbenzamide 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 C1iff13N30S2 

=279.03 

HPLC retention time: 3.59 min 

Protocol B was followed using ARB125 instead of AREl 11 to yield compound 

ARE126 as a white solid. 

Mass spectrum: m/z (%): 278.0 (M+H, 100) Calculated for C1:JI11N30S2 = 277.03 

HPLC retention time: 3.11 min 

Preparation 9 

Preparation and Analysis of 

SUBSTITUTE .SHEET (RULE 26) 



WOOl/62765 PCT/US00/04945 

95 

ARE127 N-(2-thioxo-imidazolidin~l-carbothioyl)-4-0uorobenzamide and 
ARE128 N-(S,6-dihydro-3H-imidazo[2,l-c]-l,2,4-dithiazol-3-ylidene)-4-tluorobenzamide 

Protocol A was followed using 4-fluorobenzoyl chloride instead of thiophene-2-carbonyl 

chloride to yield compound ARE127 as a yellowish solid. 

Mas.s sp~; m/z (%): 123.2 (100), 284.2 (M+H, 75) Calculated for C11H1oFN30$i = 

283.01 

Protocol B was followed using ARE127 instead of AREl 11 to compound ARE128 as 

a white solid. 

Mass spectrum: m/z (%): 123.2 (100), 282.2 (M+H, 90) Calculated for C11HsFN30$i = 

281.01 

HPLC retention time: 2.68 min 

Preparation 10 

Preparation an Analysis of 
ARE129 N-(2-thioxo-imidazolidin~l-carbothioyl)-3-Duorobenzamide and 
ARE130 N-(5,6-dihydro-3H-imidazo[2,1-c]-1,2,4-dithiazol-3-ylidene)-3-tluorobenzamide 

Protocol A was followed using 3-fluorobenzoyl chloride instead of tbiophene-2-carbonyl 

chloride to yield compound ARE129 as a yellowish solid. 

Mass spectrum: m/z (%): 123.2 (100), 284.3 (M+H, 61) Calculated for C11H1oFN30$i = 

283.01 

HPLC retention time: 3.24 min 

Protocol B was followed using ARE1~9 instead of AREll I° to yield compound 

ARE130 as a white solid. 

Mass spectrum: m/z (%): 282.2 (M+H, 100) Calculated for C11HsFN30S2 = 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-.tluorobenzamide and 
ARE132 N-(5,6-dihydro-3H-~dazo[2,1-c]-1,2,4-dithiazol-3-ylidelie)-2-ftuorobenzamide 

Protocol A was followed using 2-fluorobenzoyl chloride instead of thiophene-2-

carbonyl chloride to yield compound ARE131 as a yellowish solid. 

Mass spectrum: m/z (%): 123.2 (100), 284.0 (M+H, 67) Calculated for C11H1oFN30S2 = 

283.01 

HPLC retention time: 3.07 min 

Protocol B was followed using AR.El31 instead of AREl 11 to yield compound 

ARE132 as a white solid. 

Mass spectrum: m/z (%): 282.2 (M+H, 100) Calculated for C11HsFN30S2 = 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-(S,6-dihydro-3H-imidazo[2,1-c]-1,2,4-dithiazol-3-ylidene)-2,4-
ditluorobenzanrlde 

Protocol A was followed using 2,4-ditluorobenzoyl chloride instead of thiophene-2-

carbonyl chloride to yield compound ARE133 as a yellow solid. 

Mass spectrum: m/z {°lo): 141.0 (100), 302.2 (M+H, 39) CalcUtated for CnHgF2N30S2 = 
301.00 

HPLC retention time: 3.23 min 

Protocol B was followed using ARE133 instead of AREl 11 to yield compound 

ARE134 as a white solid. 

Mass spectrum: m/z (%): 300.0 (M+H, 100) Calculated for C11H1FiN30S2 = 299.00 
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HPLC retention tiine: 2.86 min 

Preparation 13 

Preparation and Analysis of 
ARE13S N-(2-thioxo-im.idazolidine-1-carbothioyl)-naphthyl-2-carboxamide and 
ARE136 N-(5,6-dihydro-3H-imidazo[2,1-c]-1,2,4-dithiazol-3-ylidene)-naphthyl­
carboxamide 

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

chloride to yield compound ARE135 ·as a yellowish solid. 

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

C1sH13N30$i = 315.40 

HPLC retention time: 3.88 min 

Protocol B was followed using ARE135 instead of AREl 11 to yield compound 

ARE136 as a white solid. 

Mass spectrum: m/z (%): 314.0 {M+H, 100) CalculatedforC1sH11N30S2 = 313.40 

. .; HPLC retention time: 3.41 min 

Preparation 14 

Preparation and Analysis of 
ARE137 N-(2-thioxo-imidazoJidine-1-carbothioyl)- naphthyl-1-carboxamide and 
ARE138 N-(S,6-dihydro-3H-imidazo[2,1-c]-1,2,4-dithiazol•3-ylidene)- naphthyl-1-
carboxamide 

Protocol A was followed using 1-naphthoyl chloride instead of thiophene-2-carbonyl 

chloride to yield comp01md ARE137 as a yellow solid. 

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

C1sH1JN"30$i = 315.40 

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

white solid. 

Mass spectrum: m/z (%): 314.0 (M+H, 100) Calculated for C1sH13N30S2 = 313.05 

HPLC retention time: 3.38 min 

Preparation 15 

Preparation and Analysis of 
ARE139 N-(2-thioxo--imidazolidine-1-carbothioyl)- benzothiophen-2-carboxamide and 
ARE140 N-{5,6-dihydro-3H-im.idazo[2,1-c]-l,2,4-dithiazol-3-ylidene)-benzothiophen-2-
carboxamide 

Protocol A was followed using benzo[b]tbiophene-2-carbonyl chloride instead of 

thiophene-2-carbonyl chloride, to yield compound ARE139 as a yellowish solid. 

Mass spectrum: m/z (%):160.8 (100), 321.8 (M+H, 51) Calculated for 

HPLC retention time: 3.92 min 

Protocol B was followed using ARE139 instead of AREl 11 to yield compound 

ARB140 as a white solid. 

Mass spectrum: m/z (%): 320.0 {M+H, 100) Calculated for C13H9N30S3 = 318.99 

HPLC retention time: 3.47 min 

Preparation 16 

Preparation and Analysis of 
ARE143 N-{2-thioxo-lmidazolidine-1-carbothioyl)-furan-2-carboxamide and 
ARE144 N-(5,6-dihydro-3H-im.idazo[2,1-c]-1,2,4-ditbiazol-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: mlz (%): 256.0 (M+H, 100) Calculated for 4H~302S2 = 255.00 
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HPLC retention time: 2.86 min 

Protocol B was followed using ARE143 instead of ARElli 'to yield compound 

ARE144 as a white solid. 

Mass spectrum: m/z (%): 254.2 (M+H, lOO}Calculated for C9HsiN302S2 = 253.00 

HPLC retention time: 2.13 min 

Preparation 17 

Preparation and An8Iysis of 
ARE148 N-(5,6-dihydro-3H-imidazo[2,1-c]-1,2,4-dithiazol-3-ylidene)-2,5-
dim.ethylisoxazole-4-carboxamide 

Protocol A was followed usmg 2,S-dimethylisoxazole-4-carbonyl chloride instead of 

tbiophene-2-carbonyl chloride to yield compound N-(2'."tbioxo-imidazolidine-1-carbotbioyl)-

2,5-climethylisoxazole-4-carboxamide as a yellowish solid 

Protocol B was then followed using the above compound instead of AREl 11 to yield 

com.pound ARE148 as a white solid. 

Mass spectrum: mlz {%): 283.0 (M+H, 100) Calculated for C1oH1oN40iS2 = 282.02 

HPLC retention time: 2.53 min 

Preparation 18 

Preparation and Analysis of 
ARE149 N-(2-thioxo-imidazolidine-1-carbothioyl)-isoxazole-3-carboxamide and 
ARElSO N-(5,6-dihydro-3H-imidazo[2,1-c]-1,2,4-dithiazol-3-ylidene)-isoxazole-3-
carboxamide · 

Protocol A was followed using isoxazole-3-carbonyl chloride instead of thiophene-2-

carbonyl chloride to yield compound ARE149 as a yellowish solid 

Mass spectrum: m/z {%): 257.0 (M+H, 100) Calculated forCsHsN40iSi = 255.99 

HPLC retention time: 2.76 min 
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Protocol B was followed using ARE149 instead of AREl 11 to yield compound 

ARE150 as a white solid. 

Mass spectrum: m/z (%): 255.2 (M+H, 100) Calculated for Csli6N402S2 = 253.99 

HPLC retention time: 2.09 min 

Preparation 19 

Preparation and Analysis of 
ARE151 N-(2-thioxo-imidazolidine-1-carbothioyl)-2-( 4-chlorophenyl)-3-
(tritluoromethyl)pyrazole-4-carboxamide and 
ARE152 N-(S,6-dihydro-3H-imidazo[2,l-c]-l,2,4-dithiazol-3-ylidene)- 2-(4-chlorophenyl)-
3-(tri.Ouoromethyl)pyrazole--4-carboxamide 

Protocol A was followed using 2-( 4-chlorophenyl)-3-(tritluorometbyl)pyrazole-4-

carbonyl chloride instead ofthiophene-2-carbonyl chloride to yield compound ARE151 as a 

yellowish solid 

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

HPLC retention time: 4.25 min 

Protocol B was followed using ARE151 instead of ARElll to yield compound 

ARE152 as a white solid. 

Mass spectrum: mlz (%): 431.8 (M+H, 100) Calculated for 

C1sH9ClF3NsOS2 = 431.8 

HPLCretention time: 3.77min 

Preparation 20 

Preparation and Analysis of 
ARE153 N-(2-thioxo-lmidazolldine-1-carbothioyl)-2-(4-chlorophenyl)-3-
(trifluoromethyl)pyrazole-4-carbo~de 
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Protocol A was followed using 2-methyl-5-phenylisoxazole:.4-carbonyl chloride ~d 

of tbiopqene-2-carbonyl chloride to yield compound ARE153 as a yellowish solid. 

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

HPLC retention ~e: 4.57 min · 

Preparation 21 

Preparation and Analysis of 
ARE154 N-(2-thioxo-imidazolidine-l-carbothioyl)-pyridine-2-methylthio-3-carbo:omide . 

Protocol A was followed using pyridllie2-methyltbio-3-carbonyl chloride instead of · 

thiophene-2-carbonyl chloride to yield compound ARE154 as a yellowish solid. 

Mass spectrum: m/z (%): 152.2 (100), 313.2 (M+H, 100) Calculated for C11H1iN40S3 = 

312.02 

HPLC retention time: 3.31 min 

Preparation 22 

Preparation and Analysis of 
ARE1SS N-(2-thioxo-imidazolidine-1-carbothioyl)-pyridine-3-carboxamide and 
ARE156 N-(5,6-dihydro~3H-imidazo(2,1-c]-1,2,4-dithiazol-3-ylidene)-pyridine-3-
carboxamide 

Protocol A was followed using pyricline-3-carbonyl chloride instead of thiophene-2-

carbonyl chloride to yield compound ARE155 as a yellowish solid. 

Mass spectrum: m/z (%): 165.0 (100), 267.0 (M+H, 50) 
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HPLC retention time: 229 min 

Protocol B was followed using ARE155 :instead of AREi 11 to yield compound ARE156 

as a white solid. 

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

Calculated for C1oHsN40S2 = 264.01 

HPLC retention time: 1.87 min 

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 various 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 relationship 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 "smallmolecule 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 artisan are encompassed 

within the above disclosure and the claims that follow. 
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CLAIMS· ·. 1:1111111111111111111111111 1111 
. C L M S * 

· What is claimed is: · 

1. A small molecule, GPR6 inverse agonist. 

2. A method for modulating by inverse agonism the G protein-coupled receptor, GPR6, 
comprising the step of contacting GPR6 with a smallmolecule GPR6 inverse agonist. 

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

wherein R1
, R2

, R3
, R4

, and R5 are each independently selected from the following: 

H, F, Cl, Br, I, R12, CF3, CF2R12, CF2CF2, CCl3, . CChR12, CChCChR12, NR13R14, . 

NR15COR12, NR15SO:zR12, OR12, OCF3, OCF:zR12;. OCF2CF:zR12, OCOR12, OSO:zR12, 

OPO(OR12) 2, SR12, SCF3, SCF:zR-12, SCF2CF2R12, SCOR12, S03R12, SOiNR,13R14, PO(OR12)3, 

PO(OR12):zR12, NOi, CN, CNR15(NR13R14), CNR15(SR12), COOR12, COSR12, CONR13R14, 

and 

wherein any two adjacent positions ofR1, R2,R3
, R4, andR5 can be joined by a chain 

selected from CHCHCHCH, CH2CH2CH2CH2, CHCHCH2, CH2CH2CH2, CH2CH2, 

SCH2S, SCH2CH2S, OCH20, and OCH2CH20 to form a bi-cyclic structure; 

R6 and R7 are each independently selected from H, C1.s straight chain alkyl, branched alkyl, · 

C3.g cycloalkyl, C4.9 alkylcycloalkyl or cycloalkylalkyl; Ci-8 alkenyl, aryl and alkylaryl; 
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R8,, R.9, R10, and R11 are each independently selected· from H, C1-s straight cham alkyl, 
I 

branched alkyl, C3.8 cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl,, C2.s alk:enyl,, aryl and 

alkylaryl; 

R12 is selected from H, C1-s straight chain alkyl, branched alkyl, C3.s cycloalkyl, C4.9 

. and (CH2)mCQiH wherein n is 2 through 6 and mis 1 through 6; 

R13 and R,14 are each independently selected from H, C1-s straight chain alkyl, branched alkyl, 

C2-s alk:enyl, cycloalkyl, alkylcycloalkyl, cycloalkylalkyl, aryl, and CH2aryl, wherein each 

said aryl group or said aryl portion of said CH2aryl group may be optionally substituted by up 

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

from: 

NHCOCilis, NHCOC3H1, NHCOC4ff9, NHS02CH3,, NHS02Cilis, NHS02C3H1,, 

NHSOiC.iff9, OH, OCH3, OC2l!s, OC3H1, OC.iff1, OC4H9, OCsH9, OCsH1i, OCl)ll1i, 

SCGffn, SCiff13,, SCF3, SCOCH3, SCOCiffs, SCOC3H1, SCOC..If9, S03CH3, 

S03C2lJs, S03C3H1, S03C.iff9, SOiNH2, S02NHCH3, ~OiN(CH3)2, SOiNHC:iHs,, 

S02N(Cilis)2, SOiNHC3H1, SO~(C3H1)2, SOiN'HCdf9, SOiN(C,JI9)2, N02, CN, 

COOCH.3, COOCi!fs, COOC3H1, COOC.£9, COSCli3, COSCilis, COSC3H1, 
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COSC4Ef9, CONH2, CONHCH3, CON(CH3)2, CONHCills, CON(Cills)2, CONHC3H7, 

CON(C3H1)2, CONHC.µ{9, CON(C.µ{9)2; and 

wherein when R13 and/or R14 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, 

OCH20, and OCH2CH20 to form a bi-cyclic structure; or 

R13 and R14 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 0, N and S and said cyclic structure may be optionally 

substituted by up to four substituents in any position independently selected 

from: 

NHCills, N(Cills)2, NEC3H1, N(C~1)2, NHC4Ef9, N(C4Ef9)2, 

NHCOH, NHCOCH3, NHCOC2Hs, NHCOC3H1, NHCOC"119, 

NHS02CH3, NHS02Cills, NHS02C3H7, NHS02CJI9, OH, oc~. 

SCOC3H1, SCOC.µ{9, S03CH3, S03Cilis, S03C3H1, S03CJI9, 

S02NH2, SO:iNHCH3, SOiN(CH3)2,. SOiNHC:iHs, S02N(Cills)2, 

SQiNHC3H1, SOiN(C3H1)2, SQiNHCJI9, SOiN(CJI9)2, N02, CN, 
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COOCH3, COOCiHS, COOC:Ji1, COOC.JI9, COSCH3, COSC.iHs, 

COSC3H7, COSC"1!9, CONH2, CONHCH3, CON(CH~)2, CONHCiHs, 

CON(C:iH.s)i; CONHC3H1, CON(C3H1)2, CONHC.µ!9, CON(C"1f9)2; 

or 

wherein· when · R13 and R14 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, CH2CHzCH2CH2. CHCHCH2, 

CH2CH2CH2, CH2CH2. SCH2S, SCH2CH2S, OCH20, or OCH2CffiO to fomi a 

bi-cyclic structure; and 

R15 is selected :from H, C1-s straight chain alkyl, branched alkyl, C3.s cycloalkyl, C+9 

alkylcycloalkyl or cycloalkylalkyl, and C2.8 alkenyl. 

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

wherein R1
, R2

, R3
, R4

, and R5 are each independently selected :from the following: 

H, F, Cl, Br, I, R12, CF3, CFiR,12, CF2CF2, CCh, CChR12, CC!iCChR.12, NR13R14, 

NR15COR12, NR15SOiR.12, OR.12, OCF3, OCFiR.12, OCF2CFiR.12, OCOR12, OSQiR.12, 

OPO(OR12}2, SR12, SCF3, SCF2R12, SCF2CFiR.12, SCOR12, S03R12, SOiNR13R.14, PO(OR12)3, 

PO(OR12)2R.12, NOi, CN, CNR1s(NR13R14), CNR.1s(SR.12), COOR12, COSR12, CONRt3Rt4, 

and 
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wherein any two adjacent positions ofR1
, R.2, R3

, R4
, and R5 _can be joined by a chain 

selected. from CHCHCHCH, CH2CH2CH2CH2 •. ClJCHCH2, CH2CH2CH2, CH2CH2, 

SCH2S, SCH2CH2S, OCH20, and OCH2CH20 to form a bi-cyclic structure; 

R6 and R7 are each independently selected from,H, C1-a straight chain alkyl, branched alkyl, 

C3_g cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl, Ci-s a,lkenyl, aryl and alkylaryl; 

R8
, R.9, R10

, and R.11 are each independently selected from H, C1-a straight cham alkyl, 

branched alkyl, C3_8 cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl, Ci-s alkenyl, aryl andr 

alkylaryl; 

R.12 is ~elected from H, C1-s straight chain alkyl, branched alkyl,· C3_s cycloalk:yl, C4-9 

and (CH2)mCOili wherein n is 2 through 6 and mis 1 through 6; 

R13 and R14 are each independently selected :from H, Ci-s straight chain alkyl, branched alkyl, 

C2-s alkenyl, cycloalkyl, alk:ylcycloalkyl, cycloalk:ylalkyl, aryl, and CH2aryl, wherein each 

said aryl group or said aryl portion of said CH2aryl group may be optionally substituted b)'.' up 

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

from: 

F, Cl, Br, I, CF3, CCh, CH3, Cills, CJH1, C~9, NH2, NHCH3, N(CH3)2, NHCilis, 

N(C2Hs)2, NHC3H1, N(C3H1)2, NHC~9, N(C~9)2, NHCOH, NHCOCH3, 

NHCOCz}Is, NHCOCJli1, NHCOC,JI9, NHS02CH3, NHS02C:zlis, NHS02C:Jl1, 
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SC6li1i, SCtJli13,, SCF3, SCOC&, SCOCiHs, SCOC~1. SCOCJI9, S03CH3, 

S03C:zlls, S03C3H1, S03C.µI9, SO:iNH2, SO:iNHCH3, S02N(CH3)2, · SO:iNHC2Hs, 

S02N(C:Jls)2, S02NHC3H1, SO~(C3H1)2, SO~C.µI9, SO~(CJI9)2, N02, CN, 

COOCH3, COOC:zHs, COOC3H1; COOC.µI9, COSCH3, COSC:zlis, COSC~1, 

COSC4IJ9, CONH2, CONHCH3, CON(CH3)2, CONH~s, CON(C:zlls)2, CONHC3H1, 

CON(C~1)2, CONHC,£9, CON(C.ill9)2, and 

wherein when R.13 and/or R14 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, 

OCH20, and OCH2CH20 to fo~ a bi-cyclic structure; or 

R13 and R14 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 0, N and S and said cyclic structure may be optionally 

substituted by. up to four substituents in any position independently selected 

from: 

NHC:zHs, N(C:zHsh, NHC3H1, N(C~1)2, NHC.µI9, N(CJI9)2, 

NHCOH, NHCOCH3, NHCOC:zlis, NHCOC3H1, NHCOC.Jl9, 
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OCF3, OCOCH3, OCOCaHs, OCOC3H1, OCOC.£9, OS02CH3, 

OS02Cilis, OS02C:J!1, OSOiC.£9, SH, SCH3, SCilis, SC3H1, SC.£1, 

SOiNH2, S02NHCH3, SOiN(CH3}2; · SOiNHC.iHs, S02N(Calfs}2, 

· SOiNHC:iH1, SOiN(C3H1)2, SOiNHC.J!S>, SO:zN(C,£9)2, NOi, CN, 

COOCH3, COOCiHs, COOC3H1, COOC.i}l9, COSCH3, COSCilis, 

COSC~1. COSC.£9, CONH2, CONHCH3, CON(CH3)2, CONHC.iHs, 

CON(Calfs)2, CONHC3H1, CON(C3H1)2, CONHC.Jl9, CON(C.£9)2; 

or 

wherein when R13 and R14 form an aryl ring substituted. at two adjacent 

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

bi-cyclic structure; and 

R15 is selected from H, C1-s straight chain alkyl, branched alkyl, C3.s cycloalkyl, C4.9 

alkylcycloalkyl or cycloalkylalkyl, and Ci-s alkenyl. 

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

follows: 

' \ \11111\ \1\11\ 1111111111111111 . 
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wherein R1
, R2

, R3
, R4

, and R5 are each independently selected from the following: 

H, F, Cl, Br, I, R12, CF3, CFaR.12, CF2CF2, CCl3, CClaR.12, CChCChR12, NR13R14, 
NR15COR12, NR15SQaR.12, OR12, OCF3, OCFiR12, OCF2CFiR12, OCOR12, OSOaR.12, 

OPO(OR12)2, SR12, SCF3, SCFiR12, SCF2CF~12, SCOR12, S03R12, SOiNR13R14~ PO(OR12)3, 

PO(OR12)iR12, N~, CN, CNR15(NR13R14), CNR15(SR12), COOR12, COSR12, CONR13R14, 
and 

wherein any two adjacent positions ofR1
, R2

, R3
, R4

, and R5 can be joined by a chain 

R8
, R', R16

, and R11 are each independently selected from H, C1-s straight chain alkyl, 

branched alkyl, C3.3 cycloalkyl, C+9 alkylcycloalkyl or cycloalkylalkyl, C2-s alkenyl, aryl and 

alkylaryl; 

R12 is selected from H, C1.8 straight chain alkyl, branched alkyl, C3-a cycloalkyl, C+9 

alkylcycloalk.yl or cycloalkylalkyl, C2-aalkenyl, aryl,.alkylaryl, (CH2)nNR.13R14, (CH2)mS03H, 

and (CH2)mCOiH wherein n is 2 through 6 and m is 1 through 6; 

R13 and R14 are each indep_endently selected from H, C1-a straight chain alkyl, branched alkyl, 

Ci-s alkenyl, cycloalkyl,, alkylcycloalkyl, cycloalkylalkyl, aryl and CH2aryl, wherein each said 

aryl group or said aryl portion of said CH2aryl group may be optionally substituted by up to 

four substituents in any position independently selected from: 

fi 
!, 

· 11111111 1111111111111111111111 * ., C L M · . S '· * 
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F, Cl, Br, I, CF3, CCl3, CH3, Cilis, C3H1, C4}1g, NH2, NHCH3, N(CH3)2, NHCiH5, 

N(CiHs)2, NHCiH1, N(CJH1)2, NHC4}l9, N(CJI9).i, NHCOH, · NHCOCH3, 

NHCOC2Hs, NHCOCiH1, NHCOC4}l9, NHS02CH3, NHS02CiHs, NHSO,.C3H1, 

SC6H11, SC6H13,, SCF3, SCOCH3, SCOC.iHs, SCOCiH1, SCOC4ff9, S03CH3, 

S03Cilis, S03C3H1, S03C4Hs,, S02NH2, S02NHCH3, SOiN(CH3)2, S02NHCiHs, 

SOiN(C:zlis)2, S02:NHC3H1, SOzN(C3H1)2, SOzNHC4ff9, S02N(C4f19)2, N02, CN, 

COOCH3, COOCiHs, COOC3H1, COOC41I9, COSCH3, COSCiHs, COSC3H7, 

COSC41I9, CONH2, CONHCH3, CON(CH3)2, CONHCills, CON(C2Hs)2, CONHC3H1, 

CON(C3H1)2, CONHC4H9, CON(C.µ!9)2, and 

wherein when R13 and/or R14 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, CH2CH2CH2CH2, CHCHCH2, 

CH2CH2CH2, CH2CH2, SCH2S, SCH2CH2S, OCH20, or OCH2CH20 to form a 

bi-cyclic structure; or 

R13 and R14 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 0, 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: 
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NHCilis, N(CiHs)i, NHC3H1, N(C3H1)2, NHC.ili9, N(C.ili9)2, 

NHCOH, NHCOCH3, NHCOCiHs, NHCOC3H1, NHCOC£9, 

OS02CiHs, OS02CiH1, OSOiC£9, SH, SCH3, SCiHs, SC3H1, SC,.H1, 

SC£9, SCsH9, SCsH11, SC6li1i, SC6H13,, SCF3, SCOCH3, SCOCiHs, 

SCOC3H1, SCOcµI9, S03CH3, S03C2Hs, S03CJH1, S03C.ili9, 

S02NH2, SOiNJiCH3, SO:zN(CH3)2, SOiNHC:ilis, SOiN(C:ilis)2, 

S02NHC3H1, SOiN(CJH1)i, SO:iNHC"1J9, SOiN{C"1J9)2, NOa, CN, 

COOCH3, COOCilis, COOC3H1, COOC4ff9, COSCHJ, COSCilis, 

COSC3H1, COSC£9, CONH2, CONHCH3, CON(CH3)2, CONHCilis, 

CON(Cilis)2, CONHCJH1, CON(C3H1)2, CONHC£9, CON(C.ili9)2, 

and 

wherein when R13 and R14 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, CH2CH2CH2CH2, CHCHCH2, 

CH2CHaCH2, CH2CH2, SCH2S, SCH2CH2S, OCH20, or OCH2CH20 to form a 

bi-cyclic structure; and 

R15 is selected from H, C1-s straight chain alkyl, branched alkyl, C3_g cycloalkyl, C4_9 

alkylcycloalkyl or cycloalkylalkyl, andC2-s alkenyl. 

·I IHllll llllll.;llllUllllJI 1111.: .. . * C L · M :· S · * · ... ~ 
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6. · · The method of claini 2 wherein the GPR6 inverse agonist js structurally represented 

as follows: 

wherein R1, R.2, R3
, R4

, .and Rs are each independently selected. from the following; 

H, F, Cl, Br, I, R12, CF3, CFiR.12, CF2CF2, CCl3, CCl:zR12, CCl2CCliR.12, NR13R14, 

NR15COR12, NR15SOiR.12, OR12, OCF3, OCFiR.12, OCF2CFiR.12, OCOR12, OS02R12, 

OPO(OR12)2, SR12, SCF~,SCFiR.12, SCF2CF2R12, SCOR~2, S03R12, SOiNR.13R14, PO(OR12)3, 

PO(OR12)iR.12, NQi, CN, CNR15(NR13R14); CNR15(SR12), COOR12, COSR12, CONR13R14, 

and 

wherein ~y two adjacent positions ofR1
, R.2, R3 

'· R4
, and Rs can be joined by a chain 

R8
, R', R10

, and R11
. art'. each in.dependently selected from H, C1-s straight chain alkyl, 

. branched alkyl, C3_8 cycloalkyl, C4-9 alkylcycloalk:yl or cycloalk:ylalkyl, C2.s alkenyl, aryl and 

alkylaryl; 

, 1,lllj !llJ~ mlll~D 1111'; , · 
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R12 is selected :from H, Ci..S straight chain alkyl, brancliM alkyl, C3-a cycloalkyl, C4-9 
.. 

alkylcycloalkyl or cycloalkylalkyl, C2-s alkenyl, aryl, alkylaryl, (CH2)nNR13R14, (CH2)mS03H, 

and (CH2)mCO:zH wherein n is 2 through 6 and mis 1 through 6; 

R13 and R14 are each independently selected from H, C1.8 straight chain alkyl, branched alkyl, 

C2.s alkenyl, cycloalkyl, alkylcycloalkyl, cycloalkylalkyl, aryl and CH2aryl, wherein each said 

aryl group or said aryl portion of said CH2aryl group may be optionally substituted by up to 

four substituents in any position independently selected from: 

NHS02CJI9, OH, OCH3, OCzHs, OCJH1, OCJI1, OC.JI9, OCsff9, OCsH1i, OCGliii, 

OC6H13, OCF3, OCOCIIJ, OCOC:z}Is, OCOCJH1, OCOCJI9, OS02CHJ, OS02C:zlis, 

OS02C3H1, OS02C.Jl9, SH, SCH3, SCiHs, SC3H1, SC,.H1, SC,.H9, SCsH9, SCsHn, 

SC6H11, SCGli13,, SCF3, SCOCH3, SCOCiHs, SCOCJH1, SCOCJl9, S03CH3, 

S03Czlis, SQ3C3H1, S03C.ilf9, SOiNliz, SOzNHCli3, SO;zN(CH3)2, S02NHCiHs, 

SOiN(C:zHs)2, SOzNHCJH1, SOiN(CJli1)2, SOiNHCJl9, SOiN(CJl9)2, N()z, CN, 

COOCHJ, COOC:Jls, _COOCJH1, CO~C.Jl9, COSCH3, COSC:J!s, COSC3H7, 

COSCJI9, CONH2, CONHCH3, CON(CH3)2, CONHC:zlis, CON(C:zlis)2, CONHC3H1, 

CON(C3H1)2, CONHC.JI9, CON(C.Jl9)2, and 

wherein when R13 and/or R14 contam 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, 
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bi-cyclic strUcti.Jre; or 

R 13 and R14 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 0, 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: 

NHCiHs, N(C:zlis)2, NHC3H1; N(C3H1)2, NHC.µ19, N(C.µ19)2, 

NHCOH, NHCOCH3, NHCOCiHs, NHCOC3H7, NHCOC.µ{9, 

NHS02CH3; NHS02CiHs, NHSOiC3H1, NHSQiC,JI9, OH, OCH3, 

OC:zlis, OC3H1, OC.µ{7, OC.µ{9, OCsH9, OC.sH11, OC()lin, OC6H13, 

OSOiC2Hs, OS02C:JI1, OS02C4Hg, SH, SCH3, SCiHs, S~H1, SC.µ{1, 

SC.Ji9, SCsff9, SCsHu, SC6H11, SC(}li13,, SCF3, SCOCH3, SCOC:Jls, 

SOiNH2, S02NHCH3, SOiN(CH3)2, S02NHCilis, SO~(C.ills)2, 

SOiNHC3H1, SQiN(C3H1)2, SO.iNHC4H9, S02N(CJl9)2, NQi, CN, 

COOCH3, COOC.ilis, COOC3H1, COOC.µ!9, COSCH3, COSCiHs, 

COSC3H1, COSC4H9, CONH2, CONHCH3, CON(CH3)2, CONHCiHs, 

CON(Cilis)2, CONHC3H1, CON(C3H7)2, CONHC,JI9, CON(C4H9)2, 

and 
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wherein when R13 and R14 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, CH2ClhCH2CH2, CHCHCH2, 

CH2CH2CH2, CH2CH2, SCH2S, SCH2CH2S, OCH20, or OCH2CH20 to fortn a 

bi-cyclic structure; and 

R15 is selected from H, C1-s straight chain alkyl, branched alkyl, C3_g cycloalkyl, C4-9 

alkylcycloalkyl or cycloalkylalkyl, andC2-s a1kenyl; 

7. The small molecule, GPR6 inverse agonist of claim 1 s1ructurally represented as follows: 

wherein at least one ofV, W, X, Y and Z is selected from N and each ofV, W, :X, Y, and Z 

that is/are not N are indep~dently selected from CR1, CR2, CR3, CR4, and CR5
, with the 

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

R1
, R2

, R3
, R4, and R5 are each independently selected from the following: 

H, F, Cl, Br, I, R12
, CF3, CFaR12, CF2CF2, CCl3, CChR12, CChCClaR12, NR13R14, 

NR15COR12, NR15SOiR12, OR12, OCF3, OCFiR,12, OCF2CFiR,12, OCOR12, OSOiR,12, 

OPO(OR12)2, SR12, SCF3, SCFaR12, SCF2CFaR12, SCOR12, SOJR12, S02NR13R14, PO(OR12)3, 

PO(OR12)aR12, NC>a, CN, CNR1s(NR13R14), CNR1s(SR12), COOR12, COSR12, CONR13R14, 

and 

] 1111111 111111· 11111 I 1111 111111 ; : 
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.wherein any two adjacent positions ofR1
, W; R3

, R4; andR5 can be joined by a chain 

SCH2S, SCH2CH2S, OCH20, and OCH2CH20 to form a bi-cyclic structure; 

R8
, R', R10

, and R11 are each independently selected from H, C1-s straight chain alkyl, 

branched alkyl, C3.s cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl, C2-s alkenyl, aryl and 

alkylaryl; 

R 12 is selected from H, C1-s straight chain alkyl, bni.nched alkyl, C3.s cycloalkyl, C+9 

alkylcycloalkyl or cycloalkylalkyl, C2-s alkenyl, aryl, alkylaryl, (CH2)nNR13R14, (CH2)mS03H, 

and (CH2)mCOiH, wherein n is 2 through 6 and mis 1 through 6; 

R13 and R14 are each independently selected from H, C1-s straight chain alkyl, branched alkyl, 

C2-s alkenyl, cycloalk.yl, alkylcycloalkyl, cycloalkylalkyl, aryl and CH2aryl, wherein each said 

aryl group or said aryl portion of said CH2aryl group may be optionally substituted by up to 

four substituents in any position independently selected from: 

N(Cilis)2, NHC3H1, N(C3H1)2, NHCJI9, N(CJI9)2, NHCOH, NHCOCH3, 

NHCOC~s, NHCOC3H1; NHCOCtiH9, NHS02CH3, NHS02~Hs, NHS02~H1, 

OS02CJ1!1, OS02C.iH9, SH, SCH3, SC2Hs, SC3H1, SC.Jf1, SC~9, SCsff9, SCsHn, 

SCc;Hu, SC6H13,, SCF3, SCOCH3, SCOCiHs, SCOC3H1, SCOC~g, S03CH3, 
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S03C:zHs, SOJCJH1, S03C~9, SOiNH2, SO:iNHC~. SO:iN(CH3)2, SOiNHC:iH.s, 

SO:iN"(Cilis)2, SO;zNHC3H1, SO:iN(C3H7)2, SOiNHC4H9, S02N(C.¥!9)2, N02, CN, 

COOC}h, COOCilis, COOC3H1, COOC~9, COSCH3, COSCiHs, COSC3H1, 

COSCJ{9, CONH2, CONHCH3, CON(CH3)2, CONH®s, CON(C2lis)2, CONHC3H1, 

CON(C3H1)2, CONHC~9, CON(C~9)2, and 

wherein when R13 and/or R14 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, CH2CH2CH2CHi. CHCHCH2, 

CH2CH2CH2, CH2CH2, SCH2S, SCH2CH2S, OCH20, or OCH2CH20 to form· a 

bi-cyclic structure; or 

R13 and R14 form part of a 5, 6 or 7 membered saturated cyclic structure or s·,6 

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

containing up to four heteroatoms selected from 0, 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: 

Hllllll 11111111111 1111111 1111 
* C L M S * 

NHC:zHs, N(Cilis)2, NHCJH1, N(C3H1)2, NHCJI9, N(CJ!9)2, 

NHCOH, NHCOC}h, . NHCOC:zlis, NHCOC3H1, NHCOC~9, 

NHS02CH3, NHSQiC:zHs, NHSQiC3H1, NHSQiC4H9, OH, OCH3, 

OCF3, OCOCH3, OCOCilis, OCOC3H7, OCOCJI9, OS02CH3, 

OS02Cilis, OS02CJH1, OS02C£9, SH, SCH3, SC:iHs, SCJI1, SCJI1, 
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SCOC:JI1, SCOC.JI9, S03CH3, S03Cills, · S03CJH1, S03C.tll9, 

SOiNH2, S02NHCH3, SOiN(CH3)2, S02NHCilis, S02N(Cilis)2, 

S02NHC3H1, SOiN(C3H1)2, SO:iNHC.tll9, SOiN(C;µI9)2, N02, CN, 

COOCH3, COOCiHs, COOC3H;, COOC.tll9, COSCH3, COSCilis, 

COSC3H1, COSC.tll9, CONH2, CONHCH3, CON(CH3)2, CONHCills, 

CON(CiHs)2, CONHC3H1, CON(C3H1)2, CONHC4H9, CON(C.tll9)2, 

and 

_wherein when R13 and R14 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, CH2CH2CH2CH2. CHCHCH2, 

bi-cyclic structure; and 

R15 is selected from H, C1-s straight chain alkyl, branched alkyl, C3.s cycloaJkyl, C4-9 

alkylcycloaJkyl or cycloalkylalkyl, and Cu alkenyl. 

8. The method of claim 2 wherein the small molecule, GPR6 inv~e agonist is 

structurally represented as follows: 

-Mllf Ill llf 11111111 1111111 1111 
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wherein at least one ofV, 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 CR1, CR2, CR3, CR4
, and CR5

, with the 

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

R1
, R2

, R3
, R4

, and R5 are each independently selected from the following: 

H, F, Cl, Br, I, R 12, CF3, CFiR,12, CF2CF2, CCh, CCliR,12, CChCCliR,12, NR.13R14, 

NR15COR12, NR15SOiR12, OR12, OCF3, OCFiR,12, OCF2CFiR12, OCOR12, OSOiR.12, 

OPO(OR12)2, SR12, SCF3, SCF;R12, SCF2CFiR12, SCOR12, SOJR.12, S02NR13R14
, PO(OR12)3, 

PO(OR12)iR12, NOi, CN, CNR1s(NR13R14), CNR.1s(SR12), COOR12, COSR12, CONR13R14, 

and 

wherein any two adjacent positions of R1
, R.2, R3

, R4
, and R5 can be joined by a chain 

R8
, R', R10

, and R11 are each independently selected from H, C1-s straight chain alkyl, 

branched alkyl, C3.s cycloalkyl, C4.9 alkylcycloalkyl or cycloalkylalkyl, C2-s alkenyl, aryl and 

alkylaryl; 

R12 is selected from H, C1-s straight chain alkyl, branched alkyl, C3-s cycloalkyl, C4.9 

alkylcycloalkyl or cycloalkylalkyl, C2-s alkenyl, aryl, alkylaryl, (CH2)nNR13R14, (CH2)mS03H, 

and (CH2)mCOil!, wherein n is 2 through 6 and mis 1 through 6; 
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R13 and R14 are each·independently selected from H, C1.8 straight chain alkyl, branched alkyl, 

Cu alkenyl, cyclOalkyl, alk:ylcycloalkyl, cycloalkyla1kyl, aryl and CH23tyl, wherein each said 

aryl group or said aryl portion of said CH2aryl group may be optionally substituted by up to 

four substituents in any position independeatly selected from: 
. . 

F, Cl, Br, I, CF3, CCl3, CH3, Calls, C3H7, C~, NH2, NHCH3, N(CH3)2, NHCiH.s, 

N(Cilis)a, NHC3H1, N(C3H1)2, NHC4li9, N(C.ili9)2, NHCOH, NHCOCH3, 

NHCOCiHs, NHCOC)li1, NHCOCJ!9, NHSQiCH3, NHS02Calls, NHSQiC3H1, 

NHS.02C.ili9, OH, OCH3, OCiHs, OC3H1, OCJI1, OC.µ!9, OCsH9, OCsH1i, OC~1i, 

OC6H13, OCF3, OCOCH3, OCOCalls, OCOC3H7, OCOCJI9, OS02CH3, OS02C2Hs, 

OS(hC3H1, OSQiC4E19, SH, SCH3, SC:iHs, S~H1, SC£1, SCJI9, SCsH9, SCsHu, 

S03Ciffs, S03C3H1, S03CJ{9, SOiNH2, S(hNHCH3, S02N(CH3)2, SOiNHCifls, 

SOiN(Cilis)2, SOiNHC3H1, S02N(C3H1)2, SOiNffC4li9, S02N(CJ{9)2, N02, CN, 

COOCH3, COOC2Hs, COOC:Jl1, COOCJ!9, COSCH3, COSC:iHs, COSC3H1, · 

COSC~9, CONH2, CONHCH3, CON(CH3)2, CONHCiHs, CON(C:Jis)2, CONHC3H1, 

CON(C3H1)2, CONHC.µ!9, CON(C.µ!9)2, and 

wherein when R13 and/or R14 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, CH2CH2CH2CH2, CHCHCH2, 

CH2CH2CH2, CH2CH2, SCH2S, SCH2CH2~, OCH20, or OCH2CH20 to form a 

bi-cyclic structure; or 

\ \ll\11\ \\\I\\ 111\H\l\l \\ \'I\ 
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R13 and R14 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 0, 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: 

NHCil!s, N(C:zlis)i, NHC:JI1, N(C3H1)2, NHC.iH9, N(C~9)2, 

NHCOH, NHCOCH3, NHCOCilis, NHCOC3H1, NHCOC.µI9, 

$C.µI9, SCsHg, SCsHu, SCGH1 i, SCGli13,, SCF3, SCOCH3, SCOC2Hs, 

SCOC3H1, SCOCJl9, SOJCH3, S03Cil!s, S03C3H1, S03C.µJ9, 

SC>iNH2, S02NHCHJ, SOiN(CH3)2, SOiNJICills, S02N(Cilis)2, 

SO.iNffC3H1, SOiN(C3H1)2, S{hNHC~9, SOiN(CJl9)2, N02, CN, 

COSC3H1, COSC~g, CONH2, CONHCH3, CON(CH3)2, CONHCiHs, 

CON(Cills)2, CONHC3H1, CON(C3H1)2, CONHCJl9, CON(C~9)2, 

and 

wherein when R13 and R14 form an aryl ring substituted at two adjacent 

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

. n111111 111111 11111.1111111 111r * C L M · S · * 

SUBSTITUTE SHEET (RULE 26) 



WO Ol/62765. PCT/US00/04945 

123 

CH2CH2CH2, CH2CH2, SCH2S, SCH2CH2S, OCH20, or OCH2CH20 to form a 

bi-cyclic structure; and · 

R15 is selected from H, C1-s straight' cham alkyl, branched alkyl, C3.s cycloalkyl, C4-9 

alkylcycloalkyl or cycloatk:ylalkyl, and C2.s alkenyl. 

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

follows: 

wherein at least one ofV, W, X, Y and Z is selected from N and each ofV, W, X, Y, and Z 

that is/are not N are ind,ependently selected from CR1, CR2, CR3
, CR4

, and CR5, with the 
. ~ - . . . . 

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

R1
, R2

, R3
, R4

, and R5 are .each independently selected from the following: 

H, F, Cl, Br, I, R12, CF3, CF:iR12, CF2CF2, CCl3, CCliR12, CC!iCCliR12, NR13R.14, 

NR15COR12, NR15SQ2R12, OR12, OCF3, OCFiR12, OCF2CFiR12, OCOR12, OS02R12, 

OPO(OR12
)2, SR12, SCF3, SCF:iR12, SCF2CF:iR12, SCOR12

, S0~12, SOiNR.13R.14
, PO(OR12)3, 

and 
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wherein any two adjacent positions of R1
, R2

, R3
, R4~ and R5 can be joined by a chain 

R8
, R', R10

, and R11 are each independently selected from H, C1-s straight chain alkyl, 

branched alkyl, C3-s cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl, C2-s alkenyl, aryl and 

alk:ylaryl; 

R12 is selected from H, C1-s straight chain alkyl, branched alkyl, C3-s cycloalkyl, C4_9 

alkylcycloalkyl or cycloalkylalkyl, Cu alkenyl, aryl, alkylaryl, (CH2)nl~RuR14, (CH2)mS03li, 

and (CH2)mCOiH, wherein n is 2 through 6 and mis 1 through 6; 

R13 and R14 are each independently selected fn?m H, C1-s straight chain alkyl, branched alkyl, 

C2-8 alkenyl, cycloalkyl, alkylcycloalkyl, cycloalkylalkyl, aryl and CH2aryl, wherein each said 

aryl group or said aryl portion of said CH2aryl group may be optionally substituted by up to 

four substituents in any position independently selected from: 

F, Cl, Br, I, CF3, CC13, CHJ, Cills, C3H7, C.,H9, NH2, NHC!h, N(CH3)2, NHCilis, 

N(Cilis)2, NHC3H1, N(C3H1)2, NHC.,H9, N(C£9)2, NHCOH, NHCOCH3, 

NHCOCiHs, NHCOC]li1, NHCOC.µ!9, NHSOiCH3, NHS02Cilis, NHS02C3H1, 

OS(hC3H1, OS02CJI9, SH, SCH3, SCiHs, SCJR1, SC.µ!7, SC.,H9, SCsH9, SCsH1i, 

SC~1 i, SC6H13,, SCF3, SCOCH3, SCOCiHs, SCOC3H1, SCOC.,H9, S03CH3, 

:! 11111111111111:11111 11111111111 . * C L ·.· M ·:· S * 
SUBSTITUTE SHEET (RULE 26) 



WOOt/62765 PCT/US00/04945 

125 

S03Calls, S03C3li1, S03C.ill9, SOiNH2, SOiNHCH3, SO:zN(CH3)2, SOiNHCiHs, 

SOiN(CiHs)2; . SO:iNHC3H1, S02N(C3H1)2, SOiNHC.illsi,. S02N(C.iIIsi)2, NG.!, CN, 

COOCH3, COOCiHs, COOC3H1, COOC.ill9, COSCH3, COSCiHs, COSC3H1, 

COSC~9, CONH2, CONHCH3, CON(CH3)2, CONHCiHs, CON(CiHs)2, CONHC3li1, 

CON(C3H1)2, CONHC~9, CON(C.iII9)2, and 

wherein when R.13 and/or R14 contain an aryl ring substituted at two adjacent 

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

bi-cyclic structure; or 

R13 and R14 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 0, 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: 

NHCiHs, N(CiHs)i, NHC3H1, N(C3li1)i, NHC~si, N(C.ill9)2, NHCOH, 

NHCOCH3, NHCOCiHs, NHCOC3H1, NHCOC.iII9, NHS02CH3, 

NHS02Cills, NHS02C3H1, NHS02C4H9, OH, OCH3, OCiHs, OC3H1, OC;&H1, 
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S03C.iH9, SO.iNH2, SO.iNHC!h, S02N(CH3)2, SOiNH~s, S(hN(Cills)2, 

SOiNHC3H1, SOiN(C3H1)2, S(hNHC£9, SO:zN(C£9)2, NOi, CN, COOCH3, 

COOC.ills, COOC3H1, COOC£9, COSCH3, COSCills, COSC:Jf 1, COSC.µ19, 

CONH2, CONHCH3, CON(CH3)2, CONHCilis, CON(C.2lfs)2, CONHC3H1, · 

CON(C3H1)2, CONHC£9, CON(CJJll9)2, and 

wherein when R13 and R14 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 

R15 is selected from H, C1-s straight . chain alkyl, branched alkyl, C3~ cycloa1kyl, C4-9 

alkylcycloalkyl or cycloalkylalkyl, and C2~ alkenyl. 

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

wherein at least one ofV, W, X, Y and Z is selected from N and each ofV, W, X, Y, and Z 

that is/are not N are independently selected :from CR.1, CR2
, CR3

, CR4
, and CR.5, with the 

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

:: l 1111111111111111111111111 llli: . 
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R1
, R2

, R3
, R4

, and R5 are each independently selected from the following: 

·. H; F, Cl, Br, I, R12; CF3, CFiR.12, CF2CF2; CCh, CCliR.12, CChCC12R.12, NR13R14, 

OPO(OR12}2, SR12, SCF3, SCFiR.12, SCF2CF2R.12, SCOR12, S03R12, SOiNR13R14, PO(OR12}3, 

PO(OR12)2R12, NOi, CN, CNR1s(NR13R.14), CNR1s(SR12), COOR12, COSR12, CONR13R14, 

and 

wherein any two adjacent positions ofR.1, R2
, R3

, R4
, andR5 can be joined by a chain 

R8
, R.9, R10

, and R11 are each independently selected from H, C1-s straight chain alkyl, 

branched alkyl, C3_g cycloalkyl, C4.9 alkylcycloalkyl or cycloalkylalkyl, C2.s alkenyl, aryl and 

alkylaryl; 

R12 is selected from H, C1-s straight chain alkyl, branched alkyl, C3.s cycloalkyl, C4-9 

alkylcycloalkyl or cycloalkylalkyl, Ci-s alkenyl, aryl, alkylaryl, (CH2)nNR13R14, (CH2)mS03H, 

and (CH2)mCO:iH, wherein n is 2 through 6 and mis 1 through 6; 

R13 and R14 are each independently selected from H, C1-s straight chain alkyl, branched alkyl, 

Ci-s alkenyl, cycloa1kyl, alkylcycloalkyl, cycloalkylalkyl, aryl and CH2aryl, wherein each said 

aryl group or said aryl portion of said CH2aryl group may be optionally substituted by up to 

four substituents in any position independently selected from: 
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F, Cl, Br, I, CF3, CC4, CH3, Cilis, C3H1, C.iH9, NH2, NHCH3, N(CH3)2, NHC:ills, 

N(Cilis)2, NHC3H1, N(C3H1)2, NHC£9, N(C4H9)2, NHCOH, NHCOCIIJ, 

NHCOC:zHs, NHCOC:Jf1, NHCOC.Ji9, NHS02CH3, NHS02C:zHs, NHS02C3li1, 

OS02C:Jl1, OS02C.Jf9, ~H, SCH3, SC:zHs, SCJH1, SC£1, SC£9, SCsff9, SCsH11, 

SCc;Hu, SC6H13,, SCF3, SCOCH3, SCOCiHs, SCOCJlf 1, SCOC4H9, S03CH3, 

S03CiJis, S03C3H1, S03C£9, SOiNH2, S02NHCH3, SOiN(CH3)2, S02NHC:Jls, 

S02N(Cilis)2, SOiNHCJlf 1, SQiN(CJli1)2, SOiNHC£9, SOiN(C4H9)2, N02, CN, 

COSC£9, CONH2, CONHCH3, CON(CH3)2, CONHCills, CON(Cilis)2, CONHC3H7,, 

CON(CJli1)2, CONHC£9, CON(C£9)2, and 

wherein when R13 and/or R14 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, CH2CH2CH2CH2, CHCHCH2, 

CH2CH2CH2, CH2C&, SCH2S, SCH2CH2S, OCH20, or OCH2ClliO to form a 

bi-cyclic structure; or 

R13 and R14 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 

contam:ing up to four heteroatoms selected from 0, 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: 

11; 11111111111111111111111111111 : 
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F, Cl, Br, I, CF3, CCh, C~~; C:ilis, C3H1, C~g, NH2, NHCH3, N(CH3)2, 

NHCiHs, N(C:ilis)2, NHC3H7, N(C3H1)2, NHC~g, N(C.i}I9)2, NHCOH, 

NHCOCH3, NHCOCills, NHCOC3H1, NHCOC.i}Ig, NHS02CH3, 

· NHS02C:ilis, NHS02C3H1, NHSOiC.JI9, OH, OCH3, OCiffs, OC3H1, OC<tR1, 

OC.i}I9, OCsHg, OCsHn, OC(;li1i, OC6H13, OCF3, OCOCH3, OCOC:ilis, 

OCOC3H7, OCOC.i}Ig, OS02CH3, OS02Cilis, OS02C3Ih OS02C.£9, SH, 

SCOCH3, SCOC:ilis, SCOC3H1, SCOC.µ!9, S03CH3, S03CiHs, S03C3H1, . 

S03C,JI9, SOiNH2, SOiNHCH3, S02N(CH3)2, S02NHC:ilis, S02N(C2Hs)2, 

SOiNHC3H1, SOiN(C3H1)2, S02NHC,£9, S02N(C~9)2, NO~, CN, COOCH3; 

COOCilis, COOC3H1, COOC.Jis>. COSCH3, COSC:iHs, COSC3H1, COSC.i}I9, 

CONH2, CONHCH3, CON(cH3)2, CONHCiHs, CON(C2Hs)2~ CONHC3H1, · 

CON(C3H1)2, CONHC.JI9, CON(C.JI9)2, and 

wherein when R13 and R14 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 

SCH2CH2S, OCH20, or OCH2CH20 to form a bi-cyclic structure; and 

R15 is selected from H, C1-s straight chain alkyl, branched alkyl, C3.a cycloalkyl, C4-9 

alkylcycloalkyl or cycloalkylalkyl; and C2-s alkenyl. 

11. The small moleclile, GPR6 inverse agonist of claim 1 structurally represented as 

follows: 
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wherein Z is selected :from NR4, 0 and S; 

W, X, or Y are independently selected :from N, CR1
, CR2, and CR3, with the provisio that 

when Z is 0 and Y is N, then Wis CR1 and Xis CR2; 

R1, R2, and R3 are each independently selected from the following: 
H, F, Cl, Br, I, R12, CF3, CFiR12, CF2CF2, CCl3, CCl.iR12, CC!iCChR12, NR13R14, 
NR15COR12, NR.15SQ.iR12, OR12, OCF3, OCFiR12, OCF2CF2R12, OCOR12; OSO.iR12, 
OPO(OR12)2, SR12, SCF3, SCF.iR12, SCF2CFiR.12, SCOR12, S0~12, S02NR13R14, PO(OR12}3, 
PO(OR12)2R12, NOi, CN, CNR1s(NR13Rt4}, CNR1s(SR12), COOR12, COSR12, CONR13R14, 
and 

wherein any two adjacent positions ofR1
, R2

, R3
, R4, and R5 can be joined by a chain 

selected from CHCHCHCH, CH2CH2CH2CH2, CHCHCH2, CH2CH2CH2, CH2CH2. 
SCH2S, SCH2CH2S, OCH20, and OCH2CHiO to fonn a bi-cyclic structure; 

R4 is ·selected from H, C1-s straight chain alkyl, branched alkyl, C3-s cycloalkyl, C4.9 
. alkylcycloalkyl or cycloalkylalk.yl, Ci-s alkenyl, azyl, alkylaryl, COR5

, CSR5
, and SOiR.5; 

R5
, R6 and R7 are each independently selected from H, C1-s straight chain alkyl, branched 

alkyl, C3•8 cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl, Ci-s alkenyl, aryl and alkylaryl; 

R6 and R7 are each independently selected from H, C1-s straight chain alkyl, branched alkyl, 
C3.8 cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl, C2.8 alken.yl, myl and alkylaryl 
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R8
, R9, R10

, and R11 are each independently selected· from H, C1-8 straight chain alkyl, 

branched alkyl, C3.8 cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl, Cu alkenyl, aryl and 

alkylaryl; 

R12 is selected from H, C1.s straight chain alkyl, branched alkyl, C3-s cycloalkyl, C4-9 

alkylcycloalkyl or cycloalkylalkyl, C2-s alkenyl, aryl, alkylaryl, (CH2)nNR13R14, (CH2)mSOJH, 

and (CH2)mCO.zH, wherein n is 2 through 6 and mis 1 through 6; 

R13 and R.14 are each independently selected from H, C1-s straight chain alkyl, branched alkyl, 

C2-s alkenyl or cycloalkyl, or alkylcycloalkyl, or cycloalkylalkyl, or aryl and CH2aryl, 

wherein each said aryl group or said IU)'l portion of said CH2aryl group may be optionally 

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

F, Cl, Br, I, CF3, CCh, CH3, C.zlls, C3H7, C.Jlg, NH2, NHCH3, N(CHJ)2, NHCiHs, 

N(C.zlls)2, NHC3H1, N(C3H1)2, NHCJI9, N(C.4H9)2, NHCOH, NHCOCHJ, 

NHCOC:ilis, NHCO~H1, NHCOCJI9, NHSQiCH3, NHS02C2Hs, NHS02C3H1, 

NHS02Cii1!9, OH, OCH3, OCiHs, OC3H1, OC4H1, OCJ{9, OCsH9, OCsH1i, OCc;H1i, 

OC(;ll13, OCF3, OCOCH3, OCOC:zHs, OCOC3H1, OCOC.µ19, OS02CH3, OS02C2lls, 

OS02C3H1, OS02C~, SH, SCH3, SC:J!s, SC3H1, SC.µ17, SC,JI9, SCsH9, SCsHu, 

SC6Hn, SC(;ll13,, SCF3, SCOCH3, SCOC:zlis, SCOC3H1, SCOCJI9, S03CH3, 

S03C:zlis, S03C3H1, S03CJI9, S02NH2, SO~CH3, SO:zN(CH3)2, S~C:zHs, 

SOiN(C:zHs)2, S02N°HC3H1, SOiN(C3H1)2, SOiNl!CJl9, S02N(CJI9)2, N02, CN, 

COOCH3, COOC:zHs, COOC3H1, COOCJI9, COSCH3, COSC:z}Is, COSC3H1, 

COSCJI9, CONH2, CONHCH3, CON(CH3)2, CONHCiffs, CON(Cills)2, CONHC3H1, 

CON(C3H1)2, CONHCJI9, CON(C.JI9)2, and 

wherein when R.13 and/or R14 contafu 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, CH2CH2CH2CH2, CHCHCH2, 

CH2CH2CH2, CH2CH2, SCH2S, SCH2CH2S, OCH20, or OCH2CH20 to form a 

bi-cyclic structure; or 
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R13 and R14 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 0, 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, CCl3, CH3, Calls, C3H1, CJI9, NH2, NHCH3,N(CH3)2, 
NHCiH.s, N(C2Hs)2, NHC~1, N(C3H1)2, NHC4H9, N(C<JH9)2, 
NHCOH, NHCOCH3, NHCOC2Hs, NHCOC3H1, NHCOCJI9, 
NHS02CH3, NHSQiC~s, NHS02C3H1, NHS(hCJI9, OH, OCH3, 
OCaHs, OC~1, OC4EI1, OC4H9, OCsH9, OCsH11, OC6lin, OC£13, 
OCF3, OCOCH3, OCO~s, OCOC3H1, OCOCJI9, OS02CH3, 
OS02CiHs, OS02CJH1, OS02C.Jl9, SH, SCH3, SCilis, SCJfl1, SC.JI1, 
SC,Jl9, SCsH9, SCsH11, SC6H11, SC6H13,, SCF3, SCOCH3, SCOCiHs, 
SCOC3H1, SCOC¥!9, S03CH3, S03Calls, S03C3H1, S03C£9, 
SOiNH2, SOiNIJCH3, S02N(CH3)2, S02NHCilis, S02N(Cills)2, 
SOiN.HC3H1, SOiN(C3H1)2, SQiNHC.JI9, S02N(C4H9)2, N02, CN, 
COOCH3, COOCilis, COOC3H1, COOC£9, COSCH3, COSCilis, 
COSCJH1, COSCJI9, CONH2, CONHCH3, CON(CH3)2, CONHC2Hs, 
CON(C2lis)2, CONHC3H1, CON(C3H1)2, CONHC,JI9, CON(CJI9)2, 
and 

wherein when R13 and R14 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, CH2CH2CH2CH2, CHCHCH2, 
CH2CH2CH2, CH2CH2, SCH2S, SCH2CH2S, OCH20, and OCH2CH20 to form 
a bi-cyclic structure; and 

R15 is selected from H, C1-s straight chain alkyl, branched alkyl, C3_g cycloalkyl, C4-9 
alk:ylcycloalkyl or cycloalk.ylalkyl, and C2_g alk:enyl. 

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 fro~ NR4, 0 and S; 

W, X, or Y are independently selected from N, .CR1, CR.2, and CR3, with the provisio that 
. .. . 

when Z is 0 and Y is N, th.en Wis CR1 and Xis CR.2; 

R1
, R2, and R3 are each in~ependently selected from the following: 

H, F, Cl, Br, I, R12, ~3, CF2R12, CF2CF2, CCh, CCliR12, CChCChR12, NR13R14, 

NR15COR12, NR15S02R1~, OR12, OCF3, OCFiR12, OCF2CFiR12, OCOR12, OSOiR12, 

OPO(OR12) 2, SR12, SCF~;SCFiR12, SCF2CF2R12, scoR.12, S03R12, SOiNR.13R14, PO(OR12)3, 

PO(OR12)2R
12, NOi, CN, CNR15(NR13R14), CNR15(SR12), COOR12, COSR12, CONR13R14, 

and 

wherein any two adjacent positions ofR1, R2
, R3,.R4

, andR5 can be joined by a chain 

selected from CHCHCHCH, CH2CH2CH2CH2, CHCHCH2, CH2CH2CH2, CH2CH2, 

SCH2S, SCH2CH2S, OCH20, and OCH2CH20 to form a bi-cyclic structure; 

· R4 is selected from H, Ci-s straight chain alkyl, ~Ched alkyl, C3_8 cycloa1kyl, C4-9 

alkylcycloalkyl or cyclo8Ikylalkyl, C:i:-8 alkenyl, aryl, alkylaryl, COR5, CSR5, and SOiR.5; · 

R5
, R6 and R7 are each independently selected from H, C1-s straight cham alkyl, branched 

alkyl, C3.8 cycfoalk.yl, C4-9 alkylcycloalkyl or cycloalkylalkyl, C:i:-s alkenyl, aryl and alkylaryl; 

R6 and R7 are each independently selected from H, C1-s straight chain alkyl, branched alkyl, 

C3-s cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl, C2-s alkenyl, aryl and alkylaryl 
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R8, R', R10, and R11 are·eaCh independently selected :frotd:.H, C1.s straight chain alkyl, 
branched alkyl, C3-a cycloalkyl, C4-9 a1kylcycloalkyl or cycloa1kylalkyl, Cu alkenyl, aryl and 
alkylaryl; 

R12 is selected from H, C1.8 straight chain alkyl, branched alkyl, C3.s cycloalkyl, C4-9 
alkylcycloalkyl or cycloalkylalk.yl, C2-a alkenyl, aryl, alkylaryl, (CH2)nNR13R14, (CH2)mS03li, 
and (CH2)mCOiH, wherein n is 2 through 6 and mis 1 through 6; 

R13 and R14 are each independently selected from H, C1-s straight chain alkyl, branched alkyl, 
C2-a alkenyl or cycloalkyl, or alkylcycloalkyl, or cycloalkylalkyl, or aryl and CH2aryl, 
wherein each said aryl group or said aryl portion of said CH2aryl group may be optionally 
substituted by up to four substituents in any position independently selected from: 

F, Cl, Br, I, CF3, CCl3, CH3, CiHs, C3H1, C4Hg, NH2, NHCH.3, N(CH3)2, NHC2Hs, 
N(C2lis)2, NHC3H~, N(C3H1)2, NHC.ili9, N(C.ili9)2, NHCOH, NHCOCH3, 
NHCOCilis, NHCOC3H1, NHCOC.ili9, · NHS02CH3, NHS02Cilis, NHS02C3H7, 

NHSOiC.ili9, OH, OCH.3, OCills, OC3H1, OC.ili1, OC.ili9, OCsH9, OCsH1 h OC6H1 i, 
OCr;li13, OCF3, OCOCH3, OCOC2Hs, OCOCJH1, OCOC4ff9, OS02CH3, OS02Cllis, 
OSOiC:JI1, OS02C.Jl9, SH, SCH3, SC2lls, SC3H1, SC.ili1, SC;Jfl9, SCsH9, SCsH1 i, . 

SC6Hu, SC6H13,, SCF3, SCOCH3, SCOC2lls, SCOC3H1, SCOC;Jfl9, S03CH3, 
S03C2Hs, S03C3H1, S03C.ili9, S02NH2, SOiNHCH3, S02N(CH3)2, SO:zNHCiHs, 
SOiN(CiHs)2, S02NHC3H7, SOiN(CJH1)2, S02NHC.ilf9, S02N(C.Jl9)2, N02, CN, 
CO.OCH3, COOCilis, COOC3H1, COOC£9, COSCH3, COSCiHs, COSCJH7, 

COSC.iff9, CONH2, CONHCH3, CON(CH3)2, CONHCilfs, CON(CiHs)2, CONHC3H1, 
CON(C3H1)2, CONHC£9, CON(C.Jl9)2, and 

wherein when R13 and/or R14 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, CH2CH2CH2CH2, CHCHCH2, 
CH2CH2CH2, CH2CH2,SCH2S, SCH2CH2S, OCH20, or OCH2CH20 to form a 
bi-cyclic structure; or 
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R13 and R14 form part of a 5, 6 or 1 membered saturated cyclic structure or 5,6 

or 7 membered unsaturated cyclic structure, each such structure optionally 

containing up to four heteroatoms selected from 0, 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, CCh, CH3, C.iHs, C3H1, C,µ!9, NH2, NHCH3,N(CH3)2, 
. . 

NHC:iHs, N(C:iHs)i, NHC3H1, N(C3H1)2, NHC.JI9, N(C.J!si)2, 

NHCOH, NHCOCH3, ·NHCOC:ills, NHCOC3H1, NHCOC~si, 

NHS02CH3, NHS02Cilis, NHS02C3H1, NHS02CJ!s,, OH, OCH3, 

OCiB:s, OC3H1, OC4li1, OC~si, OCsH9, OCsH1 i, OCcJlu; OC6H13, 

OCF3, OCOCH3; OCOCilis, OCOC3H1, OCOC4li9, OS02CH3, 

OS02Cifls, OS02CJli1, OS02C~9, SH, SCHJ, SCiHs, SC3H1, SC~1, 

SC.µ!9, SCsHsi, SCsHli, SC6Hn, SC6H13,, SCF3, SCOCH3, SCOCiHs, 

SCOC3H7, SCOC.µI9, S03CH3, S03Ciffs, S03C3H1, S03C,.fl9, 

SOiNH2, S02NHCH3, SO:iN(CH3)2, SOiNHCilis, SOiN(Cilis)2, 

SO:iNHC3H1, SOiN(C3H1)2, SOiNJiC.µ19, S02N(C.µI9)2, N02, CN, 

COOCH3, COOCilis, COOC3H1, COOC,.fl9, COSCH3, COSCilis, 

COSCJH1, COSC,.fl9, CONH2, CONHCH3, CON(CH3)2, CONHCilis, 

CON(Cilis)2, CONHC3H1, CON(C3H1)2, CONHC~si. CON(C,µ!9)2, 

and 

wherein when R13 and R14 form an aryl ring substituted at two adjaeent 

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

chain seiected :from CHCHCHCH, CH2CH2Cij:2CH2, CHCHGH2, 

CH2CH2CH2, CH2CH2, SCH2S, SCH2CH2S, OCH20, and OCH2CH20 to form 

a bi-cyclic structure; and 

R15 is selected from H, C1-s straight chain alkyl, branched alkyl, C3_3 cycloalkyl, C4_9 

alkylcycloalkyl or cycloalkylalkyl, and C2-11 alkenyl. 

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

follows: 
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wherein Z is selected from NR.4, 0 and S; 

W, X, or Y are independently selected :from N, CR1, CR2, and CR3, with the provisio that 
when Z is 0 and Y is N, then Wis CR1 and Xis CR2; 

R1
, R2

, and R3 are each independently selected from the following: 
H, F, Cl, Br; I, R12, CF3, CFiR12, CF2CF2, CCh, CChR12, CC!iCCliR12, NR13R14, 
NR15COR12, NR15SO:zR.12, OR12, OCF3, OCF2R12, OCF2CF2R12, OCOR12, OSOiR12, 
OPO(OR12)2, SR12, SCF3, SCF2R12, SCF2CF2R12, SCOR12, S03R12, S02NR13R14, PO(OR12)3, 
PO(OR12)lR12, NOi, CN, CNR15(NR13R14), CNR15(SR12), COOR12, COSR12, CONR13R14, 
and 

wherein any two adjacent positions ofR.1, R2
, R3

, R4, andR5 can be joined by a chain 
selected from CHCHCHCH, CH2CH2CH2CH2, CHCHCH2, CH2CH2CH2, CH2Clii, 
SCH2S, SCH2CH2S, OCH20, and OCH2CH20 to form a bi-cycli~ structure; 

R4 is selected :from H, C1-s straight chain alkyl, branched alkyl, C3.8 cycloalkyl, C4-9 

alkylcycloalkyt°or cycloalkylalkyl, C2.8 alkenyl, aryl, alkylaryl, COR5, CSR5
, and SOiR5

; 

R5
, R6 and R7 are each independently selected :from H, C1-s straight chain alkyl, branched 

alkyl, C3-s cycloalkyl, C4.9 alkylcycloalkyl or cycloalkylalkyl, C2.8 a1kenyl, aryl and alkylaryl; 

R6 and R7 are each independently selected from H, C1-s straight chain alkyl, branched alkyl, 
C3.g cycloalkyl, C4-9 alkylcycloalkyl or cycloa1kyla1kyl, C2-8 alkenyl, aryl and alkylaryl 
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R8
, R', R10

, and R11 are each independently selected from H, C1_8 straight chaht alkyl, 

branched alkyl, C3_g cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl, C2-B· alk:enyl, aryl and 

alkylaryl; 

R12 is selected from H, Ct-8 straight chain alkyl, bI'8.11,ched alkyl, C3-s cycloalkyl, C4-9 

alkylcycloalkyl or cycloalkylalkyl, C2.s alk:enyl, aryl, alkyhnyl, (CH2)nNR13R14' (CH2)mS03H, 

(CH2)mCC>iH wherein n is 2 through 6 or mis 1 through 6; 

R13 and R14 are each independently selected from H, C1.s straight chain alkyl, branched alkyl, 

C2-s alk:enyl or cycloalkyl, or alkylcycloalkyl, or cycloalkylalkyl, or aryl or CH2aryl, wherein 
' . • l ': 

each said aryl group or said aryl portion of said CH2aryl group may be optionally substituted 

by up to four substituen1'.8 in any position independently selected from: 

F, Cl, Br, ·I, CF3, ·. CCh, CH3, Cills, C3H1, C,Jl9~ NH2, NHCH3, N(CH3)2, NH Cills, 

N(C2lis)2, NHC]li1, N(C3H1)2, NHCJ!9, J:t.l(CJI9)2, NHCOH, NHCOCH3, 

NHCOCiHs, NHCOCJH1,. NHCOCJI9, NHS02CH3, NHS02Cilis, NHSQiC3H1, 

NHS02C.µ!9, OH, OCH3, OC2Hs, OC3H7, OC~1, OCJI9, OCsH9, OCsH11, OC6Hn, 

OC6H13, OCF3, .OCOCH3,. OCOCiffs, OCOC3H1,. OCOC.ili9, OSQiCH3, OS02Cilis, 

OSQiC3H1, OSOiCiiEI9, SH, SCH3, SC2Hs, SC3H7, SC,JI7, SC~, SCsH9, SCsHn, 

SC~11, SC~13,, SCF3, SCOCH3, SCOCiffs, SCOC3H1, SCOC.ili9, S03CH3, 

S03CiHs, SDJC3H1, S03C,JI9, SC>iNH2, SQiNHCH3, SOiN(CH3)2, SOiNHCills, 

SO;zN(C2Hs)2, S02NHC3H1, SOiN(C3H1)2, SQiNHC,JI9, SO:zN(C.#19)2, N02, CN, 

COOCH3, COOCiHs, COOC3H1, COOC4H9, COSCH3, COSCiffs, COSC3H7, 

COSCJ!9, CONH2, CONHCH3, CON(CH3)2, CONHC.ilis, CON(Cilis)2, CONHCJH1, 

CON(C3H1)2, CONHCJI9, CON(C,Jl9)2, and 

wherein when R13 and/or R14 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, CH2CH2CH2CH2, CHCHCH2, CH2CH2CH2, CH2CH2, SCH2S, 

SCH2CH2S, OCH20, or OCH2CH20 to form a bi-cyclic structure; or 

R13 and R14 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 0, N and Sand ~1i~rein·each said cyclic structure 
may be optionally substituted by up to four substitu.ents in any position, each position 
indepQD.dently selected from: 

F, Cl, Br, I, CF3, CCb, CH3, Cills, C3H7, C.µ!9, NH2, NHCH3, N(CH3)2, 
NH~Hs, N(Cills)2, NHC3H1, N(C3H1)2, NHC.µ!9, N(C.Ji9)2, NHCOH, 
NHCOCH3, NHCOC2Hs, NHCOC3H1, NHCOC,Ji9, NHS02CHJ, 
NHS02Cilis, NHS02C3H7, NHS02C.µ!9, OH, OCH3, OCilis, OC3H1, OC4fl1, 
OC.µ!9, OCsH9, OCsH1 i, OC6H11, OCGli13, OCF3, OCOCH3, OCOC:zlis, 
OCOC3H1, OCOC.J{9, OS02CH3, OS02Cills, OS02C3H1, OS02C.µ!9, SH, 
SCH3, SCiJis, SC3H1, SC.µ!7, SC.µ!9, SCsH9, SCsHu, SC6H11, SC6li13,, SCF3, 
SCOCH3, SCOC2Hs, SCOC3H1, SCOC4fl9, S03CH3, S03CiHs, S03C3Hj, 
S03CJ!9, SOaNH2, S02NHCH3, SOaN(CH3)2, S02NHCiHs, S02N(C2Hs)2, 
S02NHC3H1, SOaN(C3H1)2, SOiNHC.Jl9, SOaN(C.Jl9)2, N02, CN, COOCH3, 
COOCiHs, COOC3H1, COOC.Ji9, COSC!h, COSC2Hs, COSC3H1, COSC.Ji9, 
CONH2, CONHCH3, CON(CH3)2, CONHC2Hs, CON(~Hs)2, CONHC3H1, 
CON(C3H1)2, CONHC4H9, CON(C.Jig)a, and 

wherein when R13 and R14 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, . CH2CHiCH2CHi, CHCHCH2, CH2CH2CH2, CH2CH2, SCH2S, 
SCH2CH2S, OCH20, or OCHaCH20 to form a bi-cyclic structure; and 

R15 is selected from H, C1.s straight chain alkyl, branched alkyl, C3.s cycloalkyl, C4.9 
alkylcycloalkyl or cycloalkylalkyl, and Cu alkenyl. 

14. The method of claim 2 wherein the small molecule, GPR6 inverse agonist is 
stmcturally represented as follows: 
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wherein Z is selected from NR4, 0 and S; 

W, X, or Y are independently selected from N, CR1, CR2, and CR.3, with the proviso that 

when Z is 0 and Y is N, then Wis CR1 and Xis CR.2; 

R\ R.2, and R3 are each independently selected from the following: 

H, F, Cl, Br, I, R12, CF3, CFiR.12, CF2CF2, CCh, CChR12, CChCCl2R12, NR13R14
, 

NR15COR12, NR15S02R12, OR12, OCF3, OCFiR.12, OCF2CF2R12, OCOR12~ OSOiR.12, 

OPO(OR12}2, SR12, SCF3, SCFiR.12, SCF2CF:iR.12, SCOR12, S03R12, SQiNR13R14, PO(OR12)3, 

PO(OR12)2R12, N02, CN, CNR15(NR13R14), CNR.15(SR12), COOR12, COSR12, CONR13R14
, 

and 

w~erein any two adjacent positions ofR1, R.2, R3
, R4

, andR5 can be joined by a chain 

selected from CHCHCHCH, CH2CH2CH2CH2, CHCHCH2, CH2CH2CH2, CH2CH2, 

SCH2S, SCH2CH2S, OCH20, and OCH2CH20 to form a bi"cyclic structure; 

R4 is selected from H, C1-s straight chain alkyl, branched alkyl, C3-8 ·cycloalkyl, C4-9 

alkylcycloalkyl or cycloalkylalkyl, C2_g alkenyl, aryl, alkylaryl, COR5, CSR5, and SOiR.5; 

R5
, R6 and R7 are each independently selected from H, C1~8 straight chain alkyl, branched 

alkyl, C3_g cycloalkyl; C4_9 alkylcycloalkyl or cycloalkylalkyl, Ci-8 alkenyl, aryl and alkylaryl; 

R6 and R7 are each independently selected from H, C1-s straight chain alkyl, branched alkyl, 

C3_g cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl, Ci-s alkenyl, aryl and alkylaryl 

R8
, R!', R10

, and R11 are each independently selected from H, C1-s straight chain alkyl, 

branched alkyl, C3_8 cycloalkyl, C4_9 alkylcycloalkyl or cycloalkylalkyl, C2-s alkenyl, aryl and 

alkylaryl; 

R12 is selected from H, C1_g straight chain alkyl, branched alkyl, C3_g cycloalkyl, C4-9 

alkylcycloalkyl or cycloalkylalkyl, C2-s alkenyl, aryl, alkylaryl, (CH2)nNR13R14, (CH2)mS03H, 

(CH2)mCO:JI wherein n is 2 through 6 or mis 1 through 6; 
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R13 and R14 are each independently selected from H, C1-s straight chain alkyl, branched alkyl, 
C2-s alkenyl or cycloalkyl, or alkylcycloalkyl, or cycloalkylalkyl, or aryl or C}haryl, wherein 
each said aryl group or said aryl portion of said CH2aryl group may be optionally substituted 
by up to four substituents in any position independentJ,y selected .from: 

F, Cl, Br, I, CF3, CCl3, CH3, ~' C~1, CJI9, NH2, NHCH3, N(CI!])2, NHCiHs, 
N(C2lis)2, NHC3H1, N(C3H1)2, NHC£9, . N(C41!9)2, NHCOH, NHCOCH3, 
NHCOCiHs, NHCOC~1, NHCOC41I9, NHS02CH3, NHS02Cills, NHS02C3H1, 
NHS02CJI9, OH,·OCH3, OC2Hs, OC~1, OC£1, OC41I9, OCsH9, OCsH1i, OC6H1i, 
OC6Hu, OCF3, OCOCli3, OCOCiHs, OCOC3H1, OCOC.µI9, OS02CH3, OSOiCiHs, 
OS02C3H1, OS02C"1!9, SH, SCH3, SCiHs, SC]li7, SCJI1, SC41!9, SCsH9, SCsH1 i, 
SC6li11, SCGff13,, SCF3, SCOCH3, SCOCiHs, SCOC3H1, SCOCJI9, S03CH3, 
S03~s, S03C~1. S03C,µ!9, S02NH2, SOiNHCH3, S02N(CHJ)2, SOaNHCiHs, 
S02N(CiHs)2, SOiNffC3H1, S02N(C3H1)2, SOaNHC£9, S02N(C£9)2,. N02, CN, 
COOCH3, COOC2Hs, COOC3H1, COOC£9, COSCH3, COSCiHs, COSC3H1, 
COSC£9, CONH2, CONHCH3, CON(CH3)2, CONHCiHs, CON(Cills)2, CONHC3H1, 
CON(C3H1)2, CONHC£9, CON(CJI9)2, and 
wherein when R13 and/or R14 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, CH2ClhCH2CH2, CHCHCH2, CH2CH2Clh, CH2CH2, SCH2S, 
SCH2CH2S, OCH20, or OCH2CH20 to form a bi-cyclic structure; or· 

R13 and R14 form part of a 5, 6 or 7 membered saturated cyclic structure or 5,6 or 7 
membered tmsaturated cyclic structure, each such structure optionally containing up 
to four heteroatoms selected from 0, 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, CCh, CH3, Cills, C~1. C~9, NH2, NHCH3, N(CH3)2, 
NHC~s, N(C2Hs)2, NHC3H1, N(CJH1)2, NHC41I9, N(CJI9)2, NHCOH, 
NHCOCH3, NHCOCiHs, NHCOC3H1, NHCOC4H9, NHS02CH3, 
NHS02CiHs, NHS02C3H1, NHS02CJI9, OH, OCH3, OC:iHs, OC3H1, OCJI1, 
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OCJI9, OCs~, OCsH1 i, OC~u, OC6H13, OCF3, · OCOCH3, OCOCalls, 

OCOC3H1, OCOC.µI9, OS02CH3,. OSOiCilis, OS02C3H1, OS02C4ff9, SH, 

SCH3, SCills, SC3H1, SC,Jl1, SCdf9, SCsH9, SCsH11> SC6li11, SC6H13,, SCF3, 

SCOCH3, SCOCaHs, SCOC3H1, SCOC.ili9, S03CH3, S03Calls, S03C3H1, 

S03C4f9, SO:zNH2, SOiNHCH3,. SO:iN(CH3)2, . SOzNHC:zlis, SO:zN(C:zlls)2, 

SOiNJIC3H1, SO.iN(C:Jl1)2, SOiNHC.ili9, SO.zN(C4ff9)2, NQi, CN, COOCH3, 

COOC:zHs, COOC3H;, COOC.µ19, COSCH3, COSCiHs, COSC:JI1, COSC.ili9~ 

CONH2, CONHCH3, CON(CH3)2, CONHC:zlis, CON(C2lls)2, CONHC3H1, 

CON(C3H1)2, CONHC~9, CON(C,JI9)2, and· 

wherein when R.13 and R14 form an aryl ring substituted at two adjacent positions on 

said acyl ring, then said two adjacent positions can be joined by a chaiil selected from 

CHCHCHCH, CH2CH2CH2CH2, CHCHCH2, CH2CH2CH2, CH2CH2, SCH2S, 

SCH2CH2S, OCH20, or OCH2CH20 to form a bi-cyclic structure; and 

R15 is selected from H, C1-s straight chain alkyl, branched alkyl, C3.s cycloalkyl, C4.9 

alkylcycloalkyl or cycloalkylalkyl, and C2-s alkenyl. · 

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

follows: 

wherem Y is selected from NR4, 0 or S; 

W, X, or Z are each independently selected from Nor CR1, CR2, or CR3' with the proviso that 

when Y is 0 and Z is N, then Wis CR1 and Xis CR2; · 
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R.1, R2
, and R3 are each independently selected from the following: 

H, F, Cl, Br, I, R12, CF3, CFiR.12, CF2CF2, CCh, CCl:zR12, CChCChR.12, NR13R14, 

NR15COR12, NR15SO:zR12, OR12, OCF3, OCF:zR.12, O~F2CF2R12, OCOR12, OSOiR.12, 

OPO(OR12}2, SR12, SCF3, SCF:zR.12, SCF2CF2R12, SCOR12, S03R12, SOiNR13R14, PO(OR12)3, 

PO(OR12)2R12, NOi, CN, CNR15(NR13R14), CNR15(SR12), COOR12, COSR1~, CONR13R14, 

and 

wherein any two adjacent positions ofR1
, R2

, R3
, R4

, andR5 can be joined by a chain 

R4 is H, C1:.s straight chain alkyl, branched alkyl, C3-s cycloalk:yl, C4-9 alkylcycloalkyl or 

cycloalkylaJkyl, C2-s alkenyl, aryl, alkylaryl, COR5, CSR5
, and SOiR.5; 

R5
, R6 and R7 are each independently selected from H, C1-s straight chain alkyl, branched 

alkyl, C3.8 cycloalkyl, C4-9 alk:ylcycloalkyl or cycloalkylalkyl, Ci-s alkenyl, aryl and alkylaryl; 

R6 and R7 are each independently selected from H, C1.s straight chain alkyl, branched alkyl, 

. C3-s cycloalkyl, C4.9 alkylcycloalkyl or cycloalkylalkyl, C2-s alkenyl, aryl and alkylaryl 

R8
, R9

, R10
, and R11 are each independently selected from H, C1.8 straight chain alkyl, 

branched alkyl, C3-s .cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl, C2-s alkenyl, aryl and 

alkylaryl; 
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R12 is selected· from· H,· C1;.s Straight chain alkyl, branched alkyl, C3-s cycloalkyl, C+9 

alkylcycloalkyl or cycloa1kylalkyl, C2-8 alkenyl, aryl, alkylaryl, (CH2)nNR.13R14, (CH2)m:SOJH, 

and (CH2)mC(hH, wherein n is 2 through 6 and ID. is 1 through 6; 

R13 and R14 are each independently selected from H, C1~8 straight chain alkyl, branched alkyl, 

C2.8 alkenyl or cycloalkyl, or alkylcycloalkyl, or cycloalkylalkyl, or aryl or CH2aryl, wherein 

said aryl group or said aryl portion of said CH2aryl group may be optionally substituted by up 

to four substituents in any position independently selected from: ·· 

F, Cl, Br, I, CF3, CCIJ, CH3, Cills, C3H1, C~; NH2, NHCH3, N(CH3)2, NHCzHs, 

N(C:ilis)2, NHC3H1, N(C3li1)2, NHC.JI9, N(C.JI9)2, NHCOH, NHCOCH3, 

NHCOCzHs, NHCOC3H1, NHCOC4Ef9, NHSQiCHJ, NHS02Cilis, NHS02C3H1, 

· NHS02C.Jl9, OH, OCH3, OCilis, OC3H1, OCJ!1, OC.µ!9, OCsli9, OCsH1i, OC6H11, 

OCtliu~ OCF3, OCOCH3, OCOCilis, OCOC3H1, OCOC4H9, OS02CH3, OS02CzHs, 

OS02CJ!1, OSC>iC.ilf9, SH, $CH3, SCiHs, SC3H1, SC.4H1, SC.4H9, SCsff9, SCsHu, 

SCt;lin, SCt;li13,, SCF3, SCOCH3, SCOCzHs, SCOC3H1, SCOC.µ19, S03CH3, 

S03Czlis, S03C3H1, S03C4H1» SOzNH2, SOiNHCH3, S02N(CH3)2, SOiNHCilis, 

SOzN(Czlis)2, S02NHC3H1, SO:zN(C3H1)2, SC}zNHC.µ!9, SO:zN(C.4H9)2, N02, CN, 

COOCH3, COOCiHs, COOC3H1, COOC.4H9, COSCH3, COSCzHs, COSC3H1, 

COSC,Jl9, CONH2, CONHCH3, CON(CH3)2, CONHCzHs, CON(Cilis)2, CONHCJH1, 

CON(C3H1)2, CONHC,µJ9, CON(CJI9)2, and 

wherein when R13 and/or R14 contain an aryl riD.g substituted at two adjacent 

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

chain selected :from CHCHCHCH, CH2CH2CH2CH2, CHCHCH2, 
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CH2CH2CH2, CH2CH2,SCH2S, SCH2CH2S, OCH20, or OCH2CH20 to form a 

bi-cyclic structure; or 

R13 and R14 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 0, N and S and wherein each 

said cyclic structure may be optionally substituted by up to four substitu~ts in 

any positioll, each position independently selected from: 

.NHCalls, N(C2Hs)2, NHC3H1, N(C3H1)2, NHC.ili9, N(C,.JI9)2, 

NHCOH, NHCOCH3, NHCOCaHs, NHCOC3H1, NHCOC,JI9, 

SOaNH2, S02NHCH3, SOaN(CH3)2, SOaNHCiHs, S02N(C:zHs)2, 

SO.zNHC3H1, SOaN(C3H1)2, SOaNHC£9, SOaN(C.ili9)2, N02, CN, 

COOCH3, COOCalls, COOC3H1, COOC,.JI9, COSCHJ, COSCaHs, 

COSC3H1, COSC.iH9, CONH2, CONHCH3, CON(CH3)2, CONHCal!s, 

CON(C2Hs)2, CONHC:Jl1, CON(C:Jl1n, CONHC.iH9, CON(C.JI9)2, 

and 
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wherein when R13 and R14 form an aryl ring substituted at two adjacent 

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

bi-cyclic structure; and 

R15 is selected from H, C1-s straight chain alkyl, branched alkyl, C3_g cycloalkyl, C4-9 

alkylcycloalkyl or cycloalkylalkyl, and Ci-s aJkenyt 

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

structurally represented· as follows: 

. wherein Y is selected from NR4
, 0 or S; 

W, X, or Z are each independently selected from N or CR 1, CR2, or CR3•with the proviso that 

when Y is 0 and Z is N, then Wis CR1 and Xis CR2
; 

R1
, R2

, and R3 are each independently selected from the following: 

H, F, Cl, Br, I, R12
, CF3, CF2R12, CF2CF2, CCh, CCliR.12

, CChCCliR.12, NR.13R14
, 

·.;·i·h ·.''"'• 
. . . •io·-~ • 
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OPO(OR12)z, SR12, SCF3, SCFiR.12, SCF2CF2R12, SCOR12, S03R12, S02NR13R1\ PO(OR12)3, 

PO(OR12)iR.12, NOi, CN, CNR1s(NR13R14), CNR1s(SR12), COOR12, COSR12, CONR13R14, 

and 

wherein any two adjacent positions of R1
, R2

, R3
, R4

, and Rs can be joined by a chain 

R4 is H, C1.8 straight chain alkyl, branched alkyl, C3.8 cycloalkyl, C4.9 alkylcycloalkyl or 

cycloalkylalkyl, C2.s a1kenyl, aryl, alkylaryl, COR5
, CSR5

, and SOiR.5; 

Rs, R 6 and R7 are each independently selected from H, C1-s straight chain alkyl, branched. . 

alkyl, C3_8 cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl, C2-s alk:enyl, aryl and alkylaryl; 

R6 and R7 are each independently selected from H, C1-s straight chain alkyl, branched alkyl, 

C3-s cycloalkyl, C4.9 alkylcycloalkyl or cycloalk.ylalkyl, C2-s a1kenyl, aryl and a1kylaryl 

R8
, R.9, R16

, and R11 are each independently selected from H, C1-s straight chain alkyl, 

branched alkyl, C3.s cycloalkyl, C4-9 alkylcycloalk.yl or cycloalkylalkyl, Ca-s a1kenyl, aryl and 

alkylaryl; 

R12 is selected from H, C1-s straight chain alkyl, branched alkyl, C3_8 cycloalkyl, C4-9 

alkylcycloalk:yl or cycloalkylalkyl, C2-s a1kenyl, aryl, alkylaryl, (CH2)nNR13R14, (CH2)mS03H, 

and (CH2)mCOiH, wherein n is 2 through 6 and m is 1 through 6; 
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R13 and R14 are each independently selected from H, Ci-s straight chain alkyl, branched alkyl, 

C2.s alkenyl or cycloalkyl, or alkylcycloalkyl, or cycloalkylalkyl, or aryl or CH2aryl, wherein 

each said aryl group or said aryl portion of said CH2aryl group may be optionally substituted 

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

F, Cl, Br, I, CF3, CCl3, CH3, ~Hs, C3H1, C~s;; NH2, NHCH3, N(CH3)2, NHC:ilis, 

N(CiHs)i, NHC3H1, N(C3H1)2, NHC~9, N(C~9)2, NHCOH, NHCOCH3, 

NHCOCills, NHCOC3H1, NHCOCJI9, NHS02CH3,· NHS02C.zlis, NHS02C3H1,· 

NHS02C~9, OH, 9CH3, OC:iHs, OC3H1, OC~1, OC4H9, OCsH9, OCsHn, OC.sll1i, 

OC6H13, OCF3, OCOCH3, OCOC:iHs, OCOC3H1, OCOCJ!g, OS02CH3, OS02C:iHs, 

S03C2Hs, S03C:Jf1, S03C,Jl9, S02NH2, SOiNHCH3, SO:iN(CH3)2, SOiNHCiHs, 

S02N(C2Hs)2, SOiNl!C3H1, SO:iN(C3H1)2, SQiNHC,Jlg, SO:iN(C.i}l9)2, N02, CN, 

COOCH3, COOC:iHs, COOC3H1, COOC~g, COSCH3, COSC:iHs, COSC3H1, 

COSC4H9, CONH2, CONHCH3, CON(CH3)2, CONHC:iHs, CON(Cills)2, CONHC3H1, 

CON(C3H7)2, CONHCJI9, CON(CJI9)2, and 

wherein when R13 and/or R14 contam an aryl ring substituted at two adjacent 

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

bi-cyclic structure; or 
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R13 and R14 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 

contaming up to four heteroatoms selected from 0, 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: 

NHC:zlls, N(CiHs)2, NHC3H1, N(C3H1)2, NHC.µ!9, N(C~9)2, 

NHCOH, NHCOCH.3, NHCOCalis, NHCOC;3li1, NHCOC~9, 

OCF3, OCOCH3, OCOCiS:s, OCOCJH1, OC0(4Hg, OS02CH.3, 

OS02Ca!Is, OSOaCJH1, OS02C"1J9, SH, SCH3, SC2Hs, SC3H1, SC.JIJ., 

SC.Jig, SCsH9, SCsH1i, SC~1i, SC~13,, SCF3, SCOCH3, SCOCaHs, 

SOaNH2, SOiNHCH3, SOaN(CH3)2, SO:iNHCalis, S02N(CaHs)2, 

S02NHCJH1, SOiN(C3H1)2, SOaNHC~9, SOaN(CJI9)2, N(h, CN, 

COSC~1; COSCJI9, CONH2, CONHCH3, CON(CH3)2, CONHCalls, 

CON(Ca!Is)2, CONHC3H1, CON(C3H1)2, CONHC.Ji9, CON(C<tli9)2, 

and 

wherein when R13 and R14 form 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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bi-cyclic structure; and 

. R.15 is selected from H, C1-s straight chain alkyl, branched alkyl, C3..s cycloalkyl, C4_9 

alkylcycloalkyl or cycloalkylalkyl, and C2-s alkenyl. 

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

follows: 

wherein Y is selected from NR4
, 0 or S; 

W, X, or :Z are each independently selected from Nor CR1
, CR2

, or CR3•with the proviso that 

when Y is 0 and Z is N, then Wis CR 1 and Xis CR2; 

R1
, R2

, and R3 are eaeh independently selected from the following: 

H, F, Cl, Br, I, R12, CF3, CF:zR.12, CF2CF2, CCh, CCl:zR.12, CC}iCCl:zR.12, NR13R14, 

. NR15COR12, NR15SO:zR12, OR12, OCF3, OCF:zR.12, OCF2CFiR12, OCOR12, OSOiR12, 

OPO(OR12)2, SR12, SCF3, SCF2R12, SCF2CFzR12, SCOR12, 80~12, S02NR13R14, PO(OR12)3, 

PO(OR12)iR12, NC>a, CN, CNR15(NR13R.14), CNR15(SR12), COOR12, COSR12, CONR13R.14, 

and 
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wherein any two adjacent positions ofR\ R2
, R3

, R4, andR5 can be joined by a chain 

R4 is selected from H, C1•8 straight ch.am alkyl, branched alkyl, C3-8 cycloalkyl, C4•9 

alkylcycloalkyl or cycloalkylalkyl, C2•8 alkenyl, aryl, alkylaryl, COR5
, CSR5

, and SOiR5
; 

R 5
, R6 and R7 are each independently selected from H, Ct-8 straight chain alkyl, branched 

alkyl, C3-8 cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl, C2-s alkenyl, aryl and alkylaryl; 

R6 and R 7 are each independently selected from H, Ct-8 straight chain alkyl, branched alkyl, 

C3-8 cycloalkyl, C4.9 alkylcycloalkyl or cycloalkylalkyl, Ci-s alkenyl, aryl and alk.ylaryl 

R 8
, R 9

, R10
, and R11 are each independently selected from H, C1~s straight chain alkyi, 

branched alkyl, CJ-8 cycloalkyl, C4-9 alkylcycloalkyl or cycloa1kyla1kyl, C2-8 alkenyl, aryl and 

alkylaryl; 

R12 is selected .from H, C1-s straight chain alkyl, branched alkyl, C3-8 cycloalkyl, C4-9 

alkylcycloalkyl or cycloalkylalkyl, C2.g alk:enyl, aryl, alkylaryl, (CH2)nNR13R14, (CH2)mS03H, 

and (CH2)mCO:zH, wherein n is 2 through 6 and mis 1 through 6; 

R13 and R14 are each independently selected from H, C1•8 straight chain alkyl, branched alkyl, 

C2-s alkenyl or cycloalkyl, or alkylcycloa1kyl, or cycloalkylalk:yl, or aryl or CH2aryl, wherein ~ . .:..:·.. . . . . . . 
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each said aryl group or said ·aryt·portion of said CH2aryl group may be optionally substituted 

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

F, Cl, Br, I, CF3, CCl3, CH3, C:zHs, CiEI1, C.ili9, NH2, NHCH3, N(CH3)2, NHCiHs, 

N(C:zHs)2, NHC3H1, N(C3H1)2, NHC.ili9, N(C.ili9)2, NHCOH, · NHCOCH3, 

NHCOC:zlis, NHCOC3H1, NHCOC.ili9, NHSOiCH3, NHS02CiHs, NHS02C3H1, 

OC6H13, OCF3, OCOCH3, OCOC:zHs, OCOC3H7, OCOC.ili9, OS02CH3, OS02CiHs, 

OS02C3H1, OSOiC4H9, ·SH, SCH3, SCiHs; SC3H1, SC.4H1, SC,4H9, SCsH9, SCsH11, 

SC6li1i, SC~13,, SCF3, SCOCH3, SCOC2Hs, SCOC3H1, SCOC.4H9, S03CH3, 

S03Cills, S03C3H1, S03C.ili9, SOiNH2, SO:zNHCH3, SOiN(CH3)2, S02NHC2Hs, 

SO:zN(CiHs)2, SOiNHC3H1, SO:iN(C3H1)2~ SOiNliC.4H9, S02N(C4H9)2, NOi, CN, 

COOCH3, COOCiHs, COOC3H1, COOC4ff9, COSCH3, COSC:zlis, COSC:JH1, 

COSC,4H9, CONH2, CONHCH3, CON(CH3)2, CONHC2Hs, CON(Cilis)2, CONHC3H1, 

CON(C3H1 )2, CONHC"1{9, CON(C.ili9)2, and 

wherein when R13 and/or R14 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, CH2CH2CH2CH2, CHCHCH2, 

CH2CH2CH2, CH2CH2, SCH2S, SCH2CH2S, OCH20,·or OCH2CH20 to fonn a 

bi-cyclic structure; or 

R.13 and R14 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 0, 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: 

NHCOH, NHCOCH3, NHCOCilfs, NHCOC3H1, NHCOC.µ!9, 

NHS02CH3, NHS02C:zHs, NHS02C~1, NHS02C"1!9, OH, OCH3, 

OS02C2Hs, OS02CJli1, OS02C,,H9, SH, SCH3, SC:ifls, SC3H1, SC,,H1, 

SC.µI9, SCsff9, SCsH1i, SC()II1i, SC6H13,, SCF3, SCOCH3, SCOCilis, 

S02NH2, &OiNHCHJ, SC>iN(CH3)2, SOiNHCiHs, SOiN(C2Hs)2, 

SQiNHC~1, SOiN(C3H1)2, SO:iNHC.µ!9, SQiN(C.µ!9)2, N02, CN, 

COOCH3, COOC:zHs, COOC3H1, COOC4H9, COSCH3, COSC~s, 

COSC~1, COSC.µJ9, CONH2, CONHCH3, CON(CHJ)2, CONHC:ilis, 

CON(C:zHs)2, CONHC3H1, CON(CJ1!1)2, CONHC.µ!9, CON(C.µ!9)2, 

and 

wherein when R13 and R14 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, CH2CH2CHaCH2, CHCHCH2, 

CH2CH2CH2, CH2CH2,SCH2S, SCH2CH2S, OCH20, and OCH2CH20 to form 

a bi-cyclic structure; and 
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R15 is selected from H, C1-s' straight chain alkyl, ·branched alkyl, C3.s cycloalkyl, C4-9 

alkylcycloalkyl or cycloalkylalkyl, and Cu alkenyl. 

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

structurally represented as follows: 

wherein Y is selected from NR\. 0 or S; 

W, X, or Z are each independently selected from Nor CR1, CR2, or CR3'with the proviso that 

when Y is 0 and Z is N, then Wis CR1 and Xis CR2; 

R1
, R2

, and R3 are each independently selected from the following: 

H, F, Cl, Br, I, R12, CF3, CF2R12, CF2CF2, CCl3, CC1~12, CCl2CC1~12, NR13R14, 

NR15COR12, NR15S0~12, ·. OR12, OCF3, OCF~12, OCF2CF2R12, OCOR12, 080~12, 

OPO(OR12}2, SR12, SCF3, SCF~12, SCF2CF2R12, SCOR12
, S03R12, SO:zNR13R.14, PO(OR12)3, 

PO(OR12)~12, NOa, CN, CNR1s(NR13R14), CNR1s(SR12}, COOR12, COSR12, CONR13R14, 

and 

wherein any two adjacent positions of R1
, R2

, R3
, R4

, and R5 can be joined by a chain 
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R4 is selected from H, C1•8 straight chain alkyl, branched alkyl, C3-s cycloalkyl, C4-9 

alkylcycloalkyl or cycloalkylalkyl, Cu alkenyl, aryl, a1kylaryl, COR5
, CSR5

, and SOiR.5; 

R5
, R6 and R7 are each independently selected from H, C1-s straight chain alkyl, branched 

alkyl, C3_g cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl, C2.8 alkenyl, aryl and alkylaryl; 

R6 and R7 are each independently selected from H, C1_g straight chain alkyl, branched alkyl, 

C3.g cycloalkyl, C4.9 alkylcycloa1kyl or cycloalkylalkyl, C2-s alkenyl, aryl and alkylaryl 

R8
, R.9, R.1°, and R11 are each independently selected from H, C1-B straight chain alkyl, 

branched alkyl, C3_g cycloalkyl, C4-9 alkylcycloalkyl or cycloalkylalkyl, C2-s alkenyl, aryl and 

alkylaryl; 

a.12 is selected from H, C1-s straight chain alkyl, branched alkyl, C3_g cycloalkyl, C4-9: 

alkylcycloalkyl or cycloalkyla1kyl, Ci-S alkenyl, aryl, alkylaryl, (CH2)nNR1JR14, (CH2)mS03H, 

and (CH2)mCOili, wherein n is 2 through 6 and mis 1 through 6; 

R13 ·and R14 are each independently selected from H, C1_g straight chain alkyl, branched alkyl, 

Ci-S alkenyl or cycloalkyl, or alkylcycloalkyl, or cycloa1kylalkyl, or aryl or CH2aryl, wherein 

each said aryl group or said aryl portion of said CH2aryl group may be optionally substituted 

by up to f<?ur substituents in any position independently selected from: 
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NHCOC:zHs; NHCOCJII1, NHCOC.JI9, NHS02CH3, "NHS02Cills, NHS02C3H7, 

NHS02C.µIg, OH, OCH3, OC;zHs, OC3H1, OC.Jl1, OC-tfl9, OCsH9, OCsH1i, OC6Hti, 

OC~13, OCF3, OCOCH3, OCOC;zHs, OCOC3H7, OCOC.Jl9, OS02CH3, OS02CiH5, 

oso2C3H7, OS02C4H9, SH, sca:3, ~G:zHs~ SC3H7, SC.JI7, SC.JI9, SCsH9, SCsH1 i, 

SC~1i, SC6H13,, SCF3, SCOCH3, ~COC2Hs, .. SCOC3H7, SCOC.µ!9, S03CH3, 

S03Ciffs, S03CJH1, S03C.Jl9, SOiNH2, SOiNiICH3, SOiN(CH3)2, S02NHC:zHs, 

S02N(C2Hs)2, S02NHC3H7, SOiN(C3H1)2, SOiNiIC.JI9, SOiN(C.Jl9)2, N02, CN, 

COOCH3, COOC2Hs, COOc:!3H1, COOC-tfl9, COSCH3, COSC:ilis, COSC3H7, 

COSC.JI9, CONH2; CON,HCH3, CON(CH3)2, CONHC:ilis, CON(CiHs)2, CONHC3H1, 

CON(CJII1 )2, CONHC.JI9, CON(C.JI9)2, and 

: wherein when R13 and/or R14 contain an aryl ring substituted at two adjacent 

positions on said arylrin$, then said two adjacent positions can be joined by a 

bi-cyclic structure; or 

R13 and R14 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 0, N and S and wherein each 

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

any positiori, each position independently selected from: 

F, Cl, Br, I, CF3, CCl3, CH3, Cills, C3H1, C.JI9, NH2, NHCH3,N(CH3)2, 

NHC2Hs, N(Cilis)2, NHC3H1, N(C3H1)2, NHC.ili9, N(C.iJi9)2, 
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NHCOH, NHCOCH3, NHCOCifls~ .: NHCOC3H1, NHCOC£9, 

NHS02CH3, NHSOiCills, NHSQiC3H1, NHS02C£9, OH, OCH3, 

OCilis, OC3H1, OC£1, OC.µ!9, OCsH9, OCsH1 i, OC£1 i, OC£13, 

OCF3, OCOCH3, OCOCifls, OCOC3H1, OCOC.µ!9, OS02CH3, 

OS02CaHs, OS02C3H1, OS02C£9, SH, SCHJ, SCifls, SC3H1, SC£1, 

SO:iNH2, SOiNHCH3, SOiN(Cli3)2, S02NHC2Hs, SOaN(CiHs)2, 

S02NHC3H1, SOaN(C3H1)2, S02NHC£~" SQiN(C~9)2, N02, CN, 

COOCH3, COOCiHs, COOC3H1, COOC.µ!9, COSCH3, COSC:iHs, 

COSC3H1, COSC.µ!9, CONH2, CONHCH3, CON(CH3)2, CONHCiHs, 

CON(Cilis)2, CONHCJR1, CON(CJH1)2, CONHC~9, CON(C"1J9)2, 

and 

wherein when R13 and R14 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, CH2CH2CH2CH2, CHCHCH2, 

CH2CH2CH2, CH2CH2. SCHaS, SCH2CH2S, OCH20, and OCH2CH20 to form 

a bi-cyclic strµ.cture; and 

R15 is selected from H, C1.s straight chain alkyl, branched alkyl, C3.s cycloalkyl, C4.9 

alk:ylcycloalkyl or cycloalkylalk.yl, and C2.s 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 modulating by inverse agonism the G protein-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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