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(57) ABSTRACT 

Compounds and methods are provided for the treatment of 
disease conditions in Which modi?cation of serotonergic 
receptor activity has a bene?cial effect. In the method, an 
effective amount of a compound is administered to a patient in 
need of such treatment. 
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Figure 1 

100 

g 80' A 26HCH17 E050 of 0.78 nM 

a 60- 0 Ritanserin E050 of 0.038 nM 
m V 

D! 40. 
Ta? 

20 

0 
-12 -1‘1 30 l9 -'s- -7 

log [Ligand] 



Patent Application Publication Jul. 23, 2009 Sheet 2 0f 4 US 2009/0186921 A1 

Figure 2A 
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Figure 2B 
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AZACYCLIC COMPOUNDS 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/ 802,970, entitled “AZACYCLIC 
COMPOUNDS,” ?led Mar. 16, 2004, by Andersson et al., 
Which is a continuation of US. patent application Ser. No. 
09/800,096, entitled “AZACYCLIC COMPOUNDS,” ?led 
Mar. 6, 2001, now US. Pat. No. 6,815,458, by Andersson, et 
al., Which in turn claims priority to US. Provisional Patent 
Application Ser. No. 60/187,289, ?led Mar. 6, 2000, all of 
Which are incorporated by reference herein in their entirety, 
including any draWings. 

FIELD OF THE INVENTION 

[0002] The present invention relates to novel compounds 
that affect monoamine receptors, including serotonin recep 
tors. The invention speci?cally provides compounds that are 
active as inverse agonists, and therefore also as antagonists, at 
the 5-HT2A subtype of human serotonin receptors. The 
invention also provides methods, utiliZing the compounds of 
the invention for modulating 5-HT2A receptor-mediated 
events, that are useful for treating or alleviating disease con 
ditions in Which modi?cation of the activity of these receptors 
is bene?cial. 

BACKGROUND OF THE INVENTION 

[0003] Serotonin or 5-hydroxytryptamine (5-HT) plays a 
signi?cant role in the functioning of the mammalian body. In 
the central nervous system, 5-HT is an important neurotrans 
mitter and neuromodulator that is implicated in such diverse 
behaviors and responses as sleeping, eating, locomotion, per 
ceiving pain, learning and memory, sexual behavior, control 
ling body temperature and blood pressure. In the spinal col 
umn, serotonin plays an important role in the control systems 
of the afferent peripheral nociceptors (Moulignier, Rev. Neu 
rol. 150:3-15, (1994)). Peripheral functions in the cardiovas 
cular, hematological and gastrointestinal systems have also 
been ascribed to 5-HT. 5-HT has been found to mediate a 
variety of contractile, secretory, and electrophysiologic 
effects including vascular and nonvascular smooth muscle 
contraction, and platelet aggregation. (Fuller, Biology of 
Serotonergic Transmission, 1982; Boullin, Serotonin In Men 
talAbnormalities 1 :316 (1978); Barchas, etal., Serotonin and 
Behavior, (1973)). The 5-HT2A receptor subtype (also 
referred to as subclass) is Widely yet discretely expressed in 
the human brain, including many cortical, limbic, and fore 
brain regions postulated to be involved in the modulation of 
higher cognitive and affective functions. This receptor sub 
type is also expressed on mature platelets Where it mediates, 
in part, platelet aggregation, one of the initial steps in the 
process of vascular thrombosis. 
[0004] Given the broad distribution of serotonin Within the 
body, it is understandable that tremendous interest in drugs 
that affect serotonergic systems exists (Gershon, et al., The 
Peripheral Actions of 5-Hydroxytryptamine, 246 (1989); 
Saxena, et al., J. Cardiovascular Pharmacol. 15: Supp. 7 
(1990)). Serotonin receptors are members of a large human 
gene family of membrane-spanning proteins that function as 
transducers of intercellular communication. They exist on the 
surface of various cell types, including neurons and platelets, 
Where, upon their activation by either their endogenous ligand 
serotonin or exogenously administered drugs, they change 
their conformational structure and subsequently interact With 
doWnstream mediators of cellular signaling. Many of these 
receptors, including the 5-HT2A subclass, are G-protein 
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coupled receptors (GPCRs) that signal by activating guanine 
nucleotide binding proteins (G-proteins), resulting in the gen 
eration, or inhibition of, second messenger molecules such as 
cyclic AMP, inositol phosphates, and diacylglycerol. These 
second messengers then modulate the function of a variety of 
intracellular enZymes, including kinases and ion channels, 
Which ultimately affect cellular excitability and function. 
[0005] At least 15 genetically distinct 5-HT receptor sub 
types have been identi?ed and assigned to one of seven fami 
lies (5-HT1-7). Each subtype displays a unique distribution, 
preference for various ligands, and functional correlate(s). 
[0006] Serotonin may be an important component in vari 
ous types of pathological conditions such as certain psychi 
atric disorders (depression, aggressiveness, panic attacks, 
obsessive compulsive disorders, psychosis, schiZophrenia, 
suicidal tendency), certain neurodegenerative disorders 
(Alzheimer-type dementia, Parkinsonism, Huntington’s cho 
rea), anorexia, bulimia, disorders associated With alcoholism, 
cerebral vascular accidents, and migraine (MeltZer, Neurop 
sychopharmacology, 21 : 106 S-1 15S (1999); Barnes & Sharp, 
Neuropharmacology, 38:1083-1152 (1999); Glennon, Neu 
rosci. Biobehavioral Rev, 14:35 (1990)). Recent evidence 
strongly implicates the 5-HT2 receptor subtype in the etiol 
ogy of such medical conditions as hypertension, thrombosis, 
migraine, vasospasm, ischemia, depression, anxiety, psycho 
sis, schiZophrenia, sleep disorders and appetite disorders. 
[0007] Schizophrenia is a particularly devastating neurop 
sychiatric disorder that affects approximately 1% of the 
human population. It has been estimated that the total ?nan 
cial cost for the diagnosis, treatment, and lost societal pro 
ductivity of individuals affected by this disease exceeds 2% of 
the gross national product (GNP) of the United States. Cur 
rent treatment primarily involves pharmacotherapy With a 
class of drugs knoWn as antipsychotics. Antipsychotics are 
effective in ameliorating positive symptoms (e.g., hallucina 
tions and delusions), yet they frequently do not improve nega 
tive symptoms (e.g., social and emotional WithdraWal, apathy, 
and poverty of speech). 
[0008] Currently, nine major classes of antipsychotics are 
prescribed to treat psychotic symptoms. Use of these com 
pounds is limited, hoWever, by their side effect pro?les. 
Nearly all of the “typical” or older generation compounds 
have signi?cant adverse effects on human motor function. 
These “extrapyramidal” side effects, so termed due to their 
effects on modulatory human motor systems, can be both 
acute (e.g., dystonic reactions, a potentially life threatening 
but rare neuroleptic malignant syndrome) and chronic (e. g.; 
akathisias, tremors, and tardive dyskinesia). Drug develop 
ment efforts have, therefore, focused on neWer “atypical” 
agents free of these adverse effects. 
[0009] Antipsychotic drugs have been shoWn to interact 
With a large number of central monoaminergic neurotrans 
mitter receptors, including dopaminergic, serotonergic, adr 
energic, muscarinic, and histaminergic receptors. It is likely 
that the therapeutic and adverse effects of these drugs are 
mediated by distinct receptor subtypes. The high degree of 
genetic and pharmacological homology betWeen these recep 
tor subtypes has hampered the development of subtype-se 
lective compounds, as Well as the determination of the normal 
physiologic or pathophysiologic role of any particular recep 
tor subtype. Thus there is a need to develop drugs that are 
selective for individual receptor classes and subclasses 
amongst monoaminergic neurotransmitter receptors. 
[0010] The prevailing theory for the mechanism of action 
of antipsychotic drugs involves antagonism of dopamine D2 
receptors. Unfortunately, it is likely that antagonism of 
dopamine D2 receptors also mediates the extrapyramidal side 
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effects. Antagonism of 5-HT2A is an alternate molecular 
mechanism for drugs With antipsychotic ef?cacy, possibly 
through antagonism of heightened or exaggerated signal 
transduction through serotonergic systems. 5-HT2A antago 
nists are therefore good candidates for treating psychosis 
Without extrapyramidal side effects. 
[0011] Traditionally, these receptors have been assumed to 
exist in a quiescent state unless activated by the binding of an 
agonist (a drug that activates a receptor). It is noW appreciated 
that many, if not most, of the GPCR monoamine receptors, 
including serotonin receptors, can exist in a partially activated 
state in the absence of their endogenous agonists. This 
increased basal activity (constitutive activity) can be inhib 
ited by compounds called inverse agonists. Both agonists and 
inverse agonists possess intrinsic activity at a receptor, in that 
they alone can activate or inactivate these molecules, respec 
tively. In contrast, classic or neutral antagonists compete 
against agonists and inverse agonists for access to the recep 
tor, but do not possess the intrinsic ability to inhibit elevated 
basal or constitutive receptor responses. 

[0012] We have recently elucidated an important aspect of 
5-HT2A receptor function by applying the Receptor Selec 
tion and Ampli?cation Technology (US. Pat. No. 5,707,798, 
1998; Chem Absln 1281111548 (1998) and citations therein), 
to the study of the 5-HT2 subclass of serotonin receptors. 
R-SAT is a phenotypic assay of receptor function that 
involves the heterologous expression of receptors in mamma 
lian ?broblasts. Using this technology We Were able to dem 
onstrate that native 5-HT2A receptors possess signi?cant 
constitutive, or agonist-independent, receptor activity (US. 
Patent Application Ser. No. 60/ 103,3 1 7, herein incorporated 
by reference). Furthermore, by directly testing a large number 
of centrally acting medicinal compounds With knoWn clinical 
activity in neuropsychiatric disease, We determined that com 
pounds With antipsychotic ef?cacy all shared a common 
molecular property. Nearly all of these compounds, Which are 
used by psychiatrists to treat psychosis, Were found to be 
potent 5-HT2A inverse agonists. This unique clinico-phar 
macologic correlation at a single receptor subtype is compel 
ling evidence that 5-HT2A receptor inverse agonism is a 
molecular mechanism of antipsychotic e?icacy in humans. 
[0013] Detailed pharmacological characterization of a 
large number of antip sychotic compounds revealed that they 
possess broad activity at multiple related receptor subtypes. 
Most of these compounds display agonist, competitive 
antagonist, or inverse agonist activity at multiple monoamin 
ergic receptor subtypes, including serotoninergic, dopamin 
ergic, adrenergic, muscarinic and histaminergic receptors. 
This broad activity is likely responsible for the sedating, 
hypotensive, and motor side effects of these compounds. It 
Would therefore be of great advantage to develop compounds 
that are selective inverse agonists of the 5-HT2A receptor, but 
Which have little or no activity on other monoamine receptors 
subtypes, especially dopamine D2 receptors. Such com 
pounds may be useful in the treatment of human disease (e. g., 
as anti-psychotics), and may avoid the adverse side effects 
associated With non-selective receptor interactions. 

SUMMARY OF THE INVENTION 

[0014] The present invention provides compounds of the 
general formula (I) that affect monoamine receptors, espe 
cially serotonin receptors, and share as a common property 
inverse agonist activity at the 5-HT2A subtype of human 
serotonin receptors: 
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[0015] Wherein 
[0016] Z is a group selected from 
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N N 

[0017] R is hydrogen, a cyclic or straight-chained or 
branched acyclic organyl group, a loWer hydroxyalkyl group, 
a loWer aminoalkyl group, or an aralkyl or heteroaralkyl 
group; 

[0018] n is 0, 1, or 2; 
[0019] X1 is methylene, vinylene, or an NH or N(loWer 
alkyl) group; and 
[0020] X2 is methylene, or, When X1 is methylene or 
vinylene, X2 is methylene or a bond; or When X 1 is methylene, 
X2 is O, S, NH, or N(loWer alkyl) or a bond; 
[0021] Yl is methylene andY2 is methylene, vinylene, eth 
ylene, propylene, or a bond; or 

[0022] Yl is a bond andY2 is vinylene; or 
[0023] Yl is ethylene andY2 is O, S, NH, or N(loWer alkyl); 
[0024] Ar 1 and Ar2 independently are unsubstituted or sub 
stituted aryl or heteroaryl groups; 
[0025] W is oxygen or sulfur; or 
[0026] a pharmaceutically acceptable salt, ester, or prodrug 
thereof. 

[0027] The present invention also provides pharmaceutical 
compositions comprising an effective amount of a compound 
of formula (I) or pharmaceutically acceptable salts, esters, or 
prodrugs thereof. 
[0028] Also provided are methods of inhibiting an activity 
of a monoamine receptor comprising contacting the 
monoamine receptor or a system containing the monoamine 
receptor With an effective amount of a compound of formula 
(I), as Well as kits for performing the same. Preferably, the 
receptor is a serotonin receptor of the 5-HT2A subclass. The 
receptor may be located in either the central or peripheral 
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nervous system, blood cells or platelets, and may be mutated 
or modi?ed. In a preferred embodiment, the receptor is con 
stitutively active. 
[0029] Furthermore, the present invention relates to a 
method of inhibiting an activation of a monoamine receptor 
comprising contacting the monoamine receptor or a system 
containing the monoamine receptor With an effective amount 
of compound of formula (I), as Well as kits for performing the 
same. In a preferred embodiment, the compound is selective 
for the 5-HT2A serotonin receptor. In another preferred 
embodiment, the compound has little or substantially no anti 
dopaminergic activity. The receptor may be constitutively 
active or may be activated by an endogenous or exogenous 
agonistic agent. 
[0030] Another aspect of the present invention relates to a 
method of treating a disease condition associated With a 
monoamine receptor comprising administering to a mammal 
in need of such treatment an effective amount of a compound 
of formula (I), and kits for performing the same. Examples of 
disease conditions for Which such treatment using the com 
pounds of the invention, or pharmaceutical compositions 
comprising them, is useful include, but are not limited to, 
neuropsychiatric diseases such as schiZophrenia and related 
idiopathic psychoses, depression, anxiety, sleep disorders, 
appetite disorders, affective disorders such as major depres 
sion, bipolar disorder, and depression With psychotic fea 
tures, and Tourette’s Syndrome. Said compounds may also be 
bene?cial for the treatment of drug-induced psychoses as 
Well as psychoses secondary to neurodegenerative disorders 
such as AlZheimer’s or Huntington’s Disease. The com 
pounds of the invention may also be useful in treating hyper 
tension, migraine, vasospasm, ischemia and the primary 
treatment and secondary prevention of various thrombotic 
conditions including myocardial infarction, thrombotic or 
ischemic stroke, idiopathic and thrombotic thrombocy 
topenic purpura, and peripheral vascular disease. 
[0031] Further provided is a method for identifying a 
genetic polymorphism predisposing a subject to being 
responsive to a compound of formula (I), comprising admin 
istering to a subject an effective amount of the compound; 
identifying a responsive subject having an ameliorated dis 
ease condition associated With a monoamine receptor; and 
identifying a genetic polymorphism in the responsive subject, 
Wherein the genetic polymorphism predisposes a subject to 
being responsive to the compound. Also provided are kits for 
performing the same. 
[0032] A method for identifying a subject suitable for treat 
ment With the compound of formula (I) and kits for identify 
ing the same, is also provided. According to the method, the 
presence of a polymorphism that predisposes the subject to 
being responsive to the compound is detected, Wherein the 
presence of the polymorphism indicates that the subject is 
suitable for treatment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] FIG. 1 is a graph shoWing data obtained from a dose 
response analysis of 26HCH17 and ritanserin as 5-HT2A 
receptor inverse agonists. 
[0034] FIG. 2 is a graphic representation of in vivo phar 
macology data obtained in mice With 2-(4-methoxyphenyl) 
N- (4 -methylbenZyl)-N-(1-methylpiperidin-4 -yl)acetamide 
hydrochloride. FIG. 2A shoWs the effects of this novel antip 
sychotic agent compound in a head tWitch behavioral model; 
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FIG. 2B shoWs the results of locomotor experiments; and in 
FIG. 2C pre-pulse inhibition study results are shoWn. 

DETAILED DESCRIPTION OF THE INVENTION 

De?nitions 

[0035] For the purpose of the current disclosure, the fol 
loWing de?nitions shall in their entireties be used to de?ne 
technical terms, and shall also, in their entireties, be used to 
de?ne the scope of the composition of matter for Which pro 
tection is sought in the claims. 
[0036] “Constitutive activity” is de?ned as the elevated 
basal activity of a receptor Which is independent of the pres 
ence of an agonist. Constitutive activity of a receptor may be 
measured using a number of different methods, including 
cellular (e.g., membrane) preparations (see, e.g., Barr & Man 
ning, J. Biol. Chem. 272:32979-87 (1997)), puri?ed reconsti 
tuted receptors With or Without the associated G-protein in 
phospholipid vesicles (Cerione et al., Biochemistry 2314519 
25 (1984)), and functional cellular assays (U .S. Patent Appli 
cation Ser. No. 60/103,317). 
[0037] “Agonist” is de?ned as a compound that increases 
the activity of a receptor When it contacts the receptor. 
[0038] An “antagonist” is de?ned as a compound that com 
petes With an agonist or inverse agonist for binding to a 
receptor, thereby blocking the action of an agonist or inverse 
agonist on the receptor. HoWever, an antagonist (also knoWn 
as a “neutral” antagonist) has no effect on constitutive recep 
tor activity. 
[0039] An “inverse agonist” is de?ned as a compound that 
decreases the basal activity of a receptor (i.e., signalling 
mediated by the receptor). Such compounds are also knoWn 
as negative antagonists. An inverse agonist is a ligand for a 
receptor that causes the receptor to adopt an inactive state 
relative to a basal state occurring in the absence of any ligand. 
Thus, While an antagonist can inhibit the activity of an agonist 
an inverse agonist is a ligand that can alter the conformation 
of the receptor in the absence of an agonist. The concept of an 
inverse agonist has been explored by Bond et al. in Nature 
374:272 (1995). More speci?cally, Bond et al. have proposed 
that unliganded [32-adrenoceptor exists in an equilibrium 
betWeen an inactive conformation and a spontaneously active 
conformation. Agonists are proposed to stabiliZe the receptor 
in an active conformation. Conversely, inverse agonists are 
believed to stabiliZe an inactive receptor conformation. Thus, 
While an antagonist manifests its activity by virtue of inhib 
iting an agonist, an inverse agonist can additionally manifest 
its activity in the absence of an agonist by inhibiting the 
spontaneous conversion of an unliganded receptor to an 
active conformation. 
[0040] The “5-HT2A receptor” is de?ned as a receptor, 
having an activity corresponding to the activity of the human 
serotonin receptor subtype, Which Was characterized through 
molecular cloning and pharmacology as detailed in SaltZman 
et al., Biochem. Biophys. Res. Comm. 181:1469-78; and 
Julius et al., Proc. Natl. Acad. Sci. USA 87:928-932. 
[0041] The term “subject” refers to an animal, preferably a 
mammal, most preferably a human, Who is the object of 
treatment, observation or experiment. 
[0042] “Selective” is de?ned as a property of a compound 
Whereby an amount of the compound su?icient to effect a 
desired response from a particular receptor type, subtype, 
class or subclass With substantially little or no effect upon the 
activity other receptor types. “Selectivity” or “selective,” as 
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an inverse agonist is understood as a property of a compound 
of the invention Whereby an amount of compound that effec 
tively inversely agoniZes the 5-HT2A receptor, and thereby 
decreases its activity, causes little or no inverse agonistic or 
antagonistic activity at other, related or unrelated, receptors. 
In particular, the compounds of the invention have surpris 
ingly been found not to interact strongly With other serotonin 
receptors (5-HT 1A, 1B, 1D 1E, 1F, 2B, 2C, 4A, 6, and 7) at 
concentrations Where the signalling of the 5-HT2A receptor 
is strongly or completely inhibited. Preferably, the com 
pounds of the invention are also selective With respect to other 
monoamine-binding receptors, such as the dopaminergic; 
histaminergic, adrenergic and muscarinic receptors. Com 
pounds that are highly selective for 5-HT2A receptors may 
have a bene?cial effect in the treatment of psychosis, schiZo 
phrenia or similar neuropsychiatric disorders, While avoiding 
adverse effects associated With drugs hitherto suggested for 
this purpose. 
[0043] EC50 for an agonist is intended to denote the con 
centration of a compound needed to achieve 50% of a maxi 
mal response seen in R-SAT. For inverse agonists, EC50 is 
intended to denote the concentration of a compound needed 
to achieve 50% inhibition of an R-SAT response from basal, 
no compound, levels. 
[0044] As used herein, “coadministration” of pharmaco 
logically active compounds refers to the delivery of tWo or 
more separate chemical entities, Whether in vitro or in vivo. 
Coadministration refers to the simultaneous delivery of sepa 
rate agents; to the simultaneous delivery of a mixture of 
agents; as Well as to the delivery of one agent folloWed by 
delivery of a second agent or additional agents. In all cases, 
agents that are coadministered are intended to Work in con 
junction With each other. 
[0045] “Cyclic organyl groups” are aliphatic, alicyclic 
groups in Which carbon atoms form a ring. In preferred 
embodiments containing four, ?ve, six or seven carbon 
atoms, the ring, as a substituent, is connected either directly 
via one of the ring atoms or via one or more appended carbon 
atoms. Particular examples of such groups include cyclopen 
tyl, cyclohexyl, cycloheptyl, cyclopentylmethyl, cyclohexy 
lmethyl, cyclohexylethyl groups, and the like. 
[0046] “Straight-chained acyclic organyl groups” are sub 
stituent groups consisting of a linear arrangement of carbon 
atoms, Where accordingly each carbon atom binds a maxi 
mum of tWo other carbon atoms, connected through single, 
double, or triple bonds. The straight-chained organyl groups 
may contain none, one, or several multiple bonds, and are, for 
example, commonly referred to as alkyl, alkenyl or alkynyl, 
or alkadienyl groups, respectively. Examples of straight 
chained organyl groups include methyl, ethyl, propyl, butyl, 
pentyl, hexyl, propenyl, butenyl, pentadienyl, propargyl, 
butynyl. 
[0047] “Branched acyclic organyl groups” are substituent 
groups consisting of a branched arrangement of carbon 
atoms, Where accordingly one or more carbon atoms may 
bind more than tWo other carbon atoms, connected through 
single, double, or triple bonds. The branched organyl groups 
may contain none, one, or several multiple bonds. Examples 
of branched organyl groups include iso-propyl, iso-butyl, 
tert-butyl, methylbutyl, methylbutenyl, methylbutynyl. 
[0048] “LoWer alkoxy groups” are C1_6 cyclic or acyclic 
organyl groups connected, as substituents, via an oxygen 
atom. Examples of loWer alkoxy groups include methoxy, 
ethoxy, to propoxy, butoxy, tert-butoxy. 
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[0049] “LoWer alkyl groups” are C1_6 cyclic, straight 
chained or branched aliphatic substituent groups connected 
via a carbon atom. Examples include methyl; ethyl, propyl, 
butyl, methylbutyl, cyclopropyl, cyclohexyl, iso-propyl, tert 
butyl. 
[0050] “LoWer alkylamino group s” are understood as loWer 
alkyl groups connected, as substituents, via a nitrogen atom, 
Which may carry one or tWo loWer alkyl groups. Particular 
examples include methylamino, dimethylamino, iso-propy 
lamino. Optionally, loWer aminoalkyl groups may consist of 
4-6 membered nitrogen-containing rings, such as pyrrolidino. 

[0051] “LoWer aminoalkyl groups” are loWer alkyl groups 
carrying, as a substituent, an additional amino group. 
Examples include aminomethyl and aminoethyl. 
[0052] “LoWer hydroxyalkyl groups” are understood as 
loWer alkyl groups carrying, as a substituent, an additional 
hydroxy group. Examples include hydroxymethyl, hydroxy 
ethyl, 2-hydroxy-2-propyl, hydroxypentyl. 
[0053] “Acyl groups” are hydrogen or loWer alkyl groups 
connected, as substituents, via a carbonyl group. Examples 
include formyl, acetyl, propanoyl. 
[0054] “Halo groups” are understood to be ?uoro, chloro, 
bromo, or iodo substituents, With ?uoro and chloro being 
generally preferred. 
[0055] “LoWer alkylene groups” are straight-chained teth 
ering groups, forming bonds to connect molecular fragments 
via their terminal carbon atoms. Examples include methylene 
(iCHZi), ethylene (4CH2CH2i), propylene 
(iCHZCHZCHZi) or butylene (i(CH2)4i) groups. 
[0056] “Vinylene groups” are ethene-l,2-diyl groups 
(iCHCHi) having (E) or (Z) con?guration. 
[0057] “Aralkyl groups” are aryl groups connected, as sub 
stituents, via a loWer alkylene group. The aryl groups of 
aralkyl groups may be substituted or unsubstituted. Examples 
include benZyl; substituted benZyl, 2-phenylethyl, 3-phenyl 
propyl, naphthylalkyl. 
[0058] ‘Heteroaralkyl groups’ are understood as heteroaryl 
groups connected, as substituents, via a loWer alkylene group. 
The heteroaryl groups of heteroaralkyl groups may be sub 
stituted or unsubstituted. Examples include 2-thienylmethyl, 
3-thienylmethyl, furylmethyl, thienylethyl, pyrrolylalkyl, 
pyridylalkyl, isoxaZolylalkyl, imidaZolylalkyl, and their sub 
stituted as Well as benZo-fused analogs. 

[0059] “Aryl groups” are aromatic, preferably benZenoid or 
naphthoid, groups connected via one of the ring-forming 
carbon atoms, and optionally carrying one or more substitu 
ents selected from halo, hydroxy, amino, cyano, nitro, alky 
lamido, acyl, loWer alkoxy, loWer alkyl, loWer hydroxyalkyl, 
loWer aminoalkyl, loWer alkylamino; alkylsulfenyl, alkyl 
sul?nyl, alkylsulfonyl, sulfamoyl, or tri?uoromethyl. Pre 
ferred aryl groups are phenyl, and, most suitably, substituted 
phenyl groups, carrying one or tWo, same or different, of the 
substituents listed above. The preferred pattern of substitu 
tion is para and/or meta. Representative examples of aryl 
groups include, but are not limited to, phenyl, 3-halophenyl, 
4-halophenyl, 3-hydroxyphenyl, 4-hydroxyphenyl, 3-ami 
nophenyl, 4-aminophenyl, 3-methylphenyl, 4-methylphenyl, 
3-ethoxyphenyl, 4-methoxyphenyl, 3-cyanophenyl, 4-cy 
anophenyl, dimethylphenyl, naphthyl, hydroxynaphthyl, 
hydroxymethylphenyl, tri?uoromethylphenyl. 
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[0060] “Heteroaryl groups” are understood as aromatic, 
C2_6 cyclic groups containing one 0 or S atom or up to fourN 

atoms, or a combination of one 00 or S atom With up to tWo N 

atoms, and their substituted as Well as benZo- and pyrido 

fused derivatives, preferably connected via one of the ring 
forming carbon atoms. Heteroaryl groups may carry one or 

more substituents, selected from halo, hydroxy, amino, 
cyano, nitro, alkylamido, acyl, loWer alkoxy, loWer alkyl, 
loWer hydroxyalkyl, loWer aminoalkyl, loWer alkylamino, 
alkylsulfenyl, alkylsul?nyl, alkylsulfonyl, sulfamoyl, or trif 
luoromethyl. Preferred heteroaryl groups are ?ve- and six 
membered aromatic heterocyclic systems carrying 0, l, or 2 
substituents, Which may be the same as or different from one 

another, selected from the list above. Representative 
examples of heteroaryl groups include, but are not limited to, 
unsubstituted and mono- or di-substituted derivatives of 

furan, benZofuran, thiophene, benZothiophene, pyrrole, 
indole, oxaZole, benZoxaZole, isoxaZole, benZisoxaZole, thia 
Zole, benZothiaZole, isothiaZole, imidaZole, benZimidaZole, 
pyraZole, indaZole, and tetraZole, Which are all preferred, as 

Well as furaZan, 1,2,3-oxadiazole, 1,2,3-thiadiazole, 1,2,4 
thiadiaZole, triaZole, benZotriaZole, pyridine, quinoline, iso 
quinoline, pyridaZine, pyrimidine, purine, pyraZine, pteri 
dine, and triaZine. The most preferred substituents are halo, 

hydroxy, cyano, loWer alkoxy, loWer alkyl, loWer hydroxy 
alkyl, loWer alkylamino, and loWer aminoalkyl. 

[0061] 
ably shoWing a relatively high selectivity toWard serotonin 

The present invention provides compounds prefer 

receptors, particularly, 5-HT2A receptors, Which may have a 
bene?cial effect in the treatment of neuropsychiatric disor 
ders. 

[0062] According to one embodiment, the present inven 
tion provides compounds of the general formula (I): 

AIz 

[0063] Wherein 

[0064] Z is 

I I R R 
N N N N 

(CHM, , , , 
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-continued 
R R 

l l 
N N 

[0065] in Which 
[0066] R is a hydrogen, a cyclic or straight-chained or 
branched acyclic organyl group, a loWer hydroxyalkyl group, 
a loWer aminoalkyl group, or an aralkyl or heteroaralkyl 
group; 

[0067] 
[0068] X1 is methylene, vinylene, or an NH or N (loWer 
alkyl) group; and 
[0069] X2 is methylene, or, When X1 is methylene or 
vinylene, X2 is methylene or a bond; or When X 1 is methylene, 
X2 is O, S, NH, or N(loWer alkyl) or a bond; 

[007 0] X 
[0071] Yl is methylene andY2 is methylene, vinylene, eth 
ylene, propylene, or a bond; or 

nis 0, l,or2; 

[0072] Yl is a bond and Y2 is vinylene; or 

[0073] Yl is ethylene andY2 is O, S, NH, or N(loWer alkyl); 
[0074] Ar 1 and Ar2 independently are unsubstituted or sub 
stituted aryl or heteroaryl groups; and 

[0075] W is oxygen or sulfur 

[0076] or a pharmacologically acceptable salt, ester, or pro 
drug thereof. 
[0077] In general, compounds of formula (I) are active at 
monoamine receptors; speci?cally serotonin receptors. Pre 
ferred compounds share the common property of acting as 
inverse agonists at the 5-HT2A receptor. Thus, experiments 
performed on cells transiently expressing the human pheno 
type of said receptor have shoWn that the compounds of 
general formula (I) attenuate the signalling of such receptors 
in the absence of additional ligands acting upon the receptor. 
The compounds have thus been found to possess intrinsic 
activity at this receptor and are able to attenuate the basal, 
non-agonist-stimulated, constitutive signalling responses 
that the 5-HT2A receptor displays. The observation that the 
compounds of general formula (I) are inverse agonists also 
indicates that these compounds have the ability to antagoniZe 
the activation of 5 -HT2A receptors that is mediated by endog 
enous agonists or exogenous synthetic agonist ligands. 
[0078] In a preferred embodiment, the present invention 
provides compounds that preferably shoW a relatively high 
degree of selectivity toWards the 5-HT2A subtype of seroto 
nin receptors relative to other subtypes of the serotonin 
(5-HT) family of receptors as Well as to other receptors, most 
particularly the monoaminergic G-protein coupled receptors, 
such as dopamine receptors. In another preferred embodi 
ment, the compounds of the present invention act as inverse 
agonists at the 5-HT2A subtype of serotonin receptors. 
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[0079] The compounds of general, formula (I) may there 
fore be useful for treating or alleviating symptoms of disease 
conditions associated With impaired function, in particular 
elevated levels of activity, of especially 5-HT2A receptors, 
Whether this impaired function is associated With improper 
levels of receptor stimulation or phenotypical aberrations. 
[0080] Others have previously hypothesised that certain 
neuropsychological diseases might be caused by altered lev 
els of constitutive activity of monoamine receptors. Such 
constitutive activity might be modi?ed via contacting the 
relevant receptor With a synthetic inverse agoni st. By directly 
testing a large number of centrally acting medicinal com 
pounds With knoWn clinical activity in neuropsychiatric dis 
ease, We determined that compounds With antipsychotic e?i 
cacy all shared a common molecular property. Nearly all of 
these compounds that are used by psychiatrists to treat psy 
chosis Were found to be potent 5-HT2A inverse agonists. This 
correlation is compelling evidence that 5-HT2A receptor 
inverse agonism is a molecular mechanism of antipsychotic 
e?icacy in humans. 
[0081] Detailed pharmacological characteriZation of a 
large number of antipsychotic compounds in our laboratory 
revealed that they possess broad activity at multiple related 
receptor subtypes. Most of these compounds display either 
agonist, competitive antagonist, or inverse agonist activity at 
multiple monoaminergic receptor subtypes including sero 
toninergic, dopaminergic, adrenergic, muscarinic and to his 
taminergic receptors. This broad activity is likely responsible 
for the sedating, hypotensive, and motor side effects of these 
compounds. It folloWs that the compounds disclosed herein 
Will possess e?icacy as, for example, novel antipsychotics, 
but Will have feWer or less severe side effects than existing 
compounds. 
[0082] The present invention also provides pharmaceutical 
compositions comprising an effective amount of a compound 
of general formula (I). 
[0083] In a preferred embodiment of the compounds of 
formula (I), Yl is methylene and Y2 is a bond, methylene, 
ethylene, or vinylene, orYl is ethylene and Y2 is O or S, and 
X1 is methylene and X2 is a bond methylene, O, or S, or X1 is 
NH or N(loWer alkyl). 
[0084] In a further preferred embodiment of the com 
pounds of formula (I), Z is 

R 

| 
N 

(CH2)? 

[0085] and W is oxygen. 
[0086] In a more preferred embodiment of the compounds 
of formula (I), n is l,Yl is methylene,Y2 is a bond, methylene, 
ethylene, or vinylene, X l is methylene and X2 is a bond, or X l 
is NH or N(loWer alkyl) and X2 is methylene. In a further 
preferred embodiment of the compounds of formula (I), W is 
oxygen and Ar 1 and Ar2 are different aryl or heteroaryl 
groups, With different mono-sub stituted phenyl groups being 
particularly preferred. Preferably, Arl and Ar2 are not simul 
taneously phenyl. 
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[0087] Also preferred compounds of formula (I) are those 
Where Z is l-(organyl or aralkyl)-4-piperidinyl. 
[0088] In another embodiment, the invention provides pre 
ferred compounds of the formula (II): 

II 

RN 
| ,H A 
N+ 

ArL 

N 
k 

O 
AIR 

[0089] in Which RN is hydrogen, loWer alkyl, aralkyl, or 
heteroaralkyl; 
[0090] ArL is selected from loWer alkyl, loWer alkoxy and 
halogen 
[0091] ArR is selected from loWer alkyl, loWer alkoxy and 
halogen; 
[0092] k is l or 2 
[0093] to and A“ is a suitable anion. 
[0094] According to the invention, a suitable anion may be 
any anion capable of forming a pharmaceutically acceptable 
salt of the compound, as described in further detail beloW. 
[0095] The present invention also provides a method of 
inhibiting an activity of a monoamine receptor. This method 
comprises contacting a monoamine receptor or a system con 
taining the monoamine receptor, With an effective amount of 
a compound of formula (I). According to one embodiment, 
the monoamine receptor is a serotonin receptor. In a preferred 
embodiment, the compound is selective for the 5-HT2A 
receptor subclass. In another preferred embodiment, the com 
pound has little or substantially no activity to other types of 
receptors, including other serotonergic receptors and most 
particularly, monoaminergic G-protein coupled receptors, 
such as dopaminergic receptors. 
[0096] The system containing the monoamine receptor 
may, for example, be a subject such as a mammal, non-human 
primate or a human. The receptor may be located in the 
central or peripheral nervous system, blood cells or platelets. 
[0097] The system may also be an in vivo or in vitro experi 
mental model, such as a cell culture model system that 
expresses a monoamine receptor, a cell-free extract thereof 
that contains a monoamine receptor, or a puri?ed receptor. 
Non-limiting examples of such systems are tissue culture 
cells expressing the receptor or extracts or lysates thereof. 
Cells that may be used in the present method include any cells 
capable of mediating signal transduction via monoamine 
receptors especially the 5 HT2A receptor, either via endog 
enous expression of this receptor (e.g., certain types of neu 
ronal cells lines, for example, natively express the 5-HT2A 
receptor), or folloWing transfection of cells With plasmids 
containing the receptor gene. Such cells are typically mam 
malian cells (or other eukaryotic cells, such as insect cells or 
Xenopus oocytes), because cells of loWer organisms gener 
ally lack the appropriate signal transduction pathWays for the 
present purpose. Examples of suitable cells include: the 
mouse ?broblast cell line NIH 3T3 (ATCC CRL 1658), Which 
responds to transfected 5-HT2A receptors by stimulating 
groWth; RAT 1 cells (Pace et al., Proc. Natl. Acad. Sci. USA 
88:7031-35 (1991)); and pituitary cells (Vallar et al., Nature 
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330:556-58 (1987)). Other useful mammalian cells for the 
present method include HEK 293 cells, CHO cells and COS 
cells. 
[0098] The invention speci?cally provides methods of 
inhibiting an activity of a native, mutated or modi?ed 
monoamine receptor. Also provided are kits for performing 
the same. In a preferred embodiment, the activity of the 
receptor is a signalling activity. In another preferred embodi 
ment, the activity of the receptor is the constitutive basal 
activity of the receptor. Preferrably, the compound is an 
inverse agonist selective for the 5-HT2A receptor. Most pref 
erably, the compound has little or substantially no activity 
toWard other serotonergic or other monoaminergic receptors, 
such as dopaminergic receptors. 
[0099] In one embodiment, the activity of the receptor is a 
response, such as a signalling response, to an endogenous 
agonist, such as 5-HT, or an exogenous agonistic agent, such 
as a drug or other synthetic ligand. The compound of formula 
(I) preferably acts by inversely agonising or antagonising the 
receptor. 
[0100] Furthermore, the present invention relates to a 
method of inhibiting an activation of a monoamine receptor 
comprising contacting the monoamine receptor, or a system 
containing the monoamine receptor, With one or more com 
pounds of the invention. The activation of the receptor may be 
due to an exogenous or endogenous agonist agent, or may be 
the constitutive activation associated With a native, mutated or 
modi?ed receptor. The receptor may puri?ed or present in an 
in vitro or in vivo system. The receptor may also be present in 
the central or peripheral nervous system, blood cells or plate 
lets of a nonhuman or human subject. Also provided are kits 
for performing the same. 
[0101] In a preferred embodiment, the compound is selec 
tive for 5-HT class serotonin receptors, more preferably, the 
5-HT2A subclass of serotonin receptors. In another preferred 
embodiment, the compound has little or substantially no anti 
dopaminergic activity: 
[0102] The present invention provides methods of treating 
a disease condition associated With a monoamine receptor 
comprising administering to a mammal in need of such treat 
ment an effective amount of a compound of formula (I). The 
invention speci?cally provides methods for treating or alle 
viating disease conditions associated With improper function 
or stimulation of native, as Well as mutated or otherWise 
modi?ed, forms of central serotonin receptors, particularly 
the 5-HT class of such receptors, comprising administration 
of an effective amount of a selective inverse agonist of the 
general formula (I) to a host in need of such treatment. Also 
provided are kits for performing the same. 

[0103] In a preferred embodiment, the receptor is the 
5-HT2A subclass. In one embodiment, the disease condition 
is associated With dysfunction of the serotonin receptor. In 
another embodiment, the disease condition is associated With 
activation of the serotonin receptor, preferably inappropri 
ately elevated or constitutive activation, elevated serotonergic 
tone, as Well as disease conditions associated With secondary 
cellular functions impaired by such pathologies. 
[0104] Examples of diseases for Which such treatment 
using the compounds of the invention, or pharmaceutical 
compositions comprising such compounds, is useful include, 
but are not limited to, neuropsychiatric diseases such schiZo 
phrenia and related idiopathic psychoses, anxiety, sleep dis 
orders, appetite disorders, affective disorders such as major 
depression, bipolar disorder, and depression With psychotic 
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features, and Tourette’s Syndrome, drug-induced psychoses, 
psychoses secondary to neurodegenerative disorders such as 
AlZheimer’s or Huntington’s Disease. It is anticipated that the 
compounds of this invention, particularly selective inverse 
agonists of 5-HT2A that shoW little or no activity on dopam 
inergic receptors may be especially useful for treating schiZo 
phrenia. Treatment using the compounds of the invention 
may also be useful in treating migraine, vasospasm, hyper 
tension, various thrombotic conditions including myocardial 
infarction, thrombotic or ischemic stroke, idiopathic and 
thrombotic thrombocytopenic purpura, and peripheral vascu 
lar disease. 

[0105] In a further embodiment the present invention pro 
vides methods for treating or alleviating a disease condition 
associated With improper function, dysfunction, or stimula 
tion of native, as Well as mutated or otherWise modi?ed, 
forms of central or peripheral monoamine receptors, such 
methods comprising administration of an effective amount of 
a compound of the general formula (I) to a host in need of such 
treatment. Preferably the monoamine receptor is serotonin 
receptor in the peripheral nervous system, blood or platelets; 
more preferably a 5-HT2A subclass receptor. In additional 
embodiments, the disease condition is associated With 
increased activity or activation of a serotonin receptor. Also 
provided are kits for performing the same. 

[0106] The present invention also pertains to the ?eld of 
predictive medicine in Which pharmacogenomics is used for 
prognostic (predictive) purposes. Pharmacogenomics deals 
With clinically signi?cant hereditary variations in the 
response to drugs due to altered drug disposition and abnor 
mal action in affected persons. See e.g., Eichelbaum, Clin 
Exp Pharmacol. Physiol, 23:983-985 (1996), and Linder, 
Clin. Chem. 43:254-66 (1997). In general, tWo types ofphar 
macogenetic conditions can be differentiated: genetic condi 
tions transmitted as a single factor altering the Way drugs as 
act on the body (altered drug action), and genetic conditions 
transmitted as single factors altering the Way the body acts on 
drugs (altered drug metabolism). These pharmacogenetic 
conditions can occur as naturally occurring polymorphisms. 

[0107] One pharmacogenomics approach to identifying 
genes that predict drug response, knoWn as “a genome-Wide 
association,” relies primarily on a high-resolution map of the 
human genome consisting of already knoWn gene-related 
markers (e. g., a “bi-allelic” gene marker map that consists of 
60,000-100,000 polymorphic or variable sites on the human 
genome, each of Which has tWo variants). Such a high-reso 
lution genetic map can be compared to a map of the genome 
of each of a statistically signi?cant number of patients taking 
part in a Phase II/III drug trial to identify markers associated 
With a particular observed drug response or side effect. Alter 
natively, such a high-resolution map can be generated from a 
combination of some ten-million knoWn single nucleotide 
polymorphisms (SNPs) in the human genome. As used 
herein, a “SNP” is a common alteration that occurs in a single 
nucleotide base in a stretch of DNA. For example, a SNP may 
occur once per every 1,000 bases of DNA. A SNP may be 
involved in a disease process; hoWever, the vast majority may 
not be disease-associated. Given a genetic map based on the 
occurrence of such SNPs, individuals can be grouped into 
genetic categories depending on a particular pattern of SNPs 
in their individual genome. In such a manner, treatment regi 
mens can be tailored to groups of genetically similar indi 
viduals, taking into account traits that may be common 
among such genetically similar individuals: 
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[0108] Alternatively, a method termed the “candidate gene 
approach” can be utilized to identify genes that predict drug 
response. According to this method, if a gene that encodes a 
drug’s target is known (e.g., a protein or a receptor of the 
present invention), all common variants of that gene can be 
fairly easily identi?ed in the population and it can be deter 
mined if having one version of the gene versus another is 
associated With a particular drug response. 
[0109] Alternatively, a method termed the “gene expres 
sion pro?ling”, can be utiliZed to identify genes that predict 
drug response. For example, the gene expression of an animal 
dosed With a drug (e.g., a molecule or modulator of the 
present invention) can give an indication Whether gene path 
Ways related to toxicity have been turned on. 
[0110] Information generated from more than one of the 
above pharmacogenomics approaches can be used to deter 
mine appropriate dosage and treatment regimens for prophy 
lactic or therapeutic treatment of an individual. This knoWl 
edge, When applied to dosing or drug selection, can avoid 
adverse reactions or therapeutic failure and thus enhance 
therapeutic or prophylactic ef?ciency When treating a subject 
With a molecule or modulator of the invention, such as a 
modulator identi?ed by one of the exemplary screening 
assays described herein. As We have described previously, 
this approach can also be used to identify novel candidate 
receptor or other genes suitable for further pharmacological 
characterization in vitro and in vive. 
[0111] Accordingly, the present invention also provides 
methods and kits for identifying a genetic polymorphism 
predisposing a subject to being responsive to a compound 
described herein. The method comprises administering to a 
subject an effective amount of a compound; identifying a 
responsive subject having an ameliorated disease condition 
associated With a monoamine receptor; and identifying a 
genetic polymorphism in the responsive subject, Wherein the 
genetic polymorphism predisposes a subject to being respon 
sive to the compound. It is anticipated that this method may be 
useful both for predicting Which individuals are responsive to 
therapeutic effects of a compound and also for predicting 
those likely to experience adverse side effect responses. This 
approach may be useful for identifying, for example, poly 
morphisms in a serotonin receptor that lead to constitutive 
activation, and are thus amenable to inverse agonist therapy. 
In addition, this method may be useful for identifying poly 
morphisms that lead to altered drug metabolism Whereby 
toxic byproducts are generated in the body. Such a mecha 
nism has been implicated in the rare, but potentially life 
threatening side effects of the atypical antipsychotic, cloZa 
pine. 
[0112] In a related embodiment, a method for identifying a 
subject suitable for treatment With a compound of the present 
invention is provided. According to the method, the presence 
of a polymorphism that predisposes the subject to being 
responsive to the compound is detected, the presence of the 
polymorphism indicating that the subject is suitable for treat 
ment. Also provided are kits for performing the same. 

[0113] The compounds of this invention preferably shoW 
selective inverse agonist activity toWards the 5-HT2A recep 
tor. Such activity is de?ned by an ability of the ligand to 
attenuate or abolish the constitutive signaling activity of this 
receptor Selectivity in the present context is understood as a 
property of a compound of the invention Whereby an amount 
of compound that effectively inversely agoniZes the 5-HT2A 
receptor and thereby decreases its activity causes little or no 
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inverse agonistic or antagonistic activity at other, related or 
unrelated, receptors. In particular, the compounds of the 
invention have surprisingly been found not to interact 
strongly With other serotonin receptors (5-HT 1A, 1 D, l E, 1F, 
2B, 2C, 4A, 6, and 7) at concentrations Where the signaling of 
the 5-HT2A receptor is strongly or completely inhibited. 
Preferably, the compounds of the invention are also selective 
With respect to other monoamine-binding receptors, such as 
the dopaminergic, histaminergic, adrenergic and muscarinic 
receptors. 
[0114] A particularly preferred embodiment of this inven 
tion includes: 
[0115] N-(l -(l-methylethyl)piperidin-4-yl)-N-((4-meth 
ylphenyl)methyl)-4-methoxyphenylacetamide; 

[0116] N-(l-(2,2-dimethylethyl)piperidin-4-yl)-N-((4 
methylphenyl)methyl)-4-methoxyphenylacetamide; 

[0117] N-(l-pentylpiperidin-4-yl)-N-((4-methylphenyl) 
methyl)-4-methoxyphenylacetamide; 

[0118] N-(l-hexylpiperidin-4-yl)-N-((4-methylphenyl) 
methyl)-4-methoxyphenylacetamide; 

[0119] N-(l-cyclohexylpiperidin-4-yl)-N-((4-methylphe 
nyl)methyl)-4-methoxyphenylacetamide; 

[0120] N-(l-cyclopentylpiperidin-4-yl)-N-((4-methylphe 
nyl)methyl)-4-methoxyphenylacetamide; 

[0121] N-(l-cyclobutylpiperidin-4-yl)-N-(4-methylphe 
nyl)methyl)-4-methoxyphenylacetamide; 

[0122] N-(l-cyclopropylpiperidin-4-yl)-N-((4-methylphe 
nyl)methyl)-4-methoxyphenylacetamide; 

[0123] N-(l-(cyclopentylmethyl)piperidin-4-yl)-N-((4 
methylphenyl)methyl)-4-methoxyphenylacetamide; 

[0124] N-(l-(cyclobutylmethyl)piperidin-4-yl)-N-((4-me 
thylphenyl)methyl)-4-methoxyphenylacetamide; 

[0125] N-(l-(cyclopropylmethyl)piperidin-4-yl)-N-((4 
methylphenyl)methyl)-4-methoxyphenylacetamide; 

[0126] N-(l-(2-hydroxyethyl)piperidin-4-yl)-N-((4-meth 
ylphenyl)methyl)-4-methoxyphenylacetamide; 

[0127] N-(l-(3-hydroxypropyl)piperidin-4-yl)-N-((4-me 
thylphenyl)methyl)-4-methoxyphenylacetamide; 

[0128] N-((4-Methylphenyl)methyl)-N-(piperidin-4-yl) 
N'-phenylmethylcarbamide; 

[0129] N-((4-Methylphenyl)methyl)-N-(l-(2-methylpro 
pyl)piperidin-4-yl)-N'-phenylmethylcarbamide; 

[0130] N-(l-((2-Bromophenyl)methyl)piperidin-4-yl)-N 
((4-methylphenyl)methyl)-N'-phenylmethylcarbamide; 

[0131] N-(l-((4-Hydroxy-3-methoxyphenyl)methyl)pip 
eridin-4-yl)-N-((4-methylphenyl)methyl)-N'-phenylm 
ethylcarbamide; 

[0132] N-(l-((5-Ethylthien-2-yl)methyl)piperidin-4-yl) 
N-((4-methylphenyl)methyl)-N'-phenylmethylcarbamide; 

[0133] N-(l-(ImidaZol-2-ylmethyl)piperidin-4-yl)-N-((4 
methylphenyl)methyl)-N'-phenylmethylcarbamide; 

[0134] N-(l-(Cyclohexylmethyl)piperidin-4-yl)-N-((4 
methylphenyl)methyl)-N'-phenylmethylcarbamide; 

[0135] N-(l-((4-Fluorophenyl)methyl)piperidin-4-yl)-N 
((4-methylphenyl)methyl)-N'-phenylmethylcarbamide; 

[0136] N-((4-Methylphenyl)methyl)-N-(piperidin-4-yl) 
4-methoxyphenylacetamide 

[0137] N-((4-Methylphenyl)methyl)-N-(l-methylpiperi 
din-4-yl)-4-methoxyphenylacetamide; 

[0138] N-(l-Ethylpiperidin-4-yl)-N-((4-methylphenyl) 
methyl)-4-methoxyphenylacetamide; 

[0139] N-((4-Methylphenyl)methyl)-N-(l-propylpiperi 
din-4-yl)-4-methoxyphenylacetamide; 
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ynaphthoate, iodide, to isothionate, lactate, lactobionate, lau 
rate, maleate, mandelate, mesylate, methylbromide, 
methylnitrate, methylsulfate, nitrate, N-methylglucamine 
ammonium salt, oleate, oxalate, phosphate/diphosphate, sali 
cylate, stearate, sulfate, succinate, tannate, tartrate, tosylate, 
triethiodide and valerate salt. 
[0256] The present invention includes Within its scope pro 
drugs of the compounds of this invention. In general, such 
prodrugs are inactive derivatives of the compounds of this 
invention that are readily convertible in vivo into the required 
compound. Conventional procedures for the selection and 
preparation of suitable prodrug derivatives are described, for 
example, in Design ofProdrugs, (ed. H. Bundgaard, Elsevier, 
1985). Metabolites of these compounds include active spe 
cies that are produced upon introduction of compounds of this 
invention into the biological milieu. 
[0257] Where the compounds according to the invention 
have at least one chiral center, they may exist as a racemate or 
as enantiomers. It should be noted that all such isomers and 
mixtures thereof are included in the scope of the present 
invention. Furthermore, some of the crystalline forms for 
compounds of the present invention may exist as polymorphs 
and as such are intended to be included in the present inven 
tion. In addition, some of the compounds of the present inven 
tion may form solvates With Water (i.e., hydrates) or common 
organic solvents. Such solvates are also included in the scope 
of this invention. 
[0258] Where the processes for the preparation of the com 
pounds according to the invention give rise to mixtures of 
stereoisomers, such isomers may be separated by conven 
tional techniques such as preparative chiral chromatography. 
The compounds may be prepared in racemic form or indi 
vidual enantiomers may be prepared by stereoselective syn 
thesis or by resolution. The compounds may be resolved into 
their component enantiomers by standard techniques, such as 
the formation of diastereomeric pairs by salt formation With 
an optically active acid, such as (—)-di-p-toluoyl-d-tartaric 
acid and/or (+)-di-p-toluoyl-l-tartaric acid, folloWed by frac 
tional crystallization and regeneration of the free base. The 
compounds may also be resolved by formation of diastereo 
meric esters or amides folloWed by chromatographic separa 
tion and removal of the chiral auxiliary. 
[0259] Compounds of the present invention may be admin 
istered in any of the foregoing compositions and according to 
dosage regimens established in the art Whenever speci?c 
pharmacological modi?cation of the activity of monoamine 
receptors is required. 
[0260] The present invention also provides pharmaceutical 
compositions comprising one or more compounds of the 
invention together With a pharmaceutically acceptable diluent 
or excipient. Preferably such compositions are in unit dosage 
forms such as tablets, pills, capsules (including sustained 
release or delayed-release formulations), poWders, granules, 
elixirs, tinctures, syrups and emulsions, sterile parenteral 
solutions or suspensions, aerosol or liquid sprays, drops, 
ampoules, auto-injector devices or suppositories; for oral, 
parenteral (e. g., intravenous, intramuscular or subcutaneous), 
intranasal, sublingual or rectal administration, or for admin 
istration by inhalation or insu?lation, and may be formulated 
in an appropriate manner and in accordance With accepted 
practices such as those disclosed in Remington ’s Pharmaceu 
Zical Sciences, (Gennaro, ed., Mack Publishing Co.; Easton 
Pa., 1990, herein incorporated by reference). Alternatively, 
the compositions may be in sustained-release form suitable 
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for once-Weekly or once-monthly administration; for 
example, an insoluble salt of the active compound, such as the 
decanoate salt, may be adapted to provide a depot preparation 
for intramuscular injection. The present invention also con 
templates providing suitable topical formulations for admin 
istration to, e.g., eye or skin or mucosa. 

[0261] For instance, for oral-administration in the form of a 
tablet or capsule, the active drug component can be combined 
With an oral, non-toxic, pharmaceutically acceptable inert 
carrier such as ethanol, glycerol, Water and the like. More 
over, When desired or necessary, suitable binders, lubricants, 
disintegrating agents, ?avoring agents and coloring agents 
can also be incorporated into the mixture. Suitable binders 
include, Without limitation, starch, gelatin, natural sugars 
such as glucose or beta-lactose, natural and synthetic gums 
such as acacia, tragacanth or sodium alginate, carboxymeth 
ylcellulose, polyethylene glycol, Waxes and the like. Lubri 
cants used in these dosage forms include, Without limitation, 
sodium oleate, sodium stearate, magnesium stearate, sodium 
benZoate, sodium acetate, sodium chloride and the like. Dis 
integrators include, Without limitation, starch, methyl cellu 
lose, agar, bentonite, xanthan gum and the like. 
[0262] For preparing solid compositions such as tablets, the 
active ingredient is mixed With a suitable pharmaceutical 
excipient such as the ones described above and other phar 
maceutical diluents, e.g., Water, to form a solid preformula 
tion composition containing a homogeneous mixture of a 
compound of the present invention or a pharmaceutically 
acceptable salt thereof. By the term “homogeneous” is meant 
that the active ingredient is dispersed evenly throughout the 
composition so that the composition may be readily subdi 
vided into equally effective unit dosage forms such as tablets, 
pills and capsules. The solidpreformulation composition may 
then be subdivided into unit dosage forms of the type 
described above containing from 0.1 to about 50 mg of the 
active ingredient of the present invention. The tablets or pills 
of the present composition may be coated or otherWise com 
pounded to provide a dosage form-affording the advantage of 
prolonged action. For example, the tablet or pill can comprise 
an inner core containing the active compound and an outer 
layer as a coating surrounding the core. The outer coating may 
be an enteric layer that serves to resist disintegration in the 
stomach and permits the inner core to pass intact into the 
duodenum or to be delayed in release. A variety of materials 
can be used for such enteric layers or coatings including a 
number of polymeric acids and mixtures of polymeric acids 
With conventional materials such as shellac, cetyl alcohol and 
cellulose acetate. 

[0263] The liquid forms in Which the present compositions 
may be incorporated for administration orally or by injection 
include aqueous solutions, suitably ?avored syrups, aqueous 
or oil suspensions, and ?avored emulsions With edible oils 
such as cottonseed oil, sesame oil, coconut oil or peanut oil, as 
Well as elixirs and similar pharmaceutical carriers. Suitable 
dispersing or suspending agents for aqueous suspensions 
include synthetic and natural gums such as tragacanth, acacia, 
alginate, dextran, sodium carboxymethylcellulose, gelatin, 
methylcellulose or polyvinylpyrrolidone. Other dispersing 
agents that may be employed include glycerin and the like. 
For parenteral administration, sterile suspensions and solu 
tions are desired. lsotonic preparations that generally contain 
suitable preservatives are employed When intravenous 
administration is desired. The compositions can also be for 
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mulated as an ophthalmic solution or suspension formation, 
i.e., eye drops, for ocular administration 
[0264] Consequently, the present invention also relates to a 
method of alleviating or treating a disease condition in Which 
modi?cation of monoamine receptor activity, in particular 
5-HT2A serotonergic receptor activity, has a bene?cial effect 
by administering a therapeutically effective amount of a com 
pound of the present invention to a subject in need of such 
treatment. Such diseases or conditions may, for instance arise 
from inappropriate stimulation or activation of serotonergic 
receptors. It is anticipated that by using compounds that are 
selective for a particular serotonin receptor subtype, in par 
ticular 5-HT2A, the problems With adverse side effects 
observed With the knoWn, antipsychotic drugs, such as 
extrapyramidal effects, may be avoided substantially. 
[0265] The term “therapeutically effective amount” as used 
herein means an amount of an active compound or pharma 
ceutical agent that elicits the biological or medicinal response 
in a tissue, system, animal or human that is being sought by a 
researcher, veterinarian, medical doctor or other clinician, 
Which includes alleviation of the symptoms of the disease 
being treated. 
[0266] Advantageously, compounds of the present inven 
tion may be administered in a single daily dose, or the total 
daily dosage may be administered in divided doses, for 
example, tWo, three or four times daily. Furthermore, com 
pounds of the present invention may be administered in intra 
nasal form via topical use of suitable intranasal vehicles, via 
transdermal routes, using those forms of transdermal skin 
patches Well knoWn to persons skilled in the art, by implant 
able pumps; or by any other suitable means of administration. 
To be administered in the form of a transdermal delivery 
system, for example, the dosage administration Will, of 
course, be continuous rather than intermittent throughout the 
dosage regimen. 
[0267] The dosage regimen utiliZing the compounds of the 
present invention is selected in accordance With a variety of 
factors including type, species, age, Weight, sex and medical 
condition of the patient; the severity of the condition to be 
treated; the route of administration; the renal and hepatic 
function of the patient; and the particular compound 
employed. A physician or veterinarian of ordinary skill can 
readily determine and prescribe the effective amount of the 
drug required to prevent, counter or arrest the progress of the 
disease or disorder that is being treated. 
[0268] The daily dosage of the products may be varied over 
a Wide range from about 0.01 mg to about 100 mg per adult 
human per day. For oral administration, the compositions are 
preferably provided in the form of tablets containing 0.01, 
0.05, 0.1, 0.5, 1.0, 2.5, 5.0, 1.0, 15.0, 25.0 or 50.0 mg ofthe 
active ingredient for the symptomatic adjustment of the dos 
age to the patient to be treated. A unit dose typically contains 
from about 0.001 mg to about 50 mg of the active ingredient, 
preferably from about 1 mg to about 10 mg of active ingre 
dient. An effective amount of the drug is ordinarily supplied at 
a dosage level of from about 0.0001 mg/kg to about 25 mg/kg 
of body Weight per day. Preferably, the range is from about 
0.001 to 10 mg/kg of body Weight per day, and especially 
from about 0.001 mg/kg to 1 mg/kg of body Weight per day. 
[0269] Compounds according to the present invention may 
be used alone at appropriate dosages de?ned by routine test 
ing in order to obtain optimal pharmacological effect on a 
monoaminergic receptor, in particular the 5-HT2A seroton 
ergic receptor subtype, While minimiZing any potential toxic 
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or otherWise unWanted effects. In addition, co-administration 
or sequential administration of other agents that improve the 
effect of the compound may, in some cases, be desirable. 
[0270] The pharmacological properties and the selectivity 
of the compounds of this invention for speci?c serotonergic 
receptor subtypes may be demonstrated by a number of dif 
ferent assay methods using recombinant receptor subtypes, 
preferably of the human receptors if these are available, eg 
conventional second messenger or binding assays. A particu 
larly convenient functional assay system is the receptor selec 
tion and ampli?cation assay disclosed in Us. Pat. No. 5,707, 
798, Which describes a method of screening for bioactive 
compounds by utiliZing the ability of cells transfected With 
receptor DNA, e.g., coding for the different serotonergic sub 
types, to amplify in the presence of a ligand of the receptor. 
Cell ampli?cation is detected as increased levels of a marker 
also expressed by the cells. 
[0271] Methods of Preparation 
[0272] The compounds in accordance With the present 
invention may be synthesiZed by methods describedbeloW, or 
by modi?cation of these methods. Ways of modifying the 
methodology include, among others, temperature, solvent, 
reagents etc, and Will be obvious to those skilled in the art. 
[0273] For instance, compounds of the formula C may be 
synthesiZed from the corresponding ketone A by reductive 
amination utiliZing any primary amine. The reaction is con 
veniently carried out by stirring the reactants in an inert 
solvent such as methanol or ethanol containing acetic acid. As 
reducing agent NaBH4, NaCNBH3, BH3.pyridine or any 
related reagent may be used including solid-supported 
reagents. The reaction is typically carried out at room tem 
perature. The ketone A, as exempli?ed by the piperidone, may 
be chosen from a list of compounds corresponding to the 
Z-group listed in formula (I). The ketones can either be 
obtained commercially or synthesiZed by methodology dis 
closed in LoWe et al. J. Med. Chem. 37: 2831-40 (1994); 
Carroll et al. Med. Chem. 35:2184-91 (1992); or Rubiralta et 
al. PiperidineiStructure, Preparation, Reactivity and Syn 
theticApplications ofPiperidine and its Derivatives. (Studies 
in Organic Chemistry 43, Elsevier, Amsterdam, 1991). The 
protecting group P includes groups such as those described in 
T. W. Greene and P. G. M. Wuts, Protective Groups in 
Organic Chemistry, 3. Ed. John Wiley & Sons, 1999, and they 
should be chosen in such a Way, that they are stable to the 
reaction conditions applied and readily removed at a conve 
nient stage using methodology knoWn from the art. Typical 
protecting groups are N-Boc, N-CbZ, N-Bn. 
[0274] Alternatively, the amine C can be synthesiZed from 
the primary amine B by reductive amination With any alde 
hyde. The reaction is conveniently carried out by stirring the 
reactants in an inert solvent such as methanol or ethanol 

containing acetic acid. As reducing agent NaBH4, NaC 
NBH3, BH3.pyridine or any related reagent may be used 
including solid-supported reagents. The reaction is typically 
carried out at room temperature. The primary amine B, as 
exempli?ed by the 4-aminopiperidine, may be chosen from a 
list of compounds corresponding to the Z-groups listed in 
formula (I). The amines can either be obtained commercially 
or synthesiZed from the corresponding ketones. The protect 
ing group P may be chosen as stated above. 
[0275] Alternatively, the amine C can be synthesiZed from 
the primary amine B by alkylation With any alkylating agent 
(R-Ll). The leaving group L 1 is suitably a halogen atom, e. g., 
bromine or iodine, or a sulfonate, e.g. tosylate or mesylate, or 
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another leaving group favoring the reaction. The reaction is 
conveniently carried out by stirring the reagents under basic 
conditions in an inert solvent, e.g., diisopropylethylamine in 
acetonitrile, or KZCO3 in N,N-dimethylformamide. The reac 
tion is typically carried out at temperatures betWeen room 
temperature and 80° C. The primary amine B, as exempli?ed 
by the 4-aminopiperidine, may be chosen from a list of com 
pounds corresponding to the Z-groups listed in formula (I). 
The amines can either be obtained commercially or synthe 
siZed from the corresponding ketones. The protecting group P 
may be chosen as stated above. 

N N 
Reducing agent 

+ R—NH2 — 

O NH 
/ 

A R 

C 

N 
Reducing agent 

+ R*CHO — 

NHZ 
B 

Base 
B + R-Ll —> C 

[0276] Wherein R and R* are de?ned in agreement With 
formula (I), and P represents a suitable protecting group, and 
L1 represents a suitable leaving group. 

[0277] The secondary amine C may be acylated using any 
isocyanate or isothiocyanate (Q1-N:C:W) to give the cor 
responding ureas or thioureas D. The reaction is typically 
carried out by stirring the reactants, using an excess of isocy 
anate or isothiocyanate in an inert solvent, e.g., dichlo 
romethane at a temperature betWeen 0° C. and room tempera 
ture and under dry conditions. The amine C may also be 
acylated using any carboxylic acid halide (Q2COX), e.g., 
chloride, or carboxylic anhydride ((Q2C:O)2O) to give 
amides of the general structure B. The reaction is typically 
carried out using an excess of the acylating agent and a 
suitable base, e.g., triethylamine or diisopropylethylamine in 
an inert solvent, e.g., dichloromethane, at a temperature 
betWeen 0° C. and room temperature and under dry condi 
tions. As an alternative to the carboxylic acid halides and 
carboxylic acid anhydrides, the amine C may be acylated 
using a carboxylic acid (QZCOOH) and a suitable coupling 
reagent e.g. DCC or EDCI. The reaction is typically carried 
out using an excess of the acylating agent and the coupling 
reagent in an inert solvent, e.g., dichloromethane at a tem 
perature betWeen 0° C. and room temperature and under dry 
conditions. The compounds of the general structure (B) may 
be converted into the corresponding thioamides using meth 
odology disclosed in Varma et al., Org. Len. 1: 697-700 
(1999); Cherkasov et al. Tetrahedron 41:2567 (1985); or 
Scheibye et al, Bull. Soc. Chim. Belg. 87:229 (1978). 
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N 

N Q2 / M» R T 
o 

O E 

)k Q2 OH, Coupling reagent 

[0278] Wherein R, Q1, Q2, and W are de?ned in agreement 
With formula (I), P to represents a suitable protecting group, 
and X represents a halide. 
[0279] The substituent T on the ring nitrogen can be intro 
duced by a tWo step procedure. First, the protecting group on 
the urea D or the amide E is removed using, Well-known 
methods. For example, the N-Boc group is removed by treat 
ing the protected compound With 4 M HCl in dioxane or 
tri?uoroacetic acid in dichloromethane. Second, the second 
ary amines obtained from D and E can be alkylated by reduc 
tive amination using any aldehyde (T-CHO). The reaction is 
conveniently carried out by stirring the reactants in an inert 
solvent such as methanol or ethanol. As a reducing agent, 
solid-supported borohydride, NaBH4, NaCNBH3, BH3.pyri 
dine or any related reagent may be used, including solid 
supported reagents. The reaction is typically carried out at 
room temperature. 
[0280] Alternatively, the compounds F and G can be syn 
thesiZed from the secondary amine obtained from D or E as 
described above by alkylation With any alkylating agent 
(T-Ll). The leaving group L 1 is suitably a halogen atom, e. g., 
bromine or iodine, or a sulfonate, e.g., tosylate or mesylate, or 
another leaving group favoring the reaction. The reaction is 
conveniently carried out by stirring the reagents under basic 
conditions in an inert solvent, for example diisopropylethy 
lamine in acetonitrile, or KZCO3 in N,N-dimethylformamide. 
The reaction is typically carried out at temperatures betWeen 
room temperature and 80° C. 
[0281] Alternatively, the T-group can be introduced in the 
?rst step of the synthetic to sequence leading to the com 
pounds in accordance With the present invention by N-alky 
lation of compound H With any alkylating agent (T-Ll). The 
leaving group L l is suitably a halogen atom, e.g., bromine or 
iodine, or a sulfonate, e.g., tosylate or mesylate, or another 
leaving group favoring the reaction. The reaction is conve 
niently carried out by stirring the reagent under basic condi 
tions in an inert solvent, e.g., diisopropylethylamine in aceto 
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nitrile, or K2CO3 in N,N-dimethylformamide. The reaction is 
typically carried out at temperatures between room tempera 
ture and 800 C. The secondary amine H, as exempli?ed by 
4-piperidone, may be chosen from a list of compounds cor 
responding to the Z-groups listed in formula (I). The amines 
can either be obtained commercially or synthesized from 
methodology disclosed in LoWe et al., J. Med. Chem. 
37:2831-40 (1994); and Carroll et al., J. Med. Chem. 
35:2184-91 (1992). 
[0282] Alternatively, compounds of the general structure J 
may be synthesized starting from K using the method dis 
closed in: Kuehne et al., J. Org. Chem. 56:2701 (1991); and 
Kuehne et al., J Org. Chem. (1991), 56:513. 

1) Deprotection 
2) a: Reductive arnination (T*CHO) 

b: Alkylation (T-L 1) 
D or E 

l 
N N 

or 

g Q 2 
R \Ql R 

W W 
F G 

H 
N N 

T-Ll 
—> 

H J 

I. \+/ 
N 

T-NHZ 
—> 

K 

[0283] Wherein R, Q1, Q2, W, and T are de?ned in agree 
ment With formula (I), and L1 is a suitable leaving group. 
[0284] In general, during any of the processes for prepara 
tion of the compounds of the present invention, it may be 
necessary and/or desirable to protect sensitive or reactive 
groups on any of the molecules concerned. This may be 
achieved by means of conventional protecting groups, such as 
those described in Protective Groups in Organic Chemistry 
(ed. J. F. W. McOmie, Plenum Press, 1973); and Greene & 
Wuts, Protective Groups in Organic Synthesis, John Wiley & 
Sons, 1991. The protecting groups may be removed at a 
convenient subsequent stage using methods knoWn from the 
art. 

EXAMPLES 

[0285] The invention is disclosed in further detail in the 
folloWing examples that are not in any Way intended to limit 
the scope of the invention as claimed. 
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[0286] General LC-MS procedure for Examples 1-41: All 
spectra Were obtained using an HP1100 LC/MSD-instru 
ment. A setup With a binary pump, auto sampler, column oven, 
diode array detector, and electrospray ioniZation interface 
Was used. A reversed phase column (C18 Luna 3 mm particle 
siZe, 7.5 cm><4.6 mm ID) With a guard cartridge system Was 
used. The column Was maintained at a temperature of 300 C. 
The mobile phase Was acetonitrile/ 8 mM aqueous ammonium 
acetate. A 15 minute gradient program Was used, starting at 
70% acetonitrile, over 12 minutes to 95% acetonitrile, over 1 
minute back to 70% acetonitrile, Where it stayed for 2 min 
utes. The How rate Was 0.6 ml/min. The t, values reported in 
the speci?c examples beloW Were obtained using this proce 
dure. 

Example 1 

N-((4-Methylphenyl)methyl)-N-(piperidin-4-yl)-N' 
phenylmethylcarbamide (26HCH65) 

[0287] To a solution of commercially available tert-butyl 
4-oxo-1-piperidine carboxylate (1.75 g, 8.8 mmol) and 4-me 
thylbenZylamine (970 mg, 8.0 mmol) in methanol (7 ml) Was 
added acetic acid in methanol (1 M, 6.7 ml) folloWed by 
NaCNBH3 in methanol (0.3 M, 30 ml). The resulting solution 
Was stirred at room temperature. After 20 h, Water (5 ml) Was 
added, and the mixture Was stirred for 1 h before it Was 
concentrated. Flash chromatography in dichloromethane: 
methanol 10:1 gave tert-butyl 4-(4-methylphenyl)methyl) 
amino-piperidine carboxylate. Yield: 2.4 g, 98%. To a solu 
tion of tert-butyl 4-(4-methylphenyl)methyl)amino 
piperidine carboxylate (800 mg, 2.63 mmol) in dry 
dichloromethane (20 ml) Was added benZylisocyanate (0.65 
ml, 5.26 mmol). The solution Was stirred at room tempera 
ture. After 48 h, an excess of 2-dimethylaminoethylamine 
Was added. The mixture Was stirred for another 24 h, before it 
Was concentrated. The resulting solid Was redissolved in 
dichloromethane (20 ml), sequentially Washed With HCl (0.2 
N, 3><30 ml), and Water (20 ml), dried (Na2SO4), ?ltered and 
concentrated. Flash chromatography in dichloromethane: 
methanol 10:1 gave N-((4-methylphenyl)methyl)-N-(1-(tert 
butyloxycarbonyl)piperidin-4-yl)-N'-phenylmethylcarbam 
ide (760 mg, 66%), Which Was dissolved in diethyl ether (5 
ml). HCl (4 M) in dioxane (3 ml) Was added, and the solution 
Was stirred at room temperature for 60 min, then concen 
trated. The resulting oil Was redissolved in a mixture of 
dichloromethane and diethyl ether (4:1). The organic layer 
Was extracted With HCl (0.2 M, 3><20 ml). The combined 
aqueous layers Were treated With NaOH (0.2 M) until basic 
(pH>8), then extracted With dichloromethane (3 x20 ml). The 
combined organic layers Were dried (Na2SO4), ?ltered, and 
concentrated to give the title compound. Yield: 406 mg, 70%; 
13C-NMR (CDCl3): 6 21.3, 31.6, 45.0, 45.9, 46.4, 53.0, 126. 
3,127.2,127.4, 128.6, 129.8, 135.3, 137.4, 139.7, 158.5. 

Example 2 

N-((4 -Methylphenyl)methyl)-N-(1 -(2 -methylpropyl) 
piperidin-4-yl)-N'-phenylmethylcarbamide 

(26HCH66-02) 
[0288] The product from example 1 above (20 mg, 0.06 
mmol) Was dissolved in abs. ethanol (2 ml). 2-Methylpropi 
onaldehyde (0.08 ml, 0.6 mmol) Was added folloWed by solid 
supported borohydride (150 mg, 2.5 mmol/g resin; Aldrich 
32, 864-2). The mixture Was shaken at room temperature. 
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After 48 h, the resin Was ?ltered off and acetic anhydride 
(0.02 ml, 0.2 mmol) Was added to the organic solution. After 
24 h, the mixture Was concentrated and redissolved in metha 
nol (2 ml). The solution Was added on to a column carrying 
strongly acidic cation exchange resin (0.3 mmol/g resin), 
Which Was Washed With methanol (3><6 ml), and eluted With 
10% NH3 in methanol, and concentrated to give the title 
compound. IR: 1640, 1185, 1110 cm_l; LC-MS: (M+H)+ 
394.2, t, 5.60 min. 

Example 3 

N-(1 -((2-Bromophenyl)methyl)piperidin-4 -yl)-N 
((4 -methylphenyl)methyl)-N'-phenylmethylcarbam 

ide (26HCH66-03) 

[0289] The product from example 1 above (20 mg, 0.06 
mmol) Was dissolved in abs. ethanol (2 ml). 2-BromobenZal 
dehyde (0.07 ml, 0.6 mmol) Was added folloWed by solid 
supported borohydride (150 mg, 2.5 mmol/g resin; Aldrich 
32, 864-2). The mixture Was shaken at room temperature. 
After 48 h, the resin Was ?ltered off and acetic anhydride 
(0.02 ml, 0.2 mmol) Was added to the organic solution. After 
24 h, the mixture Was concentrated and redissolved in metha 
nol (2 ml). The solution Was added on to a column carrying 
strongly acidic cation exchange resin (0.3 mmol/g resin), 
Which Was Washed With methanol (3><6 ml), and eluted With 
10% NH3 in methanol, and concentrated to give the title 
compound. IR: 1635, 1180, 1110 cm_l; LC-MS: (M+H)+ 
506.1, t, 8.37 min. 

Example 4 

N-(1 -((4 -Hydroxy-3-methoxyphenyl)methyl)piperi 
din-4-yl)-N-((4-methylphenyl)methyl)-1'-phenylm 

ethylcarbamide (2 6HCH1 66-04) 

[0290] The product from example 1 above (20 mg, 0.06 
mmol) Was dissolved in abs. ethanol (2 ml). 4-Hydroxy-3 
methoxybenZaldehyde (91 mg, 0.6 mmol) Was added fol 
loWed by solid-supported borohydride (150 mg, 2.5 mmol/ g 
resin; Aldrich 32, 864-2). The mixture Was shaken at room 
temperature. After 48 h, the resin Was ?ltered off and acetic 
anhydride (0.02 ml, 0.2 mmol) Was added to the organic 
solution. After 24 h, the mixture Was concentrated and redis 
solved in methanol (2 ml). The solution Was added on to a 
column carrying strongly acidic cation exchange resin (0.3 
mmol/ g resin), Which Was Washed With methanol (3><6 ml), 
and eluted With 10% NH3 in methanol, and concentrated to 
give the title compound. l3C-NMR (CD3OD, selected): 6 
19.9, 55.4, 126.5, 127.0, 128.1, 129.0, 140.3, 148.0, 148.1, 
1 5 8. 8. 

Example 5 

N-(1 -((5 -Ethylthien-2 -yl)methyl)piperidin-4-yl) -N 
((4 -methylphenyl)methyl)-N' -phenylmethylcarb am 

ide (26HCH66-05) 

[0291] The product from example 1 above (20 mg, 0.06 
mmol) Was dissolved in abs. ethanol (2 ml). 5-Ethyl-2 
thiophencarboxaldehyde (84 mg, 0.6 mmol) Was added fol 
loWed by solid-supported borohydride (150 mg, 2.5 mmol/ g 
resin; Aldrich 32, 864-2). The mixture Was shaken at room 
temperature. After 48 h, the resin Was ?ltered off and acetic 
anhydride (0.02 ml, 0.2 mmol) Was added to the organic 
solution. After 24 h, the mixture Was concentrated and redis 
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solved in methanol (2 ml). The solution Was added on to a 
column carrying strongly acidic cation exchange resin (0.3 
mmol/ g resin), Which Was Washed With methanol (3><6 ml), 
and eluted With 10% NH3 in methanol, and concentrated to 
give the title compound. IR: 1640, 1185, 1110, 805, 700, 620 
cm“; LC-MS: (M+H)+ 462.3, t, 7.52 min. 

Example 6 

N-(1-(ImidaZol-2-ylmethyl)piperidin-4-yl)-N-((4 
methylphenyl)methyl)-N'-phenylmethylcarbamide 

(26HCH66-06) 
[0292] The product from example 1 above (20 mg, 0.06 
mmol) Was dissolved in abs. ethanol (2 ml). ImidaZole-2 
carboxaldehyde (58 mg, 0.6 mmol) Was added folloWed by 
solid-supported borohydride (150 mg, 2.5 mmol/ g resin; Ald 
rich 32, 864-2). The mixture Was shaken at room temperature. 
After 48 h, the resin Was ?ltered off and acetic anhydride 
(0.02 ml, 0.2 mmol) Was added to the organic solution. After 
24 h, the mixture Was concentrated and redissolved in metha 
nol (2 ml). The solution Was added on to a column carrying 
strongly acidic cation exchange resin (0.3 mmol/g resin), 
Which Was Washed With methanol (3><6 ml), and eluted With 
10% NH3 in methanol, and concentrated to give the title 
compound. IR: 1620, 1190, 1106, 805, 700, 620 cm_l; LC 
MS: (M+H)+ 418.2, t, 2.05 min. 

Example 7 

N-(l -(Cyclohexylmethyl)piperidin-4 -yl)-N-((4 -me 
thylphenyl)methyl)-N'-phenylmethylcarbamide 

(26HCH66-09) 
[0293] The product from example 1 above (20 mg, 0.06 
mmol) Was dissolved in abs. ethanol (2 ml). Cyclohexanecar 
boxaldehyde (67 mg, 0.6 mmol) Was added folloWed by solid 
supported borohydride (150 mg, 2.5 mmol/g resin; Aldrich 
32, 864-2). The mixture Was shaken at room temperature. 
After 48 h, the resin Was ?ltered off and acetic anhydride 
(0.02 ml, 0.2 mmol) Was added to the organic solution. After 
24 h, the mixture Was concentrated and redissolved in metha 
nol (2 ml). The solution Was added on to a column carrying 
strongly acidic cation exchange resin (0.3 mmol/g resin), 
Which Was Washed With methanol (3><6 ml), and eluted With 
10% NH3 in methanol, and concentrated to give the title 
compound. IR: 1635, 1175, 1100, 805, 695, 620 cm_l; LC 
MS: (M+H)+ 434.4, t, 7.44 min. 

Example 8 

N-(1-((4-Fluorophenyl)methyl)piperidin-4-yl)-N-((4 
methylphenyl)methyl)-N'-phenylmethylcarbamide 

(26HCH66-10) 
[0294] The product from example 1 above (20 mg, 0.06 
mmol) Was dissolved in abs. ethanol (2 ml). 4-FluorobenZal 
dehyde (0.08 ml, 0.6 mmol) Was added folloWed by solid 
supported-borohydride (150 mg, 2.5 mmol/g resin; Aldrich 
32, 864-2). The mixture Was shaken at room temperature. 
After 48 h, the resin Was ?ltered off and acetic anhydride 
(0.02 ml, 0.2 mmol) Was added to the organic solution. After 
24 h, the mixture Was concentrated and redissolved in metha 
nol (2 ml). The solution Was added on to a column carrying 
strongly acidic cation exchange resin (0.3 mmol/g resin), 
Which Was Washed With methanol (3><6 ml), and eluted With 
10% NH3 in methanol, and concentrated to give the title 






































































