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Abstract

Nociceptin/orphanin FQ (N/OFQ) and N/OFQ peptid®©O® receptor are expressed and distributed
in various regions such as central nervous sys@NS], peripheral nervous system, immune system,
and peripheral tissues. NJOFQ and NOP receptor frapertant roles on a variety of physiological,
pathophysiological, regulatory, and dysregulatogchanisms in the living body. Both activation and

blockade of NOP receptor function have displayadiadl potential of NOP receptor agonists and



antagonists for the treatment of various diseasgsmthophysiological conditions, respectively. Pote
and selective NOP receptor agonists/antagonistsase useful tools to investigate the various
mechanisms mediated by NOP receptor-N/OFQ systes.th& present study, a series of (4-
arylpiperidine substituted-methyl)-[bicyclic (het¢cycloalkanobenzene] analogs was designed,
synthesized, and biologically evaluatéd vitro to seek and identify potent and selective, small-
molecules of nonpeptide NOP receptor antagoniskschwresulted in the discovery of novel potent
small-moleculel5 with high human NOP receptor selectivity over harpareceptor. The structure—
activity relationship (SAR) of the potency and sélety, structure—metabolic stability relationship
(SMR), and SAR of hERG (humaather-a-go-gorelated gene) potassium ion channel binding affini
for the analogs in the present studiewitro provided or suggested significant and/or usefulcstiral
determinants and insights for the respective p@wgo3he superior profiles of compouidd are
discussed with a viewpoint of multisite interacgdrmetween ligand and NOP receptor, together wih th

results of previous NOP receptor agonist/antagstusties.

Keywords Nociceptin/Orphanin FQ (N/OFQ) Human NOP (ORL1) receptor selective antagonist
Multisite interactions with NOP receptoMetabolic stability- HERG potassium ion channel binding

Prolong QT interval issues.

Abbreviations. GPCR, G-protein-coupled receptor; N/OFQ, nocicgptphanin FQ; NOP receptor,
N/OFQ peptide receptor [or opioid-receptor-like-@RL1) receptor]; hNOP receptor, human NOP
receptor; I°S]GTRS, [°S]guanosine '&y-thiotriphosphate); SAR, structure—activity relaship; SMR,
structure—metabolic stability relationship; HPCOJL[4-(2-{hexahydropyrrolo[3,4e]pyrrol-2(1H)-yl}-
1H-benzimidazol-1-yl)piperidin-1-yllcyclooctyl}methatt MCOPPB, 1-[1-(1-methylcyclooctyl)-4-
piperidinyl]-2-[(3R)-3-piperidinyl]-1H-benzimidazole; HEK, human embryonic kidney; CHGir@se
hamster ovary; HLM, human liver microsome; hERGpnlanether-a-go-garelated gene; WSCI, water
soluble carbodiimide, that is, 1-ethyl-3-(3-dimd#mginopropyl)carbodiimide hydrochloride; HOBT, 1-
hydroxybenzotriazole; LAH, lithium aluminum hydriddBD, hydrogen bond donor.

1. Introduction



Nociceptin [1a]/orphanin FQ [1b] (N/OFQ), that isngetabolite of precursor polypeptide (prepro-
N/OFQ), has seventeen amino acid sequence. N/ORQ endogenous ligand of N/OFQ peptide (NOP)
receptor [or opioid-receptor-like-1 (ORL1) receptdOP receptor has seven transmembrane domains
in its structures, and belongs to heterotrimericP&inding protein (G-protein)-coupled receptors
(GPCRs) [1c—e]. N/OFQ and NOP receptor are widelyressed and distributed, especially, in the
central nervous system (CNS), peripheral nervostersy (PNS), immune system, and peripheral tissues,
such as brain, spinal cord, peripheral sensory lgamgurons, lymphocytes, monocytes, and smooth
muscles. NOP receptor activation by N/OFQ inducsgs irthibition of cyclic adenosine-%'-
monophosphate (CAMP) accumulation and of'‘@hannel currents, (i) enhance of ghannel currents,

(iii) regulation or attenuation of concentratiowdés of various signal messengers or neurotransmitt
such as tachykinins, noradrenaline, 5-hydroxytriptee, dopamine, and proinflammatory cytokines, (iv)
suppression of excitatory synaptic transmissionseafrons, (v) activation of mitogen-activated pirote
kinases (MAPKSs) and of nuclear factB (NF«B), and (vi) modulation of immune functions and of
transcriptional activations. The biological respemare dependent on the regions, sites, tissusensy,
and physiological conditions, respectively. Hend&P receptor-N/OFQ system has key roles in a
variety of physiological signal-transduction patlywand behavioral functions in the living body [1la—
e,2a—q] (for detailed roles of NOP receptor—N/OF®tean, see also refs. [3—7] and cited references
therein). Notably, the expression/distribution levef (i) NOP receptor, its messenger RNA (mRNA),
and splice variants of the receptor, and of (iggwo-N/OFQ, N/OFQ, and other metabolites of prepro-
N/OFQ are widely varied dependent on (patho)phgsichl or disease conditions, and are dependent on
the regions, sites, tissues, and systems of the wdanimal models or in humans [2c,8|-0].
Furthermore, N/JOFQ is metabolically converted iitactive or variously-bioactive shorter-fragments
by (i) the corresponding processing-enzymes suchegsidases or (ii) further processing/truncation,
dependent on the regions/sites/tissues of the 2al3,5,9-14] (see also further discussion in refs.

[3.5]).



Significantly, both activation and inhibition of NFlOreceptor function have displayed clinical potnti
of NOP receptor agonists and antagonists, resgdgti2a,b,e]. Thus, utilization of NOP receptor
activation is an attractive target for the treatmeh neuropathic pain, anxiety disorders, and other
diseases (see refs. [3-5] and cited referencegitheBlockade against N/OFQ-induced biological
function of NOP receptor is an attractive target fbe treatment of depressive disorders [15],
hyperphagia or hyperphagic obesity [16,17], andolstpsion [18]. NOP receptor is distinct from the
receptors of classical opioid peptides, although rikceptors share high structural and genetic-godin
similarites. NOP  receptor—-N/OFQ binding stimulafé®]guanosine 'S(y-thiotriphosphate)
([**S]GTRS) binding response in the spinal cord of roderds mot affected by antagonists of classical
opioid receptors or of other various GPCRs; but[fAi8]GTR/S binding response was inhibited by a
NOP receptor antagonist [19a]. The N/OFQ inducdubition of cAMP accumulation was not affected
by classical opioid receptor antagonists or agsmistitro [1b]. Besides, classical opioid drugs have
been broadly prescribed with careful restrictioncontrol in the medical practices, owing to claakic
opioid receptor-derived serious adverse effectsh @as respiratory restriction and sedation [19b—d].
Therefore, in drug-discovery studies of NOP recepigonists/antagonists toward clinical drugs, the
assessments of their NOP receptor selectivitievemgimportant, especially againstreceptor [oru-
opioid peptide (MOP) receptor], to avoid the adeezfects.

Taken together, potent, selective, and metabojictiible NOP receptor agonists and antagonists are
important to investigate their (potential) clinicatilities. The compounds are also useful tools to
scrutinize a variety of (patho)physiological, regoly, and disease mechanisms mediated by the
receptor and metabolically unstable N/OFQ, with feomng/verifying intrinsic activity of the
endogenous ligand in the mechanisms. In fact, designthesis, structure—activity relationship (SAR)
and structure-metabolic stabilityrelationship (SMR) of distinctive nonpeptide NORaptor agonists
and antagonists have been investigated, respegtilogl Hayashi et al. [3—7]. The agonist studies
resulted in the discovery of NOP receptor full agts {1-[4-(2-{hexahydropyrrolo[3,4]pyrrol-2(1H)-

yl}-1 H-benzimidazol-1-yl)piperidin-1-yl]cyclooctyl}methah (HPCOM) as a peripheral and/or spinal
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cord-selective, systemically potent analgesic for treatment of neuropathic pain [3] and 1-[1-(1-
methylcyclooctyl)-4-piperidinyl]-2-[(®)-3-piperidinyl]-1H-benzimidazole (MCOPPB) as a brain
selective, orally potent anxiolytic [4,5], with pective unique and significant profil@s vitro andin
vivo. The antagonist studies resulted in the discowérgeveral significant and characteristic NOP
receptor antagonist® vitro [6,7]. Alternatively, various types of chemicaltiies of NOP receptor
antagonists are useful or helpful to explore furtby@portunity/potentiality. Moreover, different aew
types of ligands might be helpful to light on difat or new aspects of interaction mechanisms legtwe
NOP receptor and agonists/antagonists. Particulanhall-size ligands might be useful tools to searc
for functionally/transductionally indispensableeardction point/region/residue of NOP receptor prote
[7].

Hence, we explored small molecules of further chigpes that were distinctive from the analogs of
the previous reports. Thus, design, synthesis, $8R,SMR of a series of (4-arylpiperidine substitiit
methyl)-[bicyclic (hetero)cycloalkanobenzene] agglavere investigatesh vitro in order to seek and
identify potent, selective, and metabolically séablovel nonpeptide NOP receptor antagonists. Desig
and SAR of the analogs for reducing hERG (hurethrer-a-go-garelated gene) potassium ion channel
binding affinity were also investigatei vitro as a safe-drug study. Through the studies, key or
significant factors and molecular bases for gettingmproving desired characteristics of the anslog
were investigated in fundamental and practical pewts for the present and further studies. Herein,
the unique and significant results and findings described and discussed, together with the restilts

the previous NOP receptor antagonist and agomidiest.

2. Results and Discussion

2.1. Chemistry



Various types of (4-arylpiperidine substituted-nydttfbicyclic (hetero)cycloalkanobenzene] analogs
were prepared for the present design, SAR, and Sid#es.

First, as depicted in Scheme 1, tetrahydroisoqiniaob was synthesized. Thus, 4-(4-fluoro-2-
methylphenyl)piperidinel was prepared [6] then reacted with t@Hbutoxycarbonyl)-1,2,3,4-
tetrahydroisoquinoline-3-carboxylic aci@2l [4,20]. TheN-Boc portion of the resulting amide was
deprotected by acidic condition to afford compodnd@he carboxamide was subsequently reduced with
lithium aluminum hydride (LAH) [7] to afford the deed producb, exclusively.

As depicted in Scheme 2, 5-chloro-tetrahydroisogjinin8-ol 15 was synthesized. Thus, diethyl
acetamidomalonaté and O-silylated 3-(bromomethyl)-4-chlorophendl[21] were coupled using NaH
to afford compound followed by treatment of concentrated HCI in acetaid to give 2-chloro-5-
hydroxyphenylalanined. Pictet—Spengler tetrahydroisoquinoline synthegss then performed with
formaldehyde to afford compountD [22]. The secondary-amine wad$-Boc protected to afford
compound1l. The product was contained a by-prodde that would plausibly beN,O-di-Boc
derivative of compoundll, that is, 24ert-butoxycarbonyl)-8tert-butoxycarbonyloxy)-5-chloro-
1,2,3,4-tetrahydroisoquinoline-3-carboxylic acidindfly, compounds1l and 11 were exclusively
transformed into the requisite product by sequérgiactions, that is, amidation to afford compousd
N-deprotection to afford compourd, and borane reduction to afford compouhd

Other tetrahydroisoquinolinds and19 were prepared in a similar manner for the aboveh&gis of
compounds4 and 5, respectively. Thus, after spiro[indane-Ipiperidine] 16 and compoun® were
coupled, the resulting compoudd wasN-deprotected by acidic condition to afford compod8dThe
carboxamide was reduced with LAH to afford compodf@dModifications around cycloamino moiety
within the tetrahydroisoquinoline skeleton of compd19 were also carried out. Thus;Me derivative
20 was synthesized from compouthd by simultaneous LAH reductions of theBoc portion [4] and of
the linker carbonylportion. N-Me-1-oxo derivative2l was synthesized by KMnQoxidation [23] of
compound20. N-Ac derivative 22 was synthesized by acetylation of compoutl (Scheme 3).

Furthermore, various modifications on the phenyligtyowithin the tetrahydroisoquinoline skeleton
6



were performed. 5-Chloro-8-hydroxy derivati®@ was prepared from compouniis and11 by way of
amidation,N-deprotection, and borane reduction in the samefafathe above synthesis of compound
15 (Scheme 4). Using the same manner, 5-bromo-8-hyddexivative 25 was obtained from the
corresponding-bromo-8-hydroxy-1,2,3,4-tetrahydroisoquinolinegboxylic acid?4 [22] (Scheme 4).
5-Bromo-8-hydroxy derivativ®?5 was N-Boc protected to prevent low conversion in thdofelng
reaction; then hydrogenolysis of the 5-bromo grewgs performed similar to a synthesis oNdoc
des-bromo-tetrahydroisoquinoline derivative [22heTresulting compoun@6 was N-deprotected to
afford 8-hydroxy derivative 27. N-Boc compound?29, that was prepared from 6-hydroxy-1,2,3,4-
tetrahydroisoquinoline-3-carboxylic aci#8 [24], was converted into the corresponding 6-hygro
derivative30 in the same way for the synthesis of compolm@Scheme 5).

On the other hand, chromaB®& was prepared from compoud@ and chromane-3-carboxylic acdd
in a similar manner for the synthesis of compoingScheme 6). Tetrahydronaphthaled® was
preparedfrom compoundl6 and 1,2,3,4-tetrahydronaphthalene-2-carboxylid &3 in high-speed
parallel synthesis of 'Asubstituted methyl)-spiro[indane-Lgiperidine] derivatives36. As the
synthesis, compoundlé was coupled with carboxylic acid by way of carboxylic acid activation
using polymer supported carbodiimide. The resultamgides35 were reduced with LAH to afford

compounds6 (Scheme 7, further data not shown).

2.2. Design and SAR studies of NOP receptor antagonistsin vitro

The design, synthesis, and SAR of the present ygiperidine substituted-methyl)-[bicyclic
(hetero)cycloalkanobenzene] analogs were investigatvitro in order to seek and identify potent and
selective, novel small molecules of human NOP (hIN@®eptor antagonists, which was the primary
purpose of this study. Notably, the design studyg alao performed with pharmacokinetic studyitro
and hERG binding study vitro for the analogs in multiviewpoint strategies (kder sections). Thim

vitro biological assays were performed with the desdribeethods in the previous reports [6,7,25].
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Briefly, the binding affinities ; values) of the synthetic analogs to hNOP recewtrne measured by
displacement of tritium-labeled N/OFQ for the redmnant hNOP receptor expressed in human
embryonic kidney (HEK)-293 cells. For the evaluatiof thein vitro binding selectivities for NOP
receptor ovep receptor, the binding affinities of the analog$tomanu receptor expressed in Chinese
hamster ovary (CHO)-K1 cells were measured by dimghent of radiolabeled ligandH][DAMGO.
The hNOP receptor antagonist activities of the @ggmwere evaluated as inhibitory activities against
functional activity of hNOP receptor in responseN®FQ binding. Thus, the activities g&€values)
were determined against$]GTR/S binding toa-unit of G-protein stimulated by hNOP receptor—

N/OFQ binding in HEK-293 cells. Tha vitro SAR of the analogs is summarized in Table 1.

In the previous studies [6,7], effective structusalits to get potent and selective hNOP receptor
antagonists were designed, and the respectivefisaymti features were illustrated in Scheme 8. For
example, 4-(4-fluoro-2-methylphenyl)piperidine unitas established as a preferalfdesubstituent
portion of 1-B-amino substitute@-alanyl)N,N-dimethylindoline-2-carboxamide analogs for potency
and selectivity; especially attributed to the 4eflo and 2-methyl substituents of the unit for coomub
39 (1-{3-[4-(4-fluoro-2-methylphenyl)piperidin-1-yljmpanoyl}N,N-dimethylindoline-2-carboxamide)
[6]. As another structural feature of the compoumdy amido-portions and one bicyclo-portion of the
N,N-dimethylindoline-2-carboxamide unit restrict théaoges of conformation/orientation of the
portions, whereas the whole structure of the mdée@isome-extent large and intricate. By contrast,
compounds40, thus, 1-(aza-alicyclic or carbo-alicyclic group subst#dtpropyl)-4-arylpiperidine
analogs have smaller and simpler structures thaxpoand39; and effectiveness of the monocyclic unit
at C-3 position of the three-methylene linker oa #nylpiperidine unit for potency and selectivitens
displayed in comparison with various 1-§bstituted propyl)-4-arylpiperidine derivatived.[As an
imaginary ring-closure way that is illustrated tmmpound39', one methylene can be inserted between
C-2 position of the linker portion on the piperidinng andortho-position of the phenyl ring. In this

case, it is interesting that the nitrogen atomha piperidine ring and thertho-carbon atom of the
8



phenyl ringare connected with four single-bonds, similar te thur single-bonds of the linker portion
between the piperidine ring and the monocyclic ohitompoundl0. On the basis of the above results
and consideration, (i) combination of 4-(4-fluora¥ethylphenyl)piperidine unit and cyclic unit by
connecting with four single-bonds and (ii) restdnt of location/orientation of the cyclic unit bing
closure between the unit and the linker portiochsas a tetrahydroisoquinoline ring, were expetbed
be a promising or attractive design concept of mogad selective, small-molecules of NOP receptor
antagonists. In fact, newly designed compoutidghat is, 3-{[4-(4-fluoro-2-methylphenyl)piperidit+
yllmethyl}-tetrahydroisoquinoline analog®exhibited superior characteristics as small moksul
Tetrahydroisoquinoline analdgand 5-chloro-tetrahydroisoquinolin-8-ol analtgdemonstrated potent
hNOP receptor binding affinitie&(= 3.56 nM and 3.03 nM), high hNOP receptor bindetectivities
against humam receptor (96.1-fold and greater than 143-foldd aotent hNOP receptor antagonist
activities (IGo = 58.8 nM and 28.7 nM), respectively. Significgnttompared with 4-arylpiperidine
portion of tetrahydroisoquinoline analogs, the Ibagd selectivities of 4-(4-fluoro-2-
methylphenyl)piperidine analogé and 15 were much higher than that of the corresponding
spiro[indane-1,4piperidine] analog49 and23, respectively. Notably, in comparison with unsitbhstd
tetrahydroisoquinoline analogs, compour8dexhibited 3.63-fold drop in binding selectivitychd.22-
fold decrease in antagonist activity than thatavhpounds, respectively.

With respect to the linkage part between 4-arylpgiee portion and tetrahydroisoquinoline portion,
replacement of the methylene linker of compod@dy carbonyl group, thus, amide analtfy led to
loss of binding affinity (see later discussion).

SAR study of benzo-fused bicyclo portion using sjpirdane-1,4piperidine] template gave further
significant results.

Modifications on nitrogen atom of tetrahydroisodline ring, even by small group, led to less potent
binding affinities and lower binding selectivitieslative to compound9. The rank of the orders of
binding affinities and binding selectivities waated to the size/volume of this portion, thiNid analog

19 > N-Me analog20 > N-Ac analog22, respectively.N-Me-1-oxo (lactam) analo@l lost hNOP
9



receptor binding affinity and retained weak hunpareceptor binding affinityN-Acetamide analog of
compound19, that is, 2-[3-{(spiro[indane-1,piperidin]-1-yl)methyl}-3,4-dihydroisoquinolin-2(H)-
yllacetamide (not shown), led to inferior profilas well, that isK; = 18.1 nM for hNOP receptoK; =
108 nM for humanu receptor, and 5.97-fold hNOP receptor binding delgy against humaru
receptor. Substituent effects on the aryl moietyinithe bicyclo portion, with the various modifizmn
patterns (functional group, position, and/or numidfesubstituent), highly influenced antagonist pest
For example, relative to compouriz8, tetrahydroisoquinolin-8-ol analod7 showed comparative
binding affinity and higher binding selectivity, tless potent antagonist activity. Exchanging 8rbysl
group @7) by 6-hydroxy group30) gave much less potent binding affinity, highemding selectivity,
and much less antagonist activity, which indicategioselective effects of phenolic hydroxy group fo
the profiles.

Furthermore, replacement of the azacyclic moietthiwi the tetrahydroisoquinoline ring by other
(hetero) alicyclic moiety was investigated to expl&AR. Exchanging by oxacyclic moiety, chromane
analog 33 exhibited potent binding affinitykf{ = 5.65 nM) with potent antagonist activity as an
unsubstituted bicyclic analog, although its bindingelectivity was reduced relative to
tetrahydroisoquinoline analo@9. Relative to oxacyclic analo83, carbocyclic analog38 showed
comparative binding affinity and improved hNOP mgoe binding selectivity (52.1-fold), but much
reduced antagonist activity @6= 683 nM).

As presented in the SAR studies around (heteroydic moiety including the modifications around
azacyclic moiety of tetrahydroisoquinoline ring Buas compound$9-22, the characters of the moiety,
that is, atom species, functional group, basigtgric hindrance, and modification pattern/mode, ar
crucial for increasing or decreasing of bindingrafies, binding selectivities, and antagonist \étigs.

In the previous study for comparison of substitogioon 1-propyl portion of spiro[indane-14
piperidine] analogs [7] (see also compourtfls Scheme 8), '4(3-phenylpropyl)-spiro[indane-1;4
piperidine] was a poor analog relative tb[3-(unsubstituted aza-alicyclic or carbo-alicycticoup)

substituted-propyl]-spiro[indane-1;diperidine] analogs. Significantly, the profilesf ahe 3-
1C



phenylpropyl analog were also inferior to thatlod present tetrahydroisoquinoline anal8gchromane
analog33, and tetrahydronaphthalene anaB®jthat have the sam&piro[indane-1,4piperidine] unit.
Indeed, the 3-phenylpropyl analog showed low hN®&eptor binding affinity K; = 23.0 nM), low
hNOP receptor selectivity against humareceptor (3.0-fold), and very weak hNOP recepiiagonist
activity (ICso = 2,087 nM). The preference of the bicyclic analoger the 3-phenylpropyl analog would
be due to or contributed by restriction/rigidityest of the location and orientation for the argisety as

a part of bicyclo portion, and/or size/volume effetthe (hetero) alicyclic moiety.

As an additional exploratory study of the bicyclorgon, 1-[benzo-fused (hetero) aryllmethyl-
spiro[indane-1,4piperidine] derivatives were investigated. As aufe the inhibitory activities of the
analogs to hNOP receptor at 100 nM were 56% fefgdinolin-3-ylmethyl) analog, 13% for'-1
[(naphthalen-2-yl)methyl] analog, 66% for'-[{1H-indol-3-yl)methyl] analog, and 9% for '-1
[(benzofuran-2-yl)methyl] analog, respectively ther data not shown). Their weak or very weak hNOP
receptor binding affinities would indicate disadisge of highreelectron densities of their (hetero) aryl

moieties relative to the benzo-fused (hetero) alicyanalogs.

It is significant to consider molecular bases fatidct pharmacological activities between agonists
and antagonists of NOP receptor.

In the previousn vitro SAR studies, (i) there were first-order correlatiof the levels of functional
activities (EGo values for °SJGTR/S binding-induction) to that of respective bindiafiinities (K;
values) for hNOP receptor full agonists, MCOPPB &sdlerivatives; whereas MCOPPB showed more
potent efficacy than N/OFQ, thug,ax (efficacy) value of MCOPPB was 140% of maximalp@sse of
N/OFQ [4]. (i) There were first-order correlation$ the levels of inhibitory activities (Kg values)
against N/OFQ-stimulatedB]GTR/S binding to that of respective binding affinitiéé values) for
hNOP receptor antagonists, compouil and its derivatives, or representative derivativds
compounds 40, respectively [6,7]. Consequently, it was indicatéhat the respective primary

mechanisms of (i) the G-protein activation respensg the agonists and of (ii) the inhibitions by th
11



antagonists against the N/OFQ-induced biologicapoese are due to the bindings of the respective
ligands to NOP receptor. The distinctive biologiczdponses, that is, activation and inhibitiwea NOP
receptor binding of the respective ligands commftbeir differential interaction-patterns/-modesiragv
to the respective whole and local structural feeguof the ligands. Indeed, through the present and
previous studies of potent and selective NOP recepgonists/antagonists [3,4,6,7], their structural
features of size, shape, and conformational flégghigidity, functional group, and electronic ataater
have been crucial for their binding affinities,esglvities, and biological activities, respectively

As studies for the endogenous ligand, it has beported that the binding regions of NOP receptor
protein for N/OFQ are in the second extracelluzopl domain [26—-29] and in the transmembrane
domain [26,30,31]. The binding site in the transrheme domain works for NOP receptor activation by
N/OFQ, which are affected by mutation of amino a@didues of the protein. For example, Asp110,
GIn107, Asp130, Tyrl31l, GIn280, Asnl33, and GIn2@&e functionally indispensable to exhibit
N/OFQ binding induced-biological response of theepgor [30-32]. As well, replacement studies for
amino acid residues of N/OFQ have revealed varsites of the heptadecapeptide are required for both
binding and activation of NOP receptor or eithethem. For example, the residues located at pasitio
1-8, 12, 14, and 17 were important for the recepictivation [33,34]. Besides, it was strongly
suggested that binding mode of a peptide NOP recegpitagonist was different from that of N/OFQ;
and the binding site for the antagonist would bereth in part but not be shared in the other path®f
binding site for N/OFQ [29].

The requirements of the effective multisite-intéi@ts between N/OFQ and NOP receptor in
orthosteric binding site for potent and selectiireding and function are in line with the facts tpatent
and selective, binding affinities and functionatiates of synthetic NOP receptor agonists such as
HPCOM and MCOPPB were derived from their multisitearacteristic portions as described in the
SAR studies [3,4]. On the contrary, to block N/OFQuced signal transduction of NOP receptor,

distinctive structural features of NOP receptoragnhists are significant in the orthosteric bindsig
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in order to physically or functionally mask or irfexe with the crucial points/regions involved imet
activation of the protein.

For elucidating or understanding detailed molecuf@chanisms, the effective or crucial structural
determinants of potencies, selectivities, and #@ess for the present analogs would be important.
Particularly, the SAR of the present small molesitgaows various triggers to set off the antagonism,
including some discrepancies for potency relatigpsbetween the binding affinities and the antagjoni
activities dependent on their structures. Inde@dre{ative to the potent antagonist activity o{4-
fluoro-2-methylphenyl)piperidine analod, the activity of the corresponding spiro[indand-1,
piperidine] analogl9 was much decreased. By conversion of its tetralgdgquinoline portion into
other benzo-fused (hetero) alicyclic portions, ks antagonist activity of compoudd was some-
degree improved but not enough to reach the levebmpound5 in the case of compouri2B, and
rather weakened in the case of compow&l although the binding potencies were some-degree
improved in the both cases. These results indicgttetg contribution of the character of 4-(4-floi-
methylphenyl)piperidine as 4-arylpiperidine portifor the potent antagonist activity of compousid
(i) Compared with compoun@ (or compoundl9), compoundl5 (or compound?3) exhibited much
increased antagonist activity, relative to the geaof binding affinities between them, indicatingag
contribution of chloro group and hydroxy group, ttla@ae appropriately located on the aryl moiety of
tetrahydroisoquinoline portion, for the activityii)(The presence/absence and the nature of (Hetero
alicyclic moiety within the bicyclo portion can lgeared to evoke or lose antagonist activity, intamd
to the restriction/rigidity effect of location amdientation for the aryl ring moiety within bicycfmortion
as mentioned. As supporting SAR information of otkgnthetic NOP receptor antagonists in the
previous studies (see also Scheme 8), (i) the mindiffinities and the antagonist activities of the
derivatives ofN,N-dimethylindoline-2-carboxamide anal@®9 were dependent on various structural
features of respective 4-phenylpiperidine portigdfs (i) The affinities and the activities of thé
arylpiperidine analogd0 were dependent on various structural features sge@ive cyclic groups at

propyl portion [7]. (iii) Discrepancies between tlp@tencies of binding affinities and antagonist
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activities have been found for some types of compseu The discrepancies in the present and the
previous studies might be dependent on whethelighad binding-induced physically or functionally
masking or interfering with functionally importapoints/regions of the receptor protein were effalctu
or not [6,7].

Recently, an independent study with X-ray crystatiphy for complex of NOP receptor and an
antagonist C-24  (1-benziN-{3-[spiroisobenzofuran-13),4'-piperidin-1-yl]propyl}pyrrolidine-2-
carboxamide) was reported [32]. In the study, theling site of the ligand was deep within seven-
transmembrane helical core of the receptor; thegpobenzofuran-1,4iperidine] portion was buried
in a hydrophobic cavity; and the isobenzofuran grewas interposed between Met134 and Tyrl31.
Furthermore, the protonated nitrogen of piperiding of the ligand formed a salt bridge with Asp130
that is an important point required for both N/JOBQd NOP receptor antagonists [32]. The present
antagonists, compoundsand 15 (as well as compoundE and 23) might share similar orthosteric
binding sites in the transmembrane core owing tmesatructural similarities of the arylpiperidine
portions between the present compounds and thedjgdthough the other portions are quite different
Assuming that the arylpiperidine portions as respecscaffolds for the present analogs and thentiga
bind at almost the same site within the bindingked@nd have similar interaction modes (locatiod an
orientation), one of pharmacophore profiles of pnesent analogs might also be explicable. Thus, the
protonatable nitrogen of the piperidine ring of teepective present analogs might work for anclgorin
salt bridge with Asp130 as a critical interactisimilar to the above manner. Notably, compougd
that is amide analog of the pyridine ring did nbbw the binding affinity, which might explain
indispensability of the protonatable amino-moietythee present analogs for their interactions wité t
receptor protein, as well.

Taken together, as significant findings of the prestudies, (i) the newly designed compotfdvas
discovered as a novel small-molecule nonpeptide PM€xeptor antagonist that demonstrated highly
potent hNOP receptor binding affinity, high hNOReaptor binding selectivity against humameceptor,

and highly potent hNOP receptor antagonist actiwityitro. (ii) The whole and multisite structural or
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chemical characters such as size, shape, voluexhifity/rigidity, atom species, functional grouand
electronic state of the present small-molecule agsalwere significant or crucial to determine their
profilesin vitro, which would be associated with the multisite iat¢ions of the ligands to the receptor.
Especially, the characteristic portions were indiggable for compound5 to be a superior small-
molecule hNOP receptor antagonist, respectivelg Jignificant results, information, and the present
analogyer sewould be useful to conduct further NOP receptdagonist studies and might be helpful
to elucidate dynamic mechanisms of a variety ofdgigal effects mediated by NOP receptor—ligand
system, together with the results and the sigmfianalogsper seof the previous studies for the

distinctive series of hNOP receptor agonists [3&] antagonists [6,7].

2.3. Design and SMR studies of metabolic stability in vitro

Alternatively, the design and SMR of the preserdlegs were investigated aspharmacokinetic
studyin vitro. The half-lives of the compounds were evaluatetduman liver microsome (HLM). The
in vitro SMR of the analogs is shown in Table 2.

Significantly, the above 4-(4-fluoro-2-methylpheypyperidine unit was designed in the previous
detailed SAR and SMR investigations with multiviewpg and integrated drug-design strategyNigx-
dimethylindoline-2-carboxamide analogs [6], expegtio get compatibility of potent and selective
hNOP receptor antagonist activity and metabolibibtg Owing to a successful result in the stuthg
unit was also thought to be effectual for the pmésestudy. Indeed, 4-(4-fluoro-2-
methylphenyl)piperidine analogs of the tetrahydsqgisnoline derivatives were investigated. As a
significant result, 5-chloro-tetrahydroisoquinoBml analogl5 was more metabolically stable (21.6
min) than tetrahydroisoquinoline analdg When the arylpiperidine portion was substitutegd b
spiro[indane-1,4piperidine], 5-chloro-tetrahydroisoquinolin-8-&3 was also more stable than the
corresponding tetrahydroisoquinoline analty As well, SMR study around tetrahydroisoquinoline

portion of 1-[(tetrahydroisoquinolin-3-yl)methyl]-spiro[indark4-piperidine] analogs was investigated.
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Relative to 5-chloro-tetrahydroisoquinolin-8-ol &wa 23, tetrahydroisoquinolin-8-ol analog7 and
tetrahydroisoquinolin-6-ol analo8) exhibited comparative stabilities. 5-Bromo-tetrditoysoquinolin-
8-ol analog25 showed shorter half-life than that of compow&1 Generally, phenolic analodg$, 23,

25, 27, and30 were more metabolically stable compared to theesponding unsubstituted analdgs
and 19. Besides, chromane anal@®3 was less stable than tetrahydroisoquinoline andkgAs
supporting data for the above SMR df(dubstituted alkyl) portion opiro[indane-1,4piperidine]
analogs, compountb was more stable than-B-phenylpropyl)-spiro[indane-1$iperidine] (3.0 min)

of which the monocyclic phenyl portion was very Wegainst metabolic reaction in HLM as described
in the previous study [7].

It is significant to consider contributing-factar -@ffect for enhancing/improving metabolic statiin
the viewpoint of structural features or chemicaparties, with the results of the previous SMR &sid
for a variety of compounds in HLM [3,5-7]. First, the previous studies, the structural differermes
the 4-arylpiperidine portions influenced respecttabilities of compounds. As reported, 4-(4-flu@ro
methylphenyl)piperidine was much preferable to 4n@hylphenyl)piperidine as 4-arylpiperidine
portion of N,N-dimethylindoline-2-carboxamide analogs; and th#8udro group effect on the aryl
moiety for enhancing stability in the comparisornsviia accord with SMR of other analogs in the study
as well as a result of major-metabolite identificatstudy for a related compound, thus 4-positibriso
aryl moiety was hydroxylated in liver microsome.[@) another study, 4-(2-methylphenyl)piperidine
was preferable to spiro[indane-1plperidine] as 4-arylpiperidine portion of (pipdin-1-yl)propyl
analogs [7]. The preference of 4-(4-fluoro-2-medimdnyl)piperidine for compoundl5 over
spiro[indane-1,4piperidine] for compoun@3 in the present study was in line with the resaftthose
studies, thus the differences of metabolic stadslitbetween compountb and compoun®3 were
attributable to their 4-arylpiperidine portions wasll. Second, as the SMR for the opposite part-of 4
arylpiperidine portion of the present compounds, $tructural differences of the benzo-fused bicycli
portion variously affected their respective stdieié as described (for example, compouttd >

compound5). As substituents on propyl group fordropyl-spiro[indene-1,4piperidine] analogsx-
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hydroxypiperidine and 2-piperidone were much pige to piperidine, while cyclohexane and benzene
were much less favorable over piperidine [7]. Thessailts have indicated that the structural feature
and/or chemical properties of both 4-arylpiperidoogtion and the opposite part would contributéhi
overall metabolic stability or lability of the resgtive compounds. Noteworthy, the respective atratt
features and/or chemical properties of specificatyoor portion have been more apparently respansibl
for the differences of metabolic stabilities betwesnalogs in the comparisons on condition that the
features and/or the properties of the other maetyortion of the analogs were similar. Assumingtth
the unsubstituted tetrahydroisoquinoline portiohsampounds$ and19 are important sites involved in
the metabolically labilities of the compounds, trerious results of the SMR study around bicyclo
portion of the present analogs might show furtheteptial contributing-factors/-effects in terms of
metabolic stabilities of the analogs; although tdmation study of possible metabolites of compdin

or its analogs would also be important or helpfulihderstand them. Thus, more favorable characfers
secondary-amino alicyclic group and phenolic grimrgmetabolic stability in comparison of the anaog
might be due to or contributed by hydrogen bondodofHBD) functionality (or reduced local
lipophilicity) of them, compared to the correspamglioxacyclic group and des-hydroxy-phenyl group
analogs that have no HBD functionality, respectivebupportingly, HBD functionality effects [or
reduced (local) lipophilicity effects attributable (local) structural differences] for getting/enbang
metabolic stability in HLM can be seen for (i) pfesto-brain selective HPCOM, that SH-
hexahydropyrrolo[3,4]pyrrole analog of (hydroxymethyl)cyclooctyl-typeetzimidazole derivative,
against the correspondinid-Me-piperazine analog [3], for (ii) brain selectidCOPPB, that idNH-
piperidine analog of methylcyclooctyl-type benziaudle derivative, against the correspondiityle-
piperidine analog [5], and for (iii)3¢ or y-)hydroxypiperidine analogs of 1-:(8ubstituted propyl)-4-
arylpiperidine derivatives against the correspogdimsubstituted piperidine analog [7], respectively
Furthermore, introduction of hydroxy group onto pylemoiety within tetrahydroisoquinoline portion
for the present analogs heightens oxidation-state acidity of the moiety, which might potentially

increase resistivity of the moiety against oxidatimy major metabolic enzymes, cytochrome P450s
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(CYPs) in HLM. Electron withdrawing characters daft 4-fluoro group of arylpiperidine portion and
5-chloro group of tetrahydroisoquinoline portion cdmpound15 would affect reelectron density
(distribution) and polarizability of the respectivayl cores, and might affect resistivity against
electrophilic oxidative-reaction by CYPs. Besidemppropriately located substituent-effects for
metabolic stability in this study might also be asated with their blocking effects against potahti
metabolic reactions on the respective sites/pastieimilar to the potential blocking effect prodddsy
additional substituent for the arylpiperidine am@dn the previous study [6].

In conclusion, (i) compountb was most preferable among the present analogpe imi¢wpoint of the
compatibility of metabolic stability in HLM and plites as highly potent and highly selective hNOP
receptor antagonish vitro. (ii) The results of this study suggested sigaificor potential contributing-
factors/-effects for enhancing/improving metabgliability in comparison of the present analogs,civhi
might be beneficial or helpful to conduct furtherather drug-discovery studies of metabolicallybtta

drugs.

2.4. Design and SAR studies of hERG ion channel binding in vitro for drug safety

The bindings of (candidate) clinical drugs to hER&assium ion channel are serious concerns in the
pharmacotherapies. The concerns relate to prolmmgat QT interval in the electrocardiogramvivo,
which may lead to Torsades de Pointes in the huheamt or sudden death at worst. Therefore, the
assessments of the binding affinities to the chlaforedrugs are very important in drug-discovery
strategies toward clinical medications. Indeed,iots types of compounds such as HPCOM [3],
MCOPPB [5], and other compounds [7], that havéelifiotential risks of the hERG potassium ion
channel binding issues, have been discovered irespective safe-drug studies.

As well, the design and SAR of the present analogseducing hERG potassium ion channel binding

affinity were investigateth vitro. The inhibitory activities of the analogs £3/alues) were determined
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against {H]dofetilide binding to potassium ion channel fromERG expressed in HEK-293 cells

[3,5,7,25]. Than vitro SAR of the analogs is shown in Table 2.

In comparison of 4-(4-fluoro-2-methylphenyl)pipend analogs, 5-chloro-tetrahydroisoquinolin-8-ol
analog 15 exhibited less potent binding affinity than tetrdigisoquinoline analog. Besides, in
comparison of spiro[indane-1;giperidine] analogs, tetrahydroisoquinoline anald and 5-
halogenated tetrahydroisoquinolin-8-ol anal@gsand 25 exhibited less potent binding affinities than
tetrahydroisoquinolin-6-ol analo@7 and tetrahydroisoquinolin-8-ol analo80. Compared with
substituent effects on the aryl moiety within thyrdroisoquinoline portion for spiro[indane-%,4
piperidine] analogs, the rank of the orders oftilmeling affinities was 5-chloro-tetrahydroisoquiime8-

ol 23 < 5-bromo-tetrahydroisoquinolin-8-8b < tetrahydroisoquinolin-8-d27 < tetrahydroisoquinolin-
6-ol 30. These results indicated that (i) the orders efréducing affinity effects of 5-substituents foe t
respective tetrahydroisoquinolin-8-ol analogs waadcord with the order of the electron negatisitoé
the respective 5-substituents, that is, chloro gr@3) > bromo group45) > hydrogen group2{). By
contrast, (i) phenolic hydroxy groups at 8- or @sjhion €7 or 30), that havereelectron donating
character for the respective aromatic-ring moietgt®wed increasing affinity effects compared with
hydrogen groupl@). In addition, the phenolic hydroxy group effeofscompound£7 and30 displayed
regioselectivities for their affinities, that is;@H group 80) > 8-OH group 27). As supporting data in
the previous studin vitro in terms of the electron effects, MCOPPB that Rakpiperidine (electron-
poor ring) as 2-substituent on its benzimidazoléetycshowed little hERG ion channel binding affinit
contrary to the corresponding 2-aryl group (electich ring) analogs that showed higher binding
affinities [5]. In comparison of (hetero) alicycicoiety within the bicyclo portion of the presenaéogs

in Table 2N-Me-1-oxo (lactam) analogl was very successful to achieve much lower bindiffigity
(ICs0 = 6,960 nM); howeveN-Ac analog22 showed higher affinity. Compared to the other gsotor
the moiety, the preference of the lactam group remtucing affinity might be associated with its

character, that is, electron withdrawing effecthad group for reducing electron density of the el
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aryl moiety, electron distribution effect or potgreffect for the hetero alicyclic moiety (that lactam
group itself) or for the aryl moiety affected byethroup, and/or position-dependent steric effedhef
amido group, against the ligand binding to the de&nFuerthermore, local lipophilicity around the
(hetero) alicyclic moiety might contribute to thidiing affinity. Thus, tetrahydronaphthalene ana38g
that has higher lipophilic carbocyclic moiety shawsigher affinity relative to tetrahydroisoquinain
analogl9 that has lower lipophilic secondary-amino alicyaioiety. The possible lower lipophilicity
effect for reducing affinity was in line with presly described lower lipophilicity effects for tezing
in vitro hERG ion channel binding affinity of (i) 1,2-suibsted benzimidazole analogs (for example,
MCOPPB that isNH-piperidine analog against the corresponding andla@gs, see also the above
discussion) [5] and of (ii) 1-(azacyclic or carboly group substituted-propyl)-4-arylpiperidine togs
(for example, piperidine analog had much less #éffithan cyclohexane analog) [7] (for further reésul
of the detailed SAR studies, see the original respfar, 7], respectively)nterestingly, oxacyclic analog
33 was preferable to carbocyclic anal@§ for reducing affinity. The oxacyclic group effeof
compound33 against hERG ion channel binding might be assatiaith o-electron withdrawing effect
of the ether oxygen atom for reducing electron teref the adjacent aryl moiety, lower lipophilic
effect that is similar to the above examples, anelectron lone-pair effect of the oxygen atom,
compared to the carbocyclic moiety of compoGBd

Overall, i) several structures were found to bectfal for reducing hERG potassium ion channel
binding affinity in this study. ii) As significandr potential contributing-factors for reducing afty,
various whole/local structural features and/or cicahproperties, such as shape, electron stataripol
atom species, functional group, and position ofsgtuent/group, were suggested in comparison of the
present analogs, which might be associated wittraction levels between the compounds and hERG
ion channel. The results and findings might prowideful or helpful information to conduct furthar o
other drug-discovery studies for safe drugs, tagetVith the results of the previous studies foredse

structural types of compounds [3,5,7].
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3. Conclusions

In the present study, the design, synthesis, an® $Aa series of (4-arylpiperidine substituted-
methyl)-[bicyclic (hetero)cycloalkanobenzene] agglavere investigateoh vitro in order to seek and
identify potent and selective, novel small-molesulef hNOP receptor antagonists. Among them,
compound$ and15 were discovered as novel nonpeptide hNOP recepitaigonists that demonstrated
highly potent hNOP receptor binding affinities, inigNOP receptor binding selectivities against human
K receptor, and highly potent hNOP receptor antagoactivitiesin vitro. In the design and SMR
studies in HLM, compountl5 exhibited more metabolic stability than compo&@ndhe SAR and SMR
studies indicated or suggested various whole ancdl leeatures as key and/or useful contributing-
factors/-effects to achieve or improve the profilasthe design and SAR studies of the analogsnatai
hERG ion channel binding affinitin vitro, several effective structures and significant andiseful
contributing-factors for reducing affinities wereuhd or suggested. The above results and findings
including the significant small-molecule analogser se might provide useful or helpful
information/tools to conduct further studies of hR@ceptor antagonists, elucidation studies of NOP
receptor—-N/OFQ system-mediated pharmacologicalffomal/transductional mechanisms, and other

various studies for metabolically stable and safrsl

4. Experimental section

4.1. Chemistry

4.1.1. General procedures
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In general, reagents, solvents, and other chemiosee used as purchased without further
purification. All reactions with air- or moisturessitive reactants and solvents were carried odémun
nitrogen atmosphere. Flash column chromatographgdiiim pressure liquid chromatography)
purifications were carried out using Merck silical §0 (230-400 mesh ASTM). Preparative thin-layer
chromatography (PTLC) purifications were carried @u Merck silica gel 60 54 precoated glass plates
at a thickness of 0.5 or 1.0 mm. The structuresllagolated compounds were assured by the follgwin
techniques, such as NMR, IR, MS or elementary aimljH nuclear magnetic resonancél (NMR)
data were determined at 270 MHz on a JNM-LA 2700Espectrometer and at 300 MHz on a JNM-
LA300 (JEOL) spectrometer. Chemical shifts are egped ind (ppm).'H NMR chemical shifts were
determined relative to tetramethylsilane (TMS)rasmal standard. NMR data are reported as follows:
chemical shift, number of atoms, multiplicities ¢sglet; d, doublet; t, triplet; dd, double double,
multiplet; and br, broadened), and coupling cortstamfrared spectra were measured by an IR-470
(Shimadzu) infrared spectrometer. Low-resolutionssnapectral data (El) were obtained on an
Automass 120 (JEOL) mass spectrometer. Low-resolutiass spectral data (ESI) were obtained on a
Quattro Il (Micromass) mass spectrometer—AgilendALHPLC system. Melting point was obtained
using Exstar 6000 (Seiko Instruments Inc.) and uwvarrected.

After preparation by manual synthesis, compousdks, 18-23, 25, 27, 30, and33 were converted
into salts of citrate, hydrochloride or 4-tosylatespectively, as shown in the subsections for the
compounds, respectively. The purities of citrateshe compound®, 15, 19, 23, 25, 27, and 30, a
hydrochloride of compoung?2, and a 4-toluenesulfonate of compo@3dvere confirmed by elementary
analysis to be withint0.4% of calculated values, respectively. Elementarglysis of hydrochloride
salts of compounds$8, 20, and21 was not performed owing to the requisite amountgHe analysis of
the respective salts; however the purity of saefcompounds8, 20, and21 were assured by NMR
analysis that had no significant impurity signatept small amounts of solvent signals. Compos®id
prepared by high-speed parallel synthesis wasrmddaas a formate salt. These salts of the compounds

were used for pharmacological and/or pharmacokirestaluations.
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4.1.2. Synthesis of 3-{[4-(4-fluor o-2-methylphenyl)piperidin-1-yllmethyl}-1,2,3,4-
tetrahydroisoquinoline (5).

4.1.2.1. tert-Butyl 3-{[4-(4-fluor o-2-methylphenyl)piperidin-1-yl]car bonyl}-3,4-
dihydroisoquinoline-2(1H)-carboxylate (3). To a suspension of 1,2,3,4-tetrahydroisoquinoline-3
carboxylic acid hydrochloride (2.137 g, 10.0 mmialH,O (54.0 mL)-+tert-butyl alcohol (45.0 mL) was
added 2 N NaOH (11.0 mL, 22.0 mmol) at room temjpeeaunder M Di-tert-butyl dicarbonate
(Boc,O) (2.20 g, 10.1 mmol) was added to the resultolgt®n at a time, stirred at room temperature
under N for 16 h [4,20]. The reaction solution was pouietb 10% aqueous citric acid at room
temperature, then the resulting acidic mixture essacted with chloroform three times. The combined
extracts were washed with,@, dried over anhydrous MgQOand concentrateth vacuoto afford
3.5196 g of 24ert-butoxycarbonyl)-1,2,3,4-tetrahydroisoquinolined&4moxylic acid2 [20] as a slight
yellowish-white solid (crude).

A mixture of 4-(4-fluoro-2-methylphenyl)piperidind (386.5 mg, 2.00 mmol) [6], Z€rt-
butoxycarbonyl)-1,2,3,4-tetrahydroisoquinoline-3bmxylic acid 2 (554.6 mg, 2.00 mmol), water
soluble carbodiimide, that is, 1-ethyl-3-(3-dimd#mginopropyl)carbodiimide hydrochloride (WSCI)
(766.8 mg, 4.00 mmol), hydroxybenzotriazole (HOEB340.5 mg, 4.00 mmol), and dry;t (836 pL,
6.00 mmol) in dry CHCI, (16.0 mL) was stirred at room temperature underfod 24 h [7]. The
reaction solution was poured inta® (30 mL), and the resulting mixture was extractgth CH,Cl,
(30 mLx 2). The combined extracts were dried over anhylMgSQ, and concentrateid vacuo The
residue was purified by column chromatographydailyel, hexane/AcOEt = 3:1) to afford 833.5 mg of
the title product in 92% yield as a colorless ot NMR (300 MHz, CDC}) J 7.27—7.00 (5H, m),
6.90-6.85 (2H, m), 5.40-4.16 (5H, m), 3.25-2.60, (61, 2.35 (3H, s), 2.00-1.37 (13H, m, including

9H, s, at 1.49 ppm). MS (ESI positive) m/z: [M+HJ53.
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4.1.2.2. 3-{[4-(4-Fluoro-2-methylphenyl)piperidin-1-yl]carbonyl}-1,2,3,4-tetrahydroisoquinoline
(4). A mixture of compound (833.5 mg, 1.84 mmol) in 10% HCI in MeOH (80.0 miis stirred at
room temperature under,Nor 40 h, then concentratead vacuo The residue was partitioned between
CH.ClI, (60.0 mL) and saturated aqueous NaH@@O mL). The organic layer was separted and the
agueous layer was extracted with £ (60 mL x 2). The organic layers were combined, dried over
anhydrous MgS@ and concentrateid vacuoto afford 603.3 mg of the title produétin 93% yieldH
NMR (300 MHz, CDC}) 7.20-7.02 (5H, m), 6.92-6.83 (2H, m), 4.86 (1H] &,12.5 Hz), 4.13 (3H,
m), 3.99 (1H, ddJ = 11.0 Hz,J = 4.23 Hz), 3.24-2.66 (5H, m), 2.35 (3H, s), 1256 (5H, m). MS

(ESI positive) m/z: [M+H] 353.

4.1.23. 3{[4-(4-Fluoro-2-methylphenyl)piperidin-1-yl|methyl}-1,2,3,4-tetrahydroisoquinoline
(5). To a solution of compound (603.3 mg, 1.71 mmol) in anhydrous THF (15.0 mlgswadded
lithium aluminum hydride (LAH) (194.9 mg, 5.14 mmat 0°C under N [7]. The reaction mixture
was stirred at the temperature underfd 1 h, allowed to room temperature, and stiader N for 24
h. The reaction mixture was cooled t6@, AcOEt (80 mL) was added dropwise, stirred atdame
temperature under Nor 20 min, allowed to warm to room temperatuned stirred for 40 min. The
mixture was cooled to TC, ice-cooled HO (80 mL) was added dropwise, then the resultingtume
was stirred at the temperature for 1.5 h. The ocgkyer was separated, and the aqueous layer was
extracted with AcOEt (80 mik 2). The organic layers were combined, dried ovdrydrous MgSQ
and concentratedn vacuo The residue was purified by column chromatografghyica gel,
CH.Cl,/MeOH = 14:1), followed by PTLC twice (silica geGH,Cl,/MeOH = 14:11 for the first,
CH.CIl,/AcOEt/2-propanol/25% aqueous ammonia = 16:40:4f6rdthe second) was performed to
afford 130.2 mg of the title produBtin 22% yield. MS (ESI positive) m/z: [M+H]339.24."H NMR
(300 MHz, CDC}) §7.22—7.03 (5H, m), 6.90-6.83 (2H, m), 4.10 (2H3s)5-2.96 (3H, m), 2.76—1.70

(15H, m, including 3H, s, at 2.32 ppmQitric acid salt formation, general procedure [6,7]:
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Compound5 (122.5 mg, 0.362 mmol) and one equivalent of ciatid (69.5 mg, 0.362 mmol) was
dissolved in dry ChKCl, (8.0 mL) and dry MeOH (12.0 mL), and the resultsajution was stirred at
room temperature for 2 h, then concentrateeacuo The residue was resuspended in,Chl collected
by filtration, and dried under vacuum at %D for 5 h to afford citrate salt as a white soMbnocitrate
of compounds: Mp: 185.7°C. IR (KBr): 3430, 2932, 1717, 1589, 1499, 138744,21188, 972, 864,

820, 752, 613 ci. Anal. (GoHa7/FNy- CsHgO5) C, H, N.

4.1.3. Synthesis of 5-chloro-3-{[4-(4-fluor o-2-methylphenyl)piperidin-1-yllmethyl}-1,2,3,4-
tetrahydroisoquinolin-8-ol (15).

4.1.3.1. Diethyl (acetylamino)(5-{[tert-butyl(dimethyl)silyl]oxy}-2-chlor obenzyl)malonate (8). To
stirred a solution of diethyl acetamidomalonate.91¢, 73.2 mmol) in dry DMF (80.0 mL) was added
NaH (60% in oil, 2.92 g, 73.0 mmol) at 0 °C under. NThe reaction mixture was stirred at room
temperature under,Nor 30 min, then the resulting yellow solution wamled to 0 °C. A solution of [3-
(bromomethyl)-4-chlorophenoxy#rt-butyl)dimethylsilane 7, that was prepared according to the
reported method [21] (24.5 g, 73.0 mmol), in dry B§20.0 mL) was added to the above solution at 0
°C under N. The reaction solution was allowed to warm to rdaemperature, stirred undes, for 2 h,
then HO (200 mL) was added. The resulting mixture wasaexed with ACOEt twice. The combined
extracts were washed with,® twice and then brine, dried over anhydrous Mg&@d concentrated
vacua The residue was purified by column chromatografsitica gel, hexane/AcOEt = 2:1) to afford
18.45 g of the title produ@ as an oil in 54% yield from compourfd*H NMR (300 MHz, CDC}) &
7.16 (1H, dJ = 8.6 Hz), 6.66 (1H, dd] = 8.6 Hz,J = 2.8 Hz), 6.57 (1H, d] = 2.8 Hz), 6.54 (1H, br s),
4.37-4.07 (4H, m), 3.78 and 3.74 (total 2H, eacR.§p6 and 2.01 (total 3H, each s), 1.29 (6H,%,8.8

Hz), 0.96 (9H, s), 0.17 (6H, s).

4.1.3.2. 2-(tert-Butoxycarbonyl)-5-chloro-8-hydroxy-1,2,3,4-tetr anhydr oisequinoline-3-car boxylic

acid (11). A mixture of compound (18.45 g, 39.1 mmol), concentrated HCI (70.0 nalnd acetic acid
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(30.0 mL) was warmed to reflux conditions, stirtgeler N for 14 h, then more concentrated HCI (40
mL) was added. The reaction mixture was stirredeurreéflux conditions for 10 h, and then more
concentrated HCI (10 mL) was added. The reactiofiure was stirred under reflux conditions for 16 h,
then cooled to room temperature. The reaction mextas diluted with KD (50 mL), washed with
CH.CI, twice, and then concentratén vacuoto afford 10.2 g of 2-chloro-5-hydroxyphenylalamin
hydrochloride9 as a white solid (crude).

A mixture of compoun® (10.2 g, crude), 37% formalin (40.0 mL), angH(40.0 mL) was warmed
to 90 °C, and stirred under,Nor 1.5 h, then cooled to 0 °C [22]. The resultimbite precipitate was
collected by filtration, and dried under vacuum dfiord 7.88 g of 5-chloro-8-hydroxy-1,2,3,4-
tetrahydroisoquinoline-3-carboxylic acid hydrocldier10 in 76% yield as a solid. MS (ESI negative)
m/z: [M—H] 226.02.

To a stirred mixture of compourid (7.88 g, 29.8 mmol) and 2 N NaOH (75.0 mL, 150 M)rimol,4-
dioxane (80.0 mL) was added B@c(7.81 g, 35.8 mmol) at room temperature undgrTde reaction
mixture was stirred at the temperature for 18 @ntboncentrateh vacuo The residue was dissolved in
H,0 (60.0 mL), then MeOH (30.0 mL) was added folloviiyd2 N NaOH (20.0 mL). The mixture was
stirred at room temperature for 6 h, then concéediia vacuo The residue was acidified by adding 2 N
HCI and 10% aqueous citric acid, and then extragtgd CH,Cl,-MeOH (10:1) three times. The
combined extracts were concentratedracuoto afford 8.0 g of the title produdtl as a brown solid
(crude), containing a by-produt? that would plausibly b&l,O-di-Boc derivative of compountil, that
is, 2-tert-butoxycarbonyl)-84ert-butoxycarbonyloxy)-5-chloro-1,2,3,4-tetrahydroisotpline-3-
carboxylic acid, as detected by mass spectrosddBy(ESI negative) m/z: [M—H]426 (not isolated).
Compoundl1: *H NMR (300 MHz, DMSO€g) 10.00 (1H, s), 7.44 and 7.13 (total 1H, eact d,8.7
Hz andJ = 8.6 Hz), 7.18 and 6.72 (total 1H, eacld &, 8.8 Hz), 5.08-5.00 (0.5H, m), 4.90-4.80 (0.5H,
m), 4.50-4.35 (1H, m), 4.30-4.15 (1H, m), 3.50-238, m), 1.50, 1.46, and 1.41 (total 9H, each s).

MS (ESI negative) m/z: [M—H]326.

26



4.1.3.3. tert-Butyl 5-chloro-3-{[4-(4-fluor o-2-methylphenyl)piperidin-1-yl]car bonyl}-8-hydr oxy-
3,4-dihydroisoquinoline-2(1H)-car boxylate (13). A mixture of compound. (162.3 mg, 0.840 mmol),
compoundLl (250.0 mg, crude), WSCI (322.1 mg, 1.68 mmol), HQB27.0 mg, 1.68 mmol), and dry
EtN (351 L, 2.52 mmol) in dry CHCI, (7.0 mL) was stirred at room temperature undgfdx 36 h,
then poured into O (50 mL). The resulting mixture was extracted w@Hh,Cl, (50 mL x 2). The
combined extracts were dried over anhydrous Mg3@d concentrateth vacuo The residue was
purified by column chromatography (silica gel, hesAcOEt = 2:1) to afford 218.9 mg of the title
product13 in 52% yield from compountl. TLC: R =0.35, AcOEt/hexane = 1:1. MS (ESI positive) m/z:

[M+H]* 501.

4.1.3.4. 5-Chlor0-3-{[4-(4-fluor o-2-methylphenyl)piperidin-1-yl]car bonyl}-1,2,3,4-
tetrahydroisoquinolin-8-ol (14). To a stirred solution of compouri8 (218.9 mg, 0.435 mmol) in
anhydrous THF (2.0 mL) was added trifluoroacetiocd @.0 mL) at *C under N. The reaction
solution was stirred at the temperature for 1 lgwadd to room temperature, stirred overnight, then
concentratedn vacuo The residue was partitioned between,CH (20 mL) and saturated aqueous
NaHCQ; (50 mL). The organic layer was separated, ancatheeous layer was extracted with i
(50 mL x 4). The organic layers were combined, dried ovdrydrous MgS@ and concentrateoh
vacua The residue was purified by PTLC twice (silicd, ggH,Cl,/MeOH = 15:1 for each) to afford
76.3 mg of the title produdt4 in 44% vyield."H NMR (270 MHz, CDC}) §7.20-6.76 (4H, m), 6.65
(1H, d,J = 8.24 Hz), 4.84 (1H, dl = 13.0 Hz), 4.22-3.78 (4H, m), 3.30-3.15 (1H, BP7-2.90 (2H,

m), 2.78-2.58 (2H, m), 2.35-2.33 (3H, m), 1.90-149, m). MS (ESI positive) m/z: [M+H]403.

4.1.35. 5-Chlor o-3-{[4-(4-fluor o-2-methylphenyl)piperidin-1-ylJmethyl}-1,2,3,4-
tetrahydroisoquinolin-8-ol (15), general procedure of borane reduction of amide for amine

synsthesis. To a solution of compound4 (76.3 mg, 0.189 mmol) in anhydrous THF (3.7 mL)swa

27



added a solution of BHSMe, (1.0 M in THF, 90uL, 90 umol) at room temperature undep.N'he
reaction solution was warmed up to reflux condgiostirred under Nfor 5 h, cooled to room
temperature, then more B#$Me, (1.0 M in THF, 90uL, 90 umol) was added. Again, the reaction
solution was warmed up to reflux conditions, stirfer 24 h, then cooled to room temperature, then
more BH-SMe, (1.0 M in THF, 90uL, 90 umol) was added. The reaction solution warmed ueflax
conditions, stirred for 16 h, cooled t¢0O, then 6 N HCI (1.26 mL), 2 N HCI (1.0 mL), and G (3.7
mL) were added dropwise. The resulting mixture wasmed up to reflux conditions, stirred under N
for 24 h, then allowed to room temperature. Theiltegy solution was diluted with MeOH (10 mL),
then concentrateith vacuo For the residue, a procedure, that consistseohtidition of MeOH (5 mL)
followed by the concentration of the resulting ranetin vacuq was repeated six times. The residue was
dissolved in CHCI, (25 mL)-MeOH (3 mL), then poured into saturatedesays NaHC®Q (15 mL)—
H,O (10 mL). The organic layer was separated, andatheeous layer was extracted with h—
MeOH (10:1, 25 mlx 2), and with CHCI, (25 mLx 2). The organic layers were combined, dried over
anhydrous MgS@) and concentrateoh vacuo The residue was purified by column chromatography
(silica gel, CHCI,/MeOH = 15:1, then CCl,/MeOH/25% aqueous ammonia = 15:1:0.15) followed by
PTLC (silica gel, CHCI,/MeOH/25% aqueous ammonia = 18:1:8.2, that is, twice developments on
the same plate) was performed to afford 26.3 mgheftitle productl5 in 36% yield as a slight
yellowish-white solid."H NMR (300 MHz, CDC}) 4 7.19-7.14 (1H, m), 6.99 (1H, d,= 8.40 Hz),
6.90-6.84 (2H, m), 6.47 (1H, d= 8.43 Hz), 4.30 (2H, br s), 4.14 (1H,Jk 15.9 Hz), 3.76 (1H, d =
15.9 Hz), 3.13-1.73 (17H, m, including 3H, s, &2ppm). MS (ESI positive) m/z: [M+H]389 for

salt-free form. Monocitrate of compoud8: Anal. (G2H26CIFN,O- GHsO7) C, H, N.

4.1.4. Synthesis of 1'-(1,2,3,4-tetr ahydroisoquinolin-3-ylcar bonyl)-2,3-dihydro-1'H -spir o[indene-
1,4'-piperidinel  (18) and  1'-[(1,2,3,4-tetrahydroisoquinolin-3-yl)methyl]-2,3-dihydro-1'H -

spirofindene-1,4'-piperiding] (19).
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41.4.1. tert-Butyl 3-(2,3-dihydro-1'H -spiro[indene-1,4' -piperidin]-1'-ylcar bonyl)-3,4-
dihydroisoquinoline-2(1H)-carboxylate (17). To a stirred solution of compour2l (610.1 mg, 2.20
mmo), 2,3-dihydrospiro[indene-1;giperidine] hydrochloride (492.2 mg, 2.20 mmol), dry;&t(307
pL, 2.20 mmol), and HOBT (327.0 mg, 2.42 mmol) ity @MF (15.0 mL) and anhydrous THF (10.0
mL) was added WSCI (463.9 mg, 2.42 mmol) at a @ne20 °C under N The resulting mixture was
allowed to warm to room temperature, and stirredeurN, for 2 days, and the mixture was turned into
yellow solution during the reaction. After sometloé solvent were reduced on a rotary evaporater, th
residue was poured into aqueous NaHCZD0 mL) at 0 °C, and the resulting mixture wasacted
with Et,O (100 mLx 2). The combined extracts were washed witd i70 mL), dried over anhydrous
MgSQ,, filtered, and concentrated vacuo The residue was purified by column chromatografsilica
gel, hexane/AcOEt = 2:1) to afford 785.8 mg oftitle productl7 in 80% yield as a white foamy solid.
H NMR (300 MHz, CDCJ) J7.25-7.04 (8H, m), 5.47-5.27 and 5.08—4.73 (2l each m), 4.65—
4.35 and 4.10-3.90 (total 3H, each m), 3.40-2.H), (6), 2.18-2.02 (2H, m), 2.00-1.40 (13H, m,

including 9H, s at 1.49 ppm).

4.1.4.2. 1'-(1,2,3,4-Tetrahydroisoquinolin-3-ylcar bonyl)-2,3-dihydro-1'H -spiro[indene-1,4'-
piperidine] (18). A mixture of compound? (154.2 mg, 0.345 mmol) and 10% HCI solution in NteO
(15.0 mL) was stirred at room temperature underfdd 16 h. After evaporation of the solvent, the
residue was partitioned between £ (30 mL) and saturated aqueous NaH8&D mL) at 0 °C. The
organic layer was separated, and the aqueousvageextracted with C#€l, (30 mLx 3). The organic
layers were combined, washed with brine, dried @rdrydrous MgSg) filtered, and concentratad
vacuoto afford 120.8 mg of the title produt8 in quantitative yield'H NMR (270 MHz, CDCY) J
7.26-7.02 (8H, m), 4.74-4.59 (1H, m), 4.14 (2Hspr4.04-3.91 (2H, m), 3.40-3.24 (1H, m), 3.12—
2.79 (5H, m, including 2H, ] = 7.26 Hz at 2.95 ppm), 2.33 (1H, br s), 2.12 (BH,= 7.24 Hz), 2.00-

1.73 (2H, m), 1.70-1.55 (2H, mblydrochroride salt formation, general procedure [3,4]: A solution
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of compoundl8 (8.9 mg) in CHCI, (10 mL) and excess equivalent of 10% HCI/MeOH soiu (20
mL) was stirred at room temperature for 30 min, treh concentrateid vacuo The resulting solid was
collected and dried under vacuum at 50 °C for 6ohgitve hydrochloride salt as a white solid.

Hydrochloride salt of compourtB: MS (ESI positive) m/z: [M+H] 347.16.

4.1.4.3. 1'-[(1,2,3,4-Tetr ahydr oisoquinolin-3-yl)methyl]-2,3-dihydro-1'H -spir o[indene-1,4 -
piperiding] (19), typical procedure. To a stirred solution of the above compou@d(salt free, 111.9
mg, 0.323 mmol) in anhydrous THF (3.0 mL) was adda#l (36.8 mg, 0.970 mmol) at 0 °C undes.N
The reaction mixture was stirred at 0 °C undgfdyd 30 min, allowed to warm to room temperaturgj a
stirred for 16 h. The reaction mixture was cooledOt °C, then AcOEt (20 mL) was added at the
temperature underNThe resulting mixture was stirred for 15 min &Q) ice-cooled KO (15 mL) was
added dropwise at the temperature, and then thdtingsmixture was stirred at 0 °C for 30 min. The
organic layer was separated, and the aqueousvagextracted with AcOEt (20 mt.3). The organic
layers were combined, dried over anhydrous MgSilkered, and concentrated vacuo The residue
was purified by PTLC (silica gel, GEl,/MeOH/25% NHOH = 150:10:1) to afford 85.0 mg of the title
product19 in 79% vield as a slight brownish-white soltti NMR (300 MHz, CDCJ) §7.24-7.02 (8H,
m), 4.10 (2H, s), 3.13-3.03 (1H, m), 2.99-2.79 (AH ncluding 2H, tJ = 7.50 Hz at 2.90 ppm), 2.72
(1H, dd,J = 15.9 Hz,J = 3.84 Hz), 2.60-2.25 (5H, m), 2.18-2.09 (1H, Pa)4—1.88 (4H, m, including
2H, t,J = 7.50 Hz at 2.02 ppm), 1.58-1.50 (2H, monocitrate of compound9: IR (KBr): 3400,
1717, 1589, 1456, 1440, 1393, 1209, 758 %cnMS (ESI positive) m/z: [M+H] 333.18. Anal.

(CasH2gN2- CsHgO7) C, H, N.

4.1.5. Synthesis of 1'-[(2-methyl-1,2,3,4-tetrahydroisoquinolin-3-yl)methyl]-2,3-dihydro-1'H -
spirofindene-1,4'-piperidingl  (20) and 3-{(2,3-dihydro-1'H-spiro[indene-1,4'-piperidin]-1'-

yl)methyl}-2-methyl-3,4-dihydr oisoquinolin-1(2H)-one (21).
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4151. 1-[(2-Methyl-1,2,3,4-tetrahydroisoquinolin-3-yl)methyl]-2,3-dihydro-1'H -spir o[indene-
1,4'-piperidineg] (20). To a stirred solution of compourdd (179.0 mg, 0.401 mmol) in anhydrous THF
(5.0 mL) was added LAH (68.3 mg, 1.80 mmol) at raemperature under,N4]. The reaction mixture
was stirred at room temperature for 16 h, cooled €, AcOEt (10 mL) was added at the temperature
under N, allowed to warm to room temperature, and stif@d30 min at room temperature. The
reaction mixture was cooled to 0 °C, ice-coolefDH15 mL) was added at the temperature, and the
resulting mixture was stirred at 0 °C for 30 mimeTorganic layer was separated, and the aqueocers lay
was extracted with ACOEt (15 mk 3). The organic layers were combined, dried ov@rydrous
MgSQ, filtered, and concentrateth vacuo The residue was purified by PTLC (silica gel,
CH,Cl,/MeOH = 10:1) to afford 61.2 mg of the title prot@ in 44% yield."H NMR (270 MHz,
CDCly) §7.25-7.09 (7H, m), 7.06—7.00 (1H, m), 3.84 (1HJ &, 15.8 Hz), 3.74 (1H, d] = 16.0 Hz),
3.03-2.71 (7H, m, including 2H, 1,= 7.24 Hz at 2.89 ppm), 2.64 (1H, dbs 12.4 Hz,J = 4.94 Hz),
2.48 (3H, s), 2.37—2.10 (3H, m), 2.05-1.87 (4Hjnoluding 2H, t,J = 7.24 Hz at 2.01 ppm), 1.57-1.47

(2H, m). Hydrochloride salt of compou0: MS (ESI positive) m/z: [M+H] 347.

4.15.2. 3-{(2,3-Dihydro-1'H -spiro[indene-1,4'-piperidin]-1'-yl)methyl}-2-methyl-3,4-
dihydroisoquinolin-1(2H)-one (21). To a stirred mixture of compourD (salt free, 49.0 mg, 0.141
mmol) and anhydrous MgSd29.5 mg, 0.245 mmol) in acetone (3.6 mL)eH(1.8 mL) was added
KMnQOy4 (38.8 mg, 0.245 mmol) at room temperature undef2R]. The reaction mixture was stirred at
room temperature under,Nor 1 h, then filtered. After the filtrate was aamtrated on a rotary
evaporator, the resulting aqueous residue was aattawith CHCI, (25 mL x 3). The combined
extracts were dried over anhydrous MgSé@nd concentrateth vacuo The residue was purified by
PTLC (silica gel, CHCIl/MeOH = 10:1) to afford 11.8 mg of the title prodl@t in 23% yield'H NMR
(300 MHz, CDC}) 68.08-7.18 (8H, m), 3.66 (1H, m), 3.35-3.26 (1H, 8122 (3H, s), 3.11-2.62 (5H,
m), 2.45-1.47 (10H, m). MS (El direct) m/z:'N\a60 for salt-free form. Hydrochroride salt of camopd

21: MS (ESI positive) m/z: [M+H] 361.19.
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4.1.6. Synthesis of 1'-[(2-acetyl-1,2,3,4-tetrahydroisoquinolin-3-yl)methyl]-2,3-dihydro-1'H -
spiro[indene-1,4'-piperiding] (22). To a stirred solution of compouri® (salt free, 71.7 mg, 0.216
mmol) and dry BN (75.3pL, 0.547 mmol) in dry CBLCl, (2.0 mL) was added acetyl chloride (154
0.217 mmol) at room temperature undet Whe resulting reaction mixture was warmed upeftux
conditions, stirred under Nfor 3 h, cooled to 0 °C, then ice-cooled(20 mL) was added. The
resulting mixture was extracted with @&, (25 mLx 3), and the combined extracts were washed with
brine, dried over anhydrous Mg&Qiltered, and concentratad vacuo The residue was purified by
PTLC (silica gel, CHCl,/MeOH = 20:1) to afford 74.8 mg of the title prod@2 in 92% yield."H NMR
(300 MHz, CDC}) 07.25-7.08 (8H, m), 5.25-5.15 (0.4H, m), 5.14 (Q.6H) = 17.8 Hz), 4.64 (0.4H,
d,J = 16.3 Hz), 4.49 (0.4H, d,= 16.1 Hz), 4.34—4.20 (0.6H, m), 4.25 (0.6HJ & 18.3 Hz), 3.13-2.64
(6H, m), 2.43-2.34 (1H, m), 2.32-2.09 (6H, m), 2028 (4H, m), 1.53-1.43 (2H, m). Hydrochroride

salt of compoun@2: MS (ESI positive) m/z: [M+H] 375.22. Anal. (gH3N,O-HCI) C, H, N.

4.1.7. Synthesis of 5-chloro-3-{(2,3-dihydro-1'H-spiro[indene-1,4'-piperidin]-1'-yl)methyl}-
1,2,3,4-tetrahydroisoquinolin-8-ol (23). Compoundll (crude, see section 4.1.3.2.) was coupled with
2,3-dihydrospiro[indene-1'$iperidine] hydrochloride according to the procexlior the synthesis of
compound3 from compoundd and?2 in section 4.1.2.1., then deprotected of aBoc portion of the
resulting amide according to the procedure forsyrehesis of compoungifrom compound in section
4.1.2.2., followed by Bkl SMe reduction of the amido portion to afford titke product23 according to
the procedure for the synthesis of compot&drom compoundl4 in section 4.1.3.5. Overall yield was
51%.

Compound23: *H NMR (300 MHz, DMSOdg) §9.60 (1H, br s), 7.27-7.10 (4H, m), 7.06 (1HJ ¢,
8.4 Hz), 6.64 (1H, dJ = 9.0 Hz), 3.96 (1H, d] = 15.6 Hz), 3.63 (1H, dl = 16.8 Hz), 3.00-2.65 (7H, m,
including 2H, t,J=7.3 Hz at 2.85 ppm), 2.45-2.37 (2H, m), 2.30523H, m), 1.97 (2H, ) = 7.2 Hz),

1.93-1.80 (2H, m), 1.50-1.40 (2H, m). Monocitrateampound23: MS (ESI positive) m/z: [M+H]
32



383. IR (KBr): 2945, 1719, 1600, 1456, 1340, 120892, 760 cri. Anal. (GsH27CIN20- GHgO5) C,

H, N.

4.1.8. Synthesis of 5-bromo-3-{(2,3-dihydro-1'H-spiro[indene-1,4'-piperidin]-1'-yl)methyl}-
1,2,3,4-tetrahydroisoquinolin-8-ol (25). To a suspension afi-tyrosine (1.00 g, 5.50 mmol) in AcOH
(100 mL) was added dropwise bromine (32 6.05 mmol) in AcOH (100 mL) at room temperature
under N. The reaction mixture was stirred at room tempeeatinder N for 2 h. The resulting solid
was collected by filtration, washed with hexane] dried under vacuum to afford 2.24 g of 2-bromo-5-
hydroxyphenylalanine as a white solid (crude). Atanie of 2-bromo-5-hydroxyphenylalanine (2.0 g,
crude) and 37% formalin (10 mL) in,8 (10.0 mL) was stirred at 90 °C undes fdr 2 h. After cooling
to room temperature, the resulting solid was ctdigdy filtration, washed with ¥, and dried under
vacuum to afford 668.0 mg of 5-bromo-8-hydroxy-3,2;tetrahydroisoquinoline-3-carboxylic ackd
[22] as a white solidcrude) (see also section 4.1.3.2. for the symsh@Estompound.l).

After compound4 wasN-Boc protected according to the procedure for ymeresis of compountil
from compoundlO in section 4.1.3.2., the resultifngBoc protected carboxylic acid was coupled with
compoundl6 according to the procedure for the synthesis aipmund3 from compoundd and2 in
section 4.1.2.1., then thE-Boc portion of the resulting amide was deprotecéedording to the
procedure for the synthesis of compouhfiiom compound in section 4.1.2.2followed by reduction
of the amido portion with BEHSMe to afford the title produ@5 according to the procedure for the
synthesis of compountb from compoundl4 in section 4.1.3.5. Overall yield was 11%. CompbR5:

'H NMR (270 MHz, DMSOsds) 39.60 (1H, br s), 7.28-7.09 (5H, m), 6.60 (1HJ &, 8.6 Hz), 3.96 (1H,
d,J = 16.3 Hz), 3.63 (1H, dl = 16.5 Hz), 2.98-2.75 (4H, m), 2.70-1.78 (12H, I$0—1.40 (2H, m).
Monocitrate of compoun@5s: MS (ESI positive) m/z: 429, 427 (M+H)IR (KBr): 1719, 1585, 1477,

1448, 1296, 1186 crh Anal. (GsH,7BrN,O- GHgO;) C, H, N.
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41.9. Synthesis of 3-{(2,3-dihydro-1'H-spiro[indene-1,4'-piperidin]-1'-yl)methyl}-1,2,3,4-
tetrahydroisoquinolin-8-ol (27). A mixture of compoun@5 (salt free, 140.0 mg, 0.328 mmol), BGc
(179 mg, 0.820 mmol) and 2 N NaOH (5.0 mL, 10 mniol},4-dioxane (5.0 mL) was stirred at room
temperature underNor 4 days. The reaction mixture was washed wi® K20 mL) and brine (20 mL),
dried over anhydrous N&Q,, filtered and concentrated vacuoto give 145.6 mg oN-Boc compound
as a pale yellow amorphous solid (crude). A mixifréghe aboveN-Boc compound (145.0 mg, crude)
and 5% Pd/C (15 mg) in dry MeOH (20 mL) was stirstkdoom temperature undep Ht 1.0-4.0 atm
for 16 h [35]. After removal of the catalyst bytfdted through Celite pad, the filtrate was conat!
in vacuo The residue was purified by column chromatogra(silica gel, CHCI,/MeOH/25% aqueous
ammonia = 400:10:1) to afford 64.3 mgteft-butyl 3-{(2,3-dihydro-1H-spiro[indene-1,4piperidine]-
1'-yl)methyl}-8-hydroxy-3,4-dihydroisoquinolin-2()-carboxylate?26 in 44% from compoundb.

A mixture of compound26 (64.0 mg, 0.143 mmol) and 10% HCI solution in Me@-0 mL) was
stirred at room temperature under fdr 18 h, then concentratéd vacuo The residue was basified by
addig 2 N NaOH, then the resulting mixture was aoted with ACOEt (100 mL). The extract was
washed with brine, dried over anhydrous,8@;, filtered, and concentrated vacuoto afford 49.8 mg
of the title produc®7 in 100% yield as a brown amorphous sottd.NMR (270 MHz, CDC}) 7.28—
7.11 (4H, m), 6.92 (1H, dd,= 7.8 Hz,J = 7.7 Hz), 6.61 (1H, d] = 7.4 Hz), 6.55 (1H, d] = 7.9 Hz),
4.23 (1H, dJ = 15.8 Hz), 3.89 (1H, d} = 16.0 Hz), 3.20-3.05 (1H, m), 3.00—2.30 (10H|uding 2H, t,
J=7.2 Hz at 2.89 ppm), 2.20-1.90 (5H, m, includ2hty t,J = 7.3 Hz at 2.00 ppm), 1.60-1.47 (2H, m).
Monocitrate of compound@7: MS (ESI positive) m/z: 349 (M+H) IR (KBr): 3200, 1719, 1597, 1472,

1439, 1375, 1342, 1283 cinAnal. (GsHsoN20- GHsO7) C, H, N.

4.1.10. Synthesis of 3-{(2,3-dihydro-1'H-spiro[indene-1,4"-piperidin]-1'-yl)methyl}-1,2,3,4-
tetrahydroisoquinolin-6-ol (30).
4.1.10.1. tert-Butyl 3-(2,3-dihydro-1'H-spiro[indene-1,4'-piperidin]-1'-ylcar bonyl)-6-hydr oxy-

3,4-dihydroisoquinoline-2(1H)-car boxylate (29). A mixture of 6-hydroxy-1,2,3,4-
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tetrahydroisoquinoline-3-carboxylic ack® (500 mg, 2.59 mmol) that was prepared by repartethod
[24], BogO (622 mg, 2.85 mmol), and anhydrous,Gi@; (1.4 g, 13 mmol) in 1,4-dioxane (10 mL) and
H,O (20 mL) was stirred at room temperature undgfdk 3 days. The reaction mixture was acidified
with 2 N HCI (pH 3) and extracted with AcOEt (150 nThe combined extracts were washed with
H,O (50 mL) and brine (50 mL), dried over anhydrowsQ@Os;, filtered, and concentrated vacuoto
give 760 mg oN-Boc derivative as a colorless amorphous solidtainimg a by-product that would be
N,O-di-Boc derivative of compoun2B (not isolated).

A mixture of the above Boc derivatives (144 mg,dey 2,3-dihydrospiro[indene-1;giperidine]
hydrochloride (100 mg, 0.447 mmol), WSCI (94 mgi92 mmol), dry EN (0.07 mL, 0.492 mmol),
and HOBT (66 mg, 0.492 mmol) in dry DMF (5 mL) wstgred at room temperature for 4 days. The
reaction mixture was diluted with AcOEt (100 mL)ashed with HO (30 mL), dried over anhydrous
NaSOy, filtered, and concentrated vacuoto give 340 mg of yellow gum. The residue was fediby
column chromatography (silica gel, hexane/AcOEtH f afford 159.2 mg of the title produ2® as a
white amorphous solid in 77% yield from 2,3-dihyspo[indene-1,4piperidine] hydrochloride’H
NMR (270 MHz, CDC}) 09.23 (1H, br s), 7.80-7.67 (1.5H, m), 7.47—7.36K{l m), 7.25-7.10 (2.5H,
m), 6.86 (0.5H, dJ = 7.9 Hz), 6.70-6.53 (1H, m), 5.40-5.20, 5.05-4&%l 4.18-3.93 (total 5H, each

m), 3.45-2.70 (6H, m), 2.15-1.40 (15H, m, includ@dy s at 1.47 ppm); MS (EI direct) m/z:"M62.

4.1.10.2. 3-{(2,3-Dihydro-1'H -spiro[indene-1,4'-piperidin]-1'-yl)methyl}-1,2,3,4-
tetrahydroisoquinolin-6-ol (30). After deprotection oN-Boc group of compoung@9 was performed to
afford (2,3-dihydro-H-spiro[indene-1,4piperidine]-1-yl)(6-hydroxy-1,2,3,4-tetrahydroisoquinolin-3-
yl)methanone according to the procedure for théhggis of compound from compound in section
4.1.2.2., the amido portion of the resulting compbwvas reduced with BF-:SMe to afford the title
product30 according to the procedure for the synthesis afipmund15 from compoundl4 in section

4.1.3.5. Overall yield was 63%. Compous@® *H NMR (270 MHz, DMSOdg) §9.05 (1H, br s), 7.30-
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7.10 (4H, m), 6.83 (1H, d} = 8.3 Hz), 6.55-6.46 (2H, m), 3.84 (2H, s), 3.0242(4H, m), 2.65-1.78
(12H, m), 1.50-1.40 (2H, m).

This solid (53.5 mg) was converted to citric acdt similar to that described above to afford 7
of citric acid salt as a white amorphous solid. Maitrate of compoun80: MS (EI direct) m/z: M 348.

IR (KBr): 1720, 1578, 1508, 1477, 1456, 1389, 130842 cni’. Anal. (GsHaaN0- GHsO7) C, H, N.

4.1.11. Synthesis of 1'-{(3,4-dihydro-2H-chromen-3-yl)methyl}-2,3-dihydro-1'H-spiro[indene-
1,4'-piperiding] (33).

41.11.1. 1'-(3,4-Dihydr 0-2H-chromen-3-ylcar bonyl)-2,3-dihydro-1'H -spiro[indene-1,4'-
piperidine] (32). To a mixture of 2,3-dihydrospiro[indene-tpiperidine] hydrochloride (89.5 mg
0.400 mmol), chromane-3-carboxylic acid (92.7 m§20 mmol), WSCI (127.3 mg, 0.664 mmol), and
HOBT (101.7 mg, 0.664 mmol) was added dnyNet174pL, 1.25 mmol) in dry DMF (3.0 mL) at room
temperature under NThe reaction mixture was stirred at room tempeeatunder N for 24 h. The
reaction mixture was partitioned between diethizleet(15 mL) and KD (15 mL). The ethereal layer
was separated, and the aqueous solution was edragth diethyl ether (15 mix 2). The ethereal
layers were combined, dried over anhydrous MgSfhd concentratech vacuo The residue was
purified by PTLC (silica gel, hexane/AcOEt = 3:1aswerformed to afford 101.7 mg of the title praduc
32in 73% yield."H NMR (300 MHz, CDC}) 7.25-7.07 (6H, m), 6.90-6.83 (2H, m), 4.70-4.34,(2
m), 4.16-3.96 (2H, m), 3.39-3.12 (3H, m), 2.96 (BH,= 7.50 Hz), 2.90-2.79 (2H, m), 2.12 2H) &

7.50 Hz), 1.83-1.58 (4H, m).

4.1.11.2. 1'-[(3,4-Dihydr 0-2H-chr omen-3-yl)methyl]-2,3-dihydro-1'H -spiro[indene-1,4'-
piperiding] (33). To a solution of compound& (101.7 mg, 0.293 mmol) in anhydrous THF (5.0 mL)
was added LAH (24.4 mg, 0.643 mmol) é&t@under N. The reaction mixture was stirred at the same
temperature for 30 min, allowed to warm to room germature, and stirred for 1 day. The reaction

mixture was cooled to TC, AcOEt (15 mL) was added dropwise under $lirred at CC for 10 min,
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allowed to warm to room temperature, and stirrgdlftr. The mixture was cooled tc°G, ice-cooled
H.O (25 mL) was added dropwise, and the resultingunixwas stirred at @C for 1 h. The organic
layer was separated, and the aqueous layer wasctdrwith ACOEt (25 mix 4). The organic layers
were combined, dried over anhydrous MgS&nd concentrateith vacuo The residue was purified by
PTLC (silica gel, hexane/AcOEt = 5:1) to afford @@ng of the title producd3 in 93% yield.'H NMR
(300 MHz, CDC}) J7.24-7.05 (6H, m), 6.87—6.80 (2H, m), 4.36—4.34, (fn), 3.90-3.83 (1H, m),
2.91-2.80 (5H, m), 2.58-1.50 (12H, m}-Toluenesulfonic acid salt formation: Compound33 (90.4
mg, 0.271 mmol) and one equivalent of 4-toluenesudf acid monohydrate (51.6 mg, 0.271 mmol) was
dissolved in dry MeOH (30 mL) and dry @El, (30 mL), and the resulting solution was stirredaatm
temperature under,Nor 2 h, then concentratéd vacuo The residue was suspended in dry,Chk-dry
hexane—anhydrous 3, and concentrated vacuo The resulting solid was collected by filtratiend
dried under vacuum at 60 °C for 2 h to afford 11§ ah4-toluenesulfonate salt as a white solid. Mono

4-toluenesulfonate of compoud: Anal. (GsH27/NO-GHsgOsS) C, H, N.

4.1.12. High-speed parallel synthesis of 1'-(substituted methyl)-spiro[indane-1,4'-piperidine]
derivatives using amidation followed by reduction for multi-analog productions.

(1) Reaction. To carboxylic acid (7gmol) in 1,2-dichloroethane (0.5 mL) was added 1,2-
dichloroethane (0.5 mL) solution of 2,3-dihydrosfimdene-1,4piperidine] hydrochloride (5umol)
and dry E4N (50 umol), then added\-cyclohexylcarbodiimideN'-methyl PS resin (42 mg, 1Q0mol).
The reaction mixture was then stirred at room tawatpee for 23 h. The reaction mixture was filtered
and washed with MeOH (1 mL), then the eluate wadyaed by LS/MS and concentrated to dryness by
N, gas blow and vacuum centrifuge to give crude anmtermediate. To crude amide (pdnol) in
anhydrous THF (0.5 mL) was added 1 M solution ofHLA& EtO (250 umol/250 yL). The reaction
mixture was then stirred at room temperature forri. The mixture was quenched byCH(20 pL)
and 10% MeOH-CKCl, (1 mL), then filtered through anhydrous JS&, (1 g) and Si@ (100 mg)
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column preconditioned with 10% MeOH-@El, (0.5 mL) solution, and then washed with 10%
MeOH-CHCI, (1.5 mL). Dispersion of reagents (to set reactiandl filtration (after reaction) were
performed by hand and by a Gilson 215 liquid handespectively. The eluate was analyzed by LS/MS
and concentrated to dryness by &s blow to afford the desired product. In caseas needed, the
products were purified with preparative LC/MS toegihe desired products as formate form or sadt-fre
form dependent on the purification condition. (2PWLC/LC-MS method. (i) Analytical condition:
equipment: Waters 2690; column: Shiseido C18 UG8B8C18 MG120, 5um, 4.6 x 50 mm; column
temp: 40°C; detector: photodiodearray (210-400 nm); flovd hL/min; solvent (a) as acidic condition,
A: 0.1% HCQH; B: MeOH, gradient; solvent (b) as basic conditid: 10 mM aqueous NJDAc; B:
MeOH, gradient; MS condition: ionization method: IE@ositive). (ii) Preparative conditions:
equipment: Shimadzu LC10 system or Waters prep L&dystem; column: Shiseido C18 SG120n%
20 x 50 mm; column temp: 4TC; flow: 1.0 mL/min; solvent (a) as acidic conditjcA: 0.1% HCGQH,;
B: MeOH, gradient; solvent (b) as basic conditién, 10 mM aqueous NKDAc; B: MeOH, gradient;
peak detection: UV 250 nm.

In the parallel synthesis utilizing the above peoofo(1) and (2), a formate salt of-[{1,2,3,4-
tetrahydronaphthalen-2-yl)methyl]-2,3-dihydridispiro[indene-1,4piperidine] 38 was prepared from
2,3-dihydrospiro[indene-1'4iperidine] hydrochloride and 1,2,3,4-tetrahydnoimidalene-2-carboxylic

acid.

4.2. Biology

4.2.1. Characterization of NOP receptor antagonistsin vitro.
In vitro studies of synthetic compounds for hNOP recepiadibg affinities and humap receptors
binding affinities, and for antagonist activitiegainst N/JOFQ stimulated®35]GTR/S binding were

conducted [6,7,25].
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4.2.1.1. Materials. The hNOP receptor transfected human embryonic ekid(HEK)-293 cell
membranes and the humpnreceptor transfected Chinese hamster ovary (CHOg#&IL membranes
were purchased from Receptor Biology Inc., respelti [PHIN/OFQ (150 Ci/mmol), FS]GTR/S
(1060-1150 Ci/mmol) and wheatgerm agglutinin (WGaintillation proximity assay (SPA) beads
were obtained from Amersham Pharmacia Biotech Katd PHJDAMGO (54.0 Ci/mmol) was

NI'M

provided from NEN™ Life Science Products Inc., respectively. NJOFiram Peptide Institute Inc.

DAMGO was from Sigma-Aldrich, respectively.

4.2.1.2. Evaluation of receptor binding affinities to hNOP receptor and human W receptor. All
competitive displacement analysessg@ndK;) for the hNOP receptor and humgnreceptor were
performed in duplicate in a 96-well plate usingcmsllation proximity assay (SPA), respectivelyftéy
the reaction, the assay plate was centrifuged Gi0lrpm for 1 min, and then the radioactivity was
measured by a 1450 MicroB&¥a(Wallac) liquid scintillation counter. g values were calculated by
nonlinear regression with the software GraphPadnPwersion 4.0 (GraphPad Software, Inc., San
Diego, USA), respectivel\K; values were calculated by the following equati§ns ICso/(1 + [L)/Kp),

where [L] is the radiolabeled ligand concentratmulKp is the dissociation constant.

4.2.1.2.1. hNOP receptor binding assay. The hNOP receptor membranes (8¢ were incubated at
25 °C for 45 min with 0.4 nM*H]N/OFQ, 1.0 mg of WGA-SPA beads, and six differeancentrations
of compounds (I8*-10°M, 10-fold) in a final volume of 0.2 mL of 50 mM HEES buffer, pH 7.4,
containing 10 mM MgGland 1 mM EDTA. Nonspecific binding was determirgdthe addition of 1
UM unlabeled N/OFQ. Approximately 900 cpm of totalding were obtained, of which 3.3% was the

non-specific binding.
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4.2.1.2.2. Human p receptor binding assay. The humanu receptor membranes (38y) were
incubated at 25 °C for 45 min with 1.0 nKHJ[DAMGO, 1.0 mg of WGA-SPA beads, and six different
concentrations of compounds (10-fold) in a finaluwwe of 0.2 mL of 50 mM Tris—HCI buffer, pH 7.4,
containing 5 mM MgCGl. Nonspecific binding was determined by the additad 1 uM of unlabeled
DAMGO. Approximately 240 cpm of total binding weobtained, of which 9.6% was the non-specific

binding.

4.2.1.3. Evaluation of antagonist activities against N/OFQ-stimulated [**S|GTPyS binding.
[**S]GTRS binding to the hNOP receptor expressed HEK-298 membranes was performed
according to the method of SPA G-protein-couplemepéor assay provided by Amersham Biosciences
with slight modification. For evaluation of antagem activities (I1Gg), the membranes were incubated
at 25 °C for 1.5 h with 10 nM N/OFQ and various @antrations of compounds in assay buffer (400 pM
[**SIGTHS, 5uM GDP, 20 mM HEPES, 100 mM NaCl, 5 mM MgClL mM EDTA, pH 7.4)
containing 1.5 mg of WGA-SPA beads in a final voumf 200uL. All assays were performed in
duplicate. Each compound was tested at six diffecencentrations ranging from 0.1 nM to iM.
Membrane-bound radioactivity was detected by dkititn counting using Wallac 1450 MicroBéta
Basal binding was determined in the absence ofitigand non-specific binding (NSB) was determined
by the addition of unlabeled 1AM GTPyS. Percent basal was defined as (stimulated binding
NSB)/(basal binding — NSB) x100%. d¢value of each compound against 10 nM N/OFQ stitedla

binding was calculated by nonlinear regression WwitaphPad Prism version 4.0, respectively.

4.3. Pharmacokinetic study in vitro

4.3.1. General.
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The apparatus of HPLC system was Agilent 1100 HBY€fem, and MS/MS system was API-300 or
API-3000. The analytical column was YMC polymer 28) x 75 mm. The mobile phase consisted of
10 mM aqueous AcONHand CHCN (20:80, v/v) or of 0.05% aqueous TFA andsCN (20:80, v/v)
was run at a flow rate of 0.35 mL/min. The coluramperature was at 40 °C (ambient temperature with

air conditioning, 24-25 °C). The sample in coluntueat was detected by MS/MS.

4.3.2. Metabolic half-life valuesin human liver microsomes.

Test compounds (1.uM) were incubated in human liver microsomes (poolagman liver
microsomes; protein concentration: 1.0 mg/mL) watB mM MgC}, 0.1 M NaKHPQ (pH 7.4), and
NADPH-regenerating factors at 37 °C for variouseason 96-deep well plates (final volume Q0.
An aliquot of samples (5QL) was collected at 0, 5, 15, 30, and 60 min afteubation and extracted

with CH3;CN. The extracted samples were measured by HPLBABSYstem [3,5-7].

4.4. Evaluation of hERG potassium ion channel bindingsin vitro

Cell paste of HEK-293 cells expressing the hERGIpecb was suspended in 10-fold volume of ice-
cold wash buffer (50 mM Tris base, 10 mM KCI, anch MgCl,, adjusted pH 7.4). The cells were
homogenized using a Polytf®momogenizer (Kinematica Inc.), and centrifugedi@000 xg for 20
min at 4 °C. The pellet was resuspended, homogerird centrifuged once more in the same manner.
The resultant supernatant was discarded, and niaé gellet was resuspended (10-fold volume of ice-
cold wash buffer) and then homogenized. The menebhemmogenate was aliquoted and stored at —80
°C until use. The all manipulation was done on & stock solution and equipment were kept on ice
at all the time. For the saturation assay, experimeere conducted in a total volume of 2Q0in 96-
well plates by Skatron method. It was determinednioybating 2QuL of [*H]dofetilide and 16QuL of

hERG homogenate (25—-3f protein/well) at 22 °C for 60 min in incubationffer. Total and non-

41



specific bindings (in the presence of M dofetilide) were determined in duplicate in a ganof
[*H]dofetilide concentrations (1-50 nM). The incubas was terminated by rapid vacuum filtration
over 0.2% polyethyleneimine soaked glass fibeeffigaper using a Skatron cell harvester followed by
three washes with ice-cold filtration buffer (50 mivis base, 10 mM KCI, and 1 mM MgChdjusted
pH 7.4). Receptor-bound radioactivity was quardifig/ liquid scintillation counting using Packard LS
counter. For the competition assay, 96-well platese used, and a final assay volume was 200
Various concentrations of test compounds |{2Pwere incubated in duplicate with 5 n¥H]dofetilide

(36 puL), 1 mg/well SPA beads (34L) and 20ug protein of hERG homogenate (1{10) at 22 °C for 60
min in the incubation buffer. Nonspecific bindingsvdetermined by 1AM dofetilide (20uL). After

the incubation, it was left for 3 h for settlingdas. Channel-bound radioactivity was quantified by
scintillation counting using Wallac MicroBeta plateunter. To define the radioligand concentrat&,
puL of the radioligand was mixed with Scintillatioroaktail (Packard Aquasol-2, 3.5 mL) and the
radioligand was counted on a Packard liquid st¢atitin analyzer (TRI-CARB 2700TR). All the
binding data were analyzed by nonlinear regressith the software GraphPad Prism version 4.0

(GraphPad Software, Inc.) [3,5,7,25].

Appendix. Supplementary material

Supplementary data associated with this articlebeafound in the online version. These data irelud

MOL files and InChiKeys of the most important compds described in this article.
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Scheme L egends

Scheme 1 Synthesis of compounsl Reagents and conditions: (a) WSCI, HOBTNGEICH,CI,; (b)

10% HCI/MeOH; (c) LAH, THF, OC to room temp.

Scheme 2 Synthesis of compountb. Reagents and conditions: (a) NaH, DMFQto room temp;
(b) 0°C to room temp; (c) concd HCI, AcOH, reflux; (dyrwalin, HO, 90°C; (e) BogO, 2 N NaOH,
1,4-dioxane; compound?, see text; (f) WSCI, HOBT, Bl, CH,Cl,; (g) TFA, THF, 0°C to room

temp; (h) BH-SMe, THF, room temp to reflux.

Scheme 3 Synthesis of compoundE, 19, 20, 21, and 22. Reagents and conditions: (a) WSCI,
HOBT, EgN, DMF-THF, —20 °C to room temp; (b) 10% HCI/MeOf) LAH, THF, 0°C to room

temp; (d) LAH, THF; (e) KMnQ@, MgSQ,, acetone—kD; (f) AcCl, EgN, CH,Cl,, room temp to reflux.

Scheme 4 Synthesis of compoun@8 and25.

Scheme 5 Synthesis of compound® and30. Reagents and conditions: (a) BO¢2 N NaOH, 1,4-

dioxane; (b) H (1-4 atm), 5% Pd/C, MeOH; (c) 10% HCI/MeOH; (d)dB0, NaCO;s, 1,4-dioxane—

H,0; (€) WSCI, HOBT, BN, DMF.

Scheme 6 Synthesis of compound®3. Reagents and conditions: (a) WSCI, HOBTNEtDMF; (b)

LAH, THF, 0°C to room temp.

SC



Scheme 7 High-speed parallel synthesi$ compound$6 and38. Reagents and conditions: (a}NEt
1,2-dichloroethane, then filtration; (b) i) LAH, B-THF; ii) H,O, 10% MeOH-CHECly; iii) Na,SO,—

SiO, column.

Scheme 8 Design of 3-{[4-(4-fluoro-2-methylphenyl)piperidib-ylJmethyl}-tetrahydroisoquinoline

analog#l.
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Tables

Table 1: Structure—activity relationships of binding affie to human recombinant NOP receptor and
human recombinanft receptorin vitro and antagonist activities against human recombiiN®DP

receptor in vitro for (4-arylpiperidine substituted-methyl)-[bicycli (hetero)cycloalkanobenzene]

analogs.
Invitro
Human Antagonism against
NOP Human  Selectivity ratio N/OgQ-stimu%ted
Compounds: R-R? receptor  M.receptor  of receptor (5S|GT
binding’ _binding’ _ binding bindin
No R R— K (nM) K (nM) W/NOF ICs0 (NM)
CH, N N
5 3.56 342 96.1 58.8
F
H
CHs N N
15 \%/OH 3.13 >450 >143 28.7
F

>250 >450 - NT®

H
7. N
s (N0 fﬁ
H
N I N ]
19 8.50 225 26.5 248
Me
%

20 18.9 58.2 3.08 NT
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o (@]
T ZT pd

Z
ZT
o
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T

& &

>250

29.8

2.20

1.74

2.40

10.2

5.65

5.55

231

74.4

68.8

139

288

392

49.1

289

<0.924

2.50

31.3

79.9

120

38.4

8.69

52.1

NT

NT

213

35.1

53.9

227

122

683

& Compounds, 15, 18-23, 25, 27, 30, and33: prepared by manual synthesis; compo88dprepared
by high-speed parallel synthesis.

b K; values for compounds were measured by displaceafdfti]N/OFQ binding to hNOP receptor
expressed in HEK-293 cells and 8H[DAMGO binding to humaru receptor expressed in CHO-K1
cells, respectivelyK; =
concentration 0.4 nMKp = 0.135 nM; fHIDAMGO as humaru receptor agonist, concentration 1.0
nM, Kp = 0.821 nM.

ICso/(1+[radioligand]Kp). Radioligands:3H]N/OFQ as hNOP receptor agonist,



¢ The selectivities of hNOP receptor antagonistsnstiiiumaru receptor were calculated as the ratios
of theKj values for humamp receptor to th&; values for hNOP receptor.

4 Antagonism G, values for compounds were measured as inhibitotiyity against {°S]GTR/S
binding toa-unit of G-protein due to binding of N/JOFQ to hN@#eptor expressed in HEK-293 cells.

®NT, not tested.

Table 2. Structure—metabolic stability relationships of Halés in human liver microsome and
structure—activity relationships of hERG channehdmg affinities in vitro for (4-arylpiperidine

substituted-methyl)-[bicyclic (hetero)cycloalkanakene] analogs.

Half-life hERG channel
Compounds: RR? in HLM®  bindingin vitro®

No R— min ICso (NM)

CHs N
6.9 200

F

RE—
H
%
H
CHs N N
15 \%OH 21.6 970
F cl
H

N \
19

Me

N I N \f/ d
21 NT 6,960
Ac
N \[ N?
22 NT 500

6.6 >1,500

O
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15.3

9.6

12.2

18.0

3.1

NT

1,730

1,000

940

340

1,500

71% @1uM

& Compoundss, 15, 19, 21-23, 25, 27, 30, and 33: prepared by manual synthesis; compoG8d

prepared by high-speed parallel synthesis.

P Half-lives of these compounds in human liver mioms were measured by HPLC/MS/MS.

® ICsp values for these compounds were measured by dispknt of fH]dofetilide binding to
potassium channel from hERG products expressedk-2B3 cells.

4 NT, not tested.
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Smaller and simpler structure
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Novel hNOP receptor antagonists



The highlights of this article are as follows:

Novel small-molecule NOP receptor antagonists were designed, prepared, and evaluated.
Compound 15 exhibited high potency and high selectivity as a NOP receptor antagonist.
Contributing-factors for potency/selectivity of NOP receptor antagonist are suggested.
Contributing-factors for metabolic stability are suggested.

Contributing-factors for reducing hERG channel binding affinity are suggested.



