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Abstract:

Management of moderate to severe pain by clinicaslgd opioid analgesics is associated
with a plethora of side effects. Despite many éffdrave been dedicated to reduce undesirable
side effects, moderate progress has been madeisiwork, starting from Tramadol, a series of
3-((dimethylamino)methyl)-4-hydroxy-4-(3-methoxyphy) piperidine-1-carboxamide derivatives
were designed and synthesized, and theivitro andin vivo activities were evaluated. Our
campaign afforded selectiye opioid receptor (MOR) ligan@a (K; wor: 7.320.5 nM;K| por:
849.4496.6 NMK; or: 49.146.9 nM) as potent analgesic with &bf 3.1 mg/kg in 58 hot
plate model. Its antinociception effect was blockgdopioid antagonist naloxone. High binding
affinity toward MOR of compoun@a was associated with water bridge, salt bridge rdyen
bond and hydrophobic interaction with MOR. The hagthectivity of compoun@a for MOR over
& opioid receptor (DOR) and opioid receptor (KOR) was due to steric hindraoteompound
2a with DOR and KOR.2a, a compound with novel scaffold, could serve aeaa for the
development of novel opioid ligands.

Keywords. Selective MOR agonists; Antinociception; AnalgesiQpioids; Molecular
mechanism

I ntroduction

Management of moderate to severe pain in clinitisdrdieavily on opioid analgesics due to
their effectiveness in relieving pain. Clinicallgad opioids were divided into three categories,
naturally derived morphinans such as Morphine, ssmthetic morphinan analogues such as
Oxycodone, Hydromorphone, and synthetic narcotalgasics, such as Fentanyl, Tramadol and
Pethidine Figure 1)™. However, despite their desirable effectivenessritelioration of pain,
continued use of opioids was associated with éhptatof undesirable effects including, but not
limited to, respiratory depréés’, tolerancé!, dependence or abl®econstipatioff!, nausea and
vomiting”. In addition, overdose related mortality in Amerincreased exponentially in recent
years mainly due to prescription or illegal use opfioid€®*®. Thus, analgesics with potent
antinociception effect and without or with reducgide effects were in great demand in clinical
practice. Many efforts have been devoted to theeldgwment of analgesics with reduced
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undesirable effects, such as combination therapggohist and antagoriist, new formulation
strateg{* **. These efforts led to moderate improvement.

Opioids elicited its analgesic effect via activgtinopioid receptor (MORY" **. The opioid
receptors belonged to G protein coupling recegBRPER) and generally were categorized into
three subtypes: MOR, opioid receptor (DOR) and opioid receptor (KORY?. Recently, it was
found that Gbiased MOR agonists that do not recr@iarrestin 2 displayed improved
antinociception effect and less side effects sushcanstipation, respiratory inhibition and
toleranc&”?*! The most advanced drug was biased MOR agonistlBR\Figure 1), which was
not approved by FDA due to its safety conééit, presumably its addiction liabilf. In
addition, it has been reported thatbBased KOR agonists were superior to balanced KOR
agonists in antinociception and do not induce $edatnd anhedonia-like actidffs?®. Several
biased KOR agonists have been reported but noneritased clinical trial to dadf&>¢. Many
strategies targeting none opioid receptors suctoraghannel, enzyme, for the management of
moderate to severe pain, have been reported, bnéwdreatments were available in the market
to dat&®” %

As part of our continued interest in developinglgesics, Tramadol was selected as lead
compound for its moderate side effects and paipwiglg effects. Recently, modification of
Tramadol afforded selective MOR agonists and DORnags™® *°! Herein, we reported the
design, synthesis, structure activity relationshipand antinociception of
3-((dimethylamino)methyl)-4-hydroxy-4-(3-methoxypiyd)-N-phenylpiperidine-1-carboxamide
(2a). Also, binding pose of compour2d with MOR was proposed.
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Figure 1 Structure of clinically used opioids and TRV130.
Compound design
Tramadol’s moderate analgesic effect and metabiylizbile property were associated with
large oral dosing (100 mg) and relatively shortation (every 4~6 hours), respectivéty
Furthermore, the maximum dose of tramadol was 4@0 p@r day, suggesting its potential
relatively high toxicity’. “Message-address concept”, proposed by SchwyrdO7#?, has
been extensively used in the design of opioid lkifganwith varied selectivity over opioid
receptor§®“®l For example, the upper part of compouhda balanced MOR/DOR ligand,
corresponds to “message”, while the bottom parborgd to “address” that determined its
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selectivity Figure 2)*". By carefully examining the structure of Tramadblyas proposed that
meta-methoxyphenyl and dimethylamine correspond to ‘sage” part Figure 2). Therefore, it
would be interesting to probe where the “addresst pf tramadol derivatives is and position 4 of
cyclohexane ring of tramadol would be a good sfeot. the ease of synthesis, carbon atom of
position 4 was replaced by nitrogen. Then pheny employed to probe the “address” part and
urea group was selected as linker to add hydrogenrdand receptor with an aim to enhance its
activity and hydrophilicity. As a result, compoufid was designedHjgure 2). To confirm our
preliminary hypothesis, compour was docked into the active site of MOR and thedlibig
mode was shown ifrigure 3A. Compound2a fitted into the binding pocket of MOR well.
Multiple interactions including water bridge, hydem bond and salt bridge interaction were
observed for compoun®h, suggesting that it would bind to MOR tightly ahence enhance its
activity. In addition 2a aligned with Tramadol well and phenyl attachingntivogen extended into

a hydrophobic pocketF{gure 3B). Based on above hypothesis and docking studiemgan
substitution patterns were explored and finally poomd2a~2r were designedjgure 2).
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Figure 3 Binding mode oPa with MOR and alignment of Tramadol wiffa. (A: Binding mode
of 2a with MOR. 2a was shown in sticks, greeB: Alignment of Tramadol witl2a. Tramadol
was shown in sticks, light blue.)
Chemistry

Synthesis of target compounds were showifrigure 4, Figure 5 andFigure 6. Initially,
synthetic route shown ifrigure 4 was employed. Hydroxyl in compour8iwas protected by
triethylsilyl (TES) using triethylchlorosilane (TE$ in the presence of imidazole to affofd
which reacted with isocyanafeto give6. Compounds was deprotected in tetrabutylammonium
fluoride (TBAF) to give free base, which underwesatit formation to get hydrochlorid2d.
However, several disadvantages were obvious. Rimgegroup TES was not stable, makidg
undergo deprotection at room temperature. Isocganate highly toxic and many are not
commercially available. Therefore, synthetic roirteFigure 5 was devised and implemented.
Phenyl chloroformate opara-nitrophenyl chloroformate reacted with amines twegs™®,
followed by reaction with3 to obtain9. Free bas® reacted with HCI to giva~2c, 2e~2r.
Compoundl2 reacted with phenyl phenylcarbamate to dites free base, which underwent salt
formation with HCI to givel2 (Figure 6). All final compounds were confirmed Bii NMR, *C
NMR and HRMS.
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Figure 4 Initial synthesis of compour2t. (a) TESCI, imidazole, DCM; b) TEA, DCM’0~R.T;
¢) TBAF, THF, R.T. d) HCI/Dioxane.)
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Figure 5 Modified route for the synthesis of compowad-2c, 2e~2r. (a) NaHCQ, THF/H,0,
R.T.; b) TEA, DMF, R.T.; c) HCl/Dioxane.)
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Figure 6 Synthesis ol2 (a) TEA, DCM, R.T.; b) HCl/Dioxane, R.T.)
Resultsand Discussion

55 °C hot plate model is a reliable animal model extehg used in the evaluation of
compounds acting on pain perception via centratoes systemt&”. It's readily available in our
lab. Therefore, we employed a combination stratefgiy vitro binding affinity andin vivo 55°C
hot plate model screening simultaneously. Evaluatin animal model was first tested at dosage
10 mg/kg via intraperitoneal injection. Compounikattdisplayed full antinociception (Maximum
possible effect% (MPE%) was 100%) was further stidn detail. Compounds that showed
partial antinociception (defined as MPE% <100%d@&img/kg will not investigate further.

Binding affinities of target compounds were evaddhin radioligand binding assay and
summarized irmable 1. Tramadol showed weak binding affinities for thoggoid receptors and is
in consistent with literatuf¥. Compounda with phenyl ring attached to nitrogen displayeghhi
affinity (Ki = 7.3 £ 0.5 nM) and selectivity for MOR over DORdaKOR. Its high binding for
MOR further confirmed our hypothesis. Compo@adisplayed full antinociception at dose of 10
mg/kg in hot plate model. Substitution of phenythwibenzyl group afforde@b, which showed
sharply decreased binding for three receptors. Triikated that benzyl with higher flexibility
and longer chain was incompatible with three remepin the sub-pocket. Adding methyl to the
metabolically labile benzyl position ga?e. Compound2c also showed lower binding for MOR
as well as KOR in compare wihh and abolished affinity for DOR. Compoug and2c showed
partial antinociceptioim vivo.

We next turn our attention to explore substitutjpeitterns on phenyl ringVieta-chloro
bearing2d displayed one-fold decrease in affinity for MORdatb-fold decrease for KOR, but
increase for DOR in comparison fa. Also, compound2d was a selective ligand for MOR.
Deleting hydrogen bond donor #d by adding methyl group yielde2e. Compound2e showed
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substantially decreased binding for three opioideptors, suggesting hydrogen bonding was
favorable in this position. Movingneta-chloro to para position @f), or multi-substitution in
phenyl @g and2h) decreased their binding for MOR and KOR greatlgdmparison t@d, and
abolished affinity for DOR. Compourftl~2h showed partial antinociception vivo. Substitution

of meta-chloro with fluoro lead t@i. Compoundi showed decreased binding for MOR and DOR
as well as abolished activity for KOR. Howev@r,showed potent antinociception vivo. In
consistent with2g and 2h, multi-substitution2j and 2k showed low binding for three opioid
receptors.Meta-bis(trifluoromethyl) andB-naphthyl substitution gav@l and 2m, respectively.
Compound?l and2m showed abolished activities for MOR and low birgdfor DOR and KOR.
Adding hydrogen bond acceptor ester group to thi€2tyand?2p) displayed no improvement in
affinities for three receptors.

It has been reported that binding pockets of opieiteptors were exposed to extracellular
sidd®***. The nitrogen substitution corresponded to thedtess” part igure 2). We next
explored the “address” pocket by adding bulky ad#giand gave?p, 2g and2r. Unfortunately,
it turned out thaPp~2r showed decreased or abolished binding for opietkptors, indicating
that adamantyl is too bulky for these receptorserai, 2j~2r showed partial antinociceptian
vivo.

Table 1 Binding affinities of compoungéa~2r

O\
HO
N/
|
N
R/go
Ki (nM) or Inhibition at uM (%) ? In vivo
Compounds R - s 5 L e
MOR DOR KOR activity
Tramadol -- 6.0+0.4% 0% 0% --
DAMGO h 2.30+0.02 ND' ND -
DPDPE - ND 2.30+0.69 ND -
U50488 - ND ND 0.91+0.20 -
H
2a @"f 7.3+0.5 849.4+96.6  49.1+6.9 100%
2b @” N 35.1+4.4%  2.6£2.9%  5.1+4.0% partial
2 @ﬂu% 20.545.5% 0% 4.146.7% partial
H
2d °'\©/"‘ff 14.1+2.7 537469.3  718.6+197.0  partial
|
2e °'©"£ 8.7+3.7% 0% 14.0+9.7% partial
H
N:f .
2f 48.8+3.9% 0% 22.1+10.7% partial
Cl/©/



H
Cl N{ .
29 46.0+£5.4% 0% 18.2+1.9% partial
Cl

Cl Hg’
2h m]@/ 13.2+8.0% 0% 0% partial
Cl
H
2i ‘\@"i 36.7+7.4%  9.2+7.8% 0% 100%
H
. F. N£ .
2 13.6+13.1% 16.4+10.6% 0% artial
j B0 p
H
2k °'I>/"§ 25.0+13.3% 21.6£13.4%  7.145.0% partial
F
H
FiC Ny
2l \Q/ 0% 0.9% 8.6+4.8% partial

2m ":ﬁ 0.5% 0% 3.9% partial

‘HrNH
2n N 10.2+9.0% 0% 0% partial
2 iy 2.3% 16.0412.4%  9.2+3.1% tial
(0] s\ °~ 570 .0£12.4% 213.1% partia
5
HN}‘/‘
2 @ 13.5+4.8% 0% 17.9+4.8%  partial
M
2 b 32.8+5.5% 0% 10.4+102% partial
HNi
or @ 0% 1.9% 0% partial

a. Values are expressed as the mean + SEM for thaspendent experiments performed in triplicate. b
Displacement of®H] DAMGO from the CHO cell membrane expressing jihapioid receptor. c. Displacement of
[*H] DPDPE from the CHO cell membrane expressing&tapioid receptor. D. Displacement ¢H] U69593
from the CHO cell membrane expressing thepioid receptor. e. 5% hot plate model, i.p., mice, n=4~5. f. Not
determined.

Compounds2a and 2i were potent in 55C hot plate model at 10 mg/kg dose after
intraperitoneal injectionTable 1). Lowering dose to 5 mg/k@a was more potent that (Figure
7). In addition, compoun#a produced longer duration action thzirin this model. Therefor@a
was selected as candidate for further study. Comgb8a dose dependently prolonged latency of
mice to noxious stimuli in 558C hot plate modelRigure 8), and ER, was determined as 3.1
mg/kg. In contrast, Tramadol showed partial anticemtion activity up to 50 mg/kg. Furthermore,
analgesic effect of compour2é was blocked by nonselective opioid antagonistxaie Figure
9). Taken high selectivity of compourgh for MOR and its antagonism effect by naloxone
together, we assumed tt2at produced its antinociception mainly via MOR.
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Figure 7 Comparison of antinociception 8& and2i at 5 mg/kg. (55 hot plate model, mice, i.p.,
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Figure 8 Antinociception ofa (55°C hot plate model, mice, i.p., n= 9~14; shown wasnn for
2a and 15 min for tramadol.)
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Figure 9 Antinociception oRa was antagonized by naloxone. Naloxone was injected
intraperitoneally 10 min before dosing2z. (55°C hot plate, mice, i.p., N=7~8; p<0.0001: ****:
p<0.001: ***)
Tramadol acted as a prodrug and its active metabislD-demethyl produch 1% %558 As
tramadol does, thoug®a binds to MOR tightly ; = 7.3+£0.5 nM), theD-demethyl product ofa
might be active to MOR. To verify it, it®-demethyl metabolitd2 was synthesized and its
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vitro activities were evaluated. As shownTiable 2, compoundl2 showed high binding affinity
and selectivity for MORK; mor: 1.220.14 nM) and its activity for MOR was tendgbotent than
that of M 1. In addition, compound2 showed seven-fold potent in binding activity foOR than
compound2a (Table 1). Also, compoundl2 showed high potency for MOR and moderate
potency for DOR and KOR, rendering it to be a deledMIOR agonist Table 3). Thesein vitro
data gave us hint thaa may elicits itdn vivo antinociception via botBa and12.

Table 2 Binding affinities of compouri® for three opioid receptors

Inhibition at 1uM (%) orK; (nM) @

Compounds - - S DOR/MOR KOR/MOR
MOR DOR KOR
Tramadol 6.0+0.4% 0% 0% -- --
M1 13.0+0.5 19.0£2.3%  20.2+0.1% - -
12 1.2+0.14 103.60+0.90  71.38+4.03 86.3 59.5

a. Values are expressed as the mean + SEM for thaspendent experiments performed in triplicate. b
Displacement of®H] DAMGO from the CHO cell membrane expressing jihapioid receptor. c. Displacement of
[®*H] DPDPE from the CHO cell membrane expressing&tapioid receptor. D. Displacement ¢H] U69593
from the CHO cell membrane expressingittapioid receptor.

Table 3 Functional activity in stimulating’§] GTR/'S binding of compounti2

[S*°] GTPYS assay

Compounds MOR DOR KOR
ECso(NM) *  Enax(%) EGso (M) Emax(%0)  EGo(nM)  Enax(%)

M1 2447 nM 225.7% ND ND ND ND
DAMGO 8.06+0.75 205.0+2.05 ND ND ND ND
DPDPE ND ND 1.43+0.15 231.3£7.05 ND ND
u50488 ND ND ND ND 2.77+0.08 199.5+6.30

12 2.3+0.12 240.0+0.8 112.2+7.2 254,1+45.3  110.44#5.3 6.683.8

a.Potency and efficacy in stimulatingg] GTP/S binding to CHO cell membranes stably expressingiep
receptors. Data are expressed as the mean + SkMdeagfendent experiments performed in triplicate\dit.
determined due to low stimulation.
Binding modes and selectivity of 2a on MOR

As shown inTable 1, compound?a showed high binding affinity and selectivity forQR
over DOR and KORK; yor: 7.320.5 nM;K| por: 849.4+96.6 nMK; kor: 49.1£6.9 nM). We next
investigated the intrinsic reasons of its high bigdand selectivity. Engagement of Hand 0"*
has been reported to be involved in the activatimtess of MOR. As shown Figure 3A, in
consistent with morphine and its derivative, whére phenol hydroxyl engaged in hydrogen
bonding with H->? via two water molecules, oxygen of methoxy gronferiacted with B2
Protonated nitrogen of dimethylamine participated salt bridge interaction with 9% As
suggested in structure activity relationship exation, NH in urea group also engaged in the
interaction with B3* via hydrogen bonding, highlighting its importanfe its high binding
affinity. Carbonyl oxygen in urea group hydrogemted with S57. Phenyl attaching to nitrogen
extended into the hydrophobic pocket flanked by*¥alGIn*%°, Th® Phé® and Trp'®
(Figure 10A). All these forces contributed to its high bindifay MOR. To further explain the
selectivity of2a to MOR over KOR and DOR, the sequences alignmeiiriding site of MOR
with DOR and KOR were conducted. As showrfigure 10E, three residues in positions 3.11,
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7.15 and 7.35 among three opioid receptors areerdiit and thus makes the shapes and
electrostatic potential of active sites differeigre 10C and 10D), leading to different
pharmacological profile d?a in three opioid receptor subtypes. It underlieshigh selectivity of

2a for MOR over KOR and DOR.

A Val238(A)

Tyr150(A)
Met153(A)

His299(A

Tyr328(.~\§
\’aISOZ(:)[%

Asp149(A)

Thr122(A)

M

E O 0 % ® @ m ® & &8 &8 M © & & ® = & - 0 M
82 E =233 08088 aS3Iel-a83
ggrfifdrfimmnmmmmmmewet\l\l\h

MOR D S T F Q NWVIDVYMKVWIHVWIY
DOR -- - T F Q KWV I DYVYMKVWIHYV I Y
KOR -- - T F Q VWV I DYVYMKVWTIMHI I Y

Figure 10 Binding modes of compourih with opioid receptors A: Dimensional diagram dfa
with MOR. B: Electrostatic potential map @& with MOR. 2a was shown in sticks, gree@:
Electrostatic potential map @k with DOR.D: Electrostatic potential map 8& with KOR.E:

The sequences alignment in active binding site ®Rvvith KOR and DOR.)

Conclusion

In  summary, using Tramadol as a lead compound, ariesse of
3-((dimethylamino)methyl)-4-hydroxy-4-(3-methoxypiyd)-N-phenylpiperidine-1-carboxamide
derivatives were designed, synthesized and theivitees were evaluatedh vitro andin vivo.

Furthermore, the structure activity relationshipswextensively exploredn vitro andin vivo

screening afforded highly selective MOR liga2al(K; mor: 7.320.5 nM;K; por: 849.4+96.6 nM;

Ki kor: 49.1£6.9 nM) as potent analgesic in %5 hot plate model in mice and Epwas 3.1

mg/kg. Its antinociception was antagonized by nlesige antagonist naloxone. Water bridge,

salt bridge, hydrogen bond and hydrophobic intewacith MOR contributed to compourig’s
high affinity for MOR. After alignment of sequencas binding sites of three opioid receptors,
steric hindrance oPa with DOR and KOR explained its high selectivity flOR. Due to its
potentin vivo analgesic effect, as well as ease of syntheswimparison to naturally-derived
morphinans, compounga could serve as a novel scaffold for the develognoémovel opioid
ligands that might combat morphine-like side efect

Experimental section

General aspects
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All chemicals and solvents were supplied by TarsoolAdamas or other suppliers and were
used without further purificatiomHNMR and '*CNMR spectra were recorded on Varian-400
instrument, Bruker-600 MHz instrument, respectiv@lgoton coupling patterns were described as
singlet, doublet, triplet, quartet, multiple, ancbdd. Mass spectra were generated with electric
spray ionization (ESI) produced by an analyticalildm 1200 liquid chromatography-mass
spectrometer tandem instrument. High-resolution smagectrometry (HRMS) spectra were
recorded with an AB 5600+ Q TOF instrument.

Chemical synthesis
1-(4-(3-methoxyphenyl)-4-((triethylsilyl)oxy)piperidin-3-yl)-N,N-dimethylmethanamine (4)
To a 250 ml three neck flask equipped with nitroggrs balloon, constant pressure dropping
funnel and thermometer was charged \8itfi0 g, 33.22 mmol, 1 eq.), imidazole (20.35 g,.288
mmol, 9 eq.), DCM (100 ml). The resulting clearutimn was cooled with ice water bath and
triethylchlorosilane (35.06 g, 232.6 mmol, 7 eqdswadded under 0. After the addition, the
coolant was removed and the mixture was stirrednigiet. Reaction mixture was added slowly to
sodium bicarbonate solution (100 ml) and stirred 6 min. Then the aqueous phase was
extracted with DCM three times (75+25+25 ml). Tloenbined organic layers were washed with
water (20 ml), dried over anhydrous magnesium teylffiltered and evaporated under reduced
pressure to give 36.7 g yellow oil, which was sotgd to A}O; fast column chromatography to
yield 10.2 g pale yellow oil and used without fiettpurification. LC-MS: ESI[M + H]*379.1.
N-(3-chlorophenyl)-3-((dimethylamino)methyl)-4-(3-methoxyphenyl)-4-((triethylsilyl)oxy)pip
eridine-1-carboxamide (6)
To a 50 ml three neck flask equipped with nitrogas balloon, constant pressure dropping funnel
and thermometer was added witi{0.6 g, 1.59 mmol, 1 eq.), DCM (6 ml), TEA (0.1§31.91
mmol, 1.2 eq.). The mixture was cooled t8G%nd a solution of 1-chloro-3-isocyanatobenzéne (
0.244 g, 1.59 mmol, 1 eq.) in DCM (2 ml) was addeopwise under ¥. The reaction mixture
was stirred for 3 h. After the completion of reantiwater (25 ml) and DCM (10 ml) were added.
The organic layer was separated by funnel. Theratjueous phase was extracted with DCM (15
ml). The organic layers were combined, washed water (10 ml) and evaporated under reduced
pressure to give 1.1 g pale yellow oil, which unekmt fast column chromatography to afford 0.8
g pale yellow oil and used without further puritica.
N-(3-chlorophenyl)-3-((dimethylamino)methyl)-4-hydroxy-4-(3-methoxyphenyl)piperidine-1-
carboxamide hydrochloride (2d)
To a 50 ml flask was adde&l(0.75 g, 1.41 mmol, 1 eq.), THF (8 ml) and TBAF,8H(0.67 g,
2.114 mmol, 1.5 eq.). The mixture was stirred anmrademperature overnight. The reaction was
monitored by TLC (DCM: MeOH = 15:1, v/v). After theaction, the THF was removed by
evaporation under reduced pressure and Najoition (30 ml) was added. The aqueous phase
was extracted with DCM (15+15 ml). The combinedanig layers were washed with water (20
ml), dried over MgSQ filtered and evaporated under reduced pressugvid 0.8 g residue,
which was purified by column chromatography to givé6 g off-white solid. The resulting solid
was recrystallized in IPA: EA: PE (0.5 ml: 0.5 ral5 ml) to obtain 0.47 g off-white solid. Then
0.35 g off-white solid, DCM (3.5 ml) and Methan®.§ ml) were added to 50 ml flask. To the
clear solution was added HCl/dioxane (0.25 ml, &.60nol, 1.2 eq.) and then MTBE (5 ml) was
added dropwise. After stirring for 4 hours, 0.3affjwhite solid was collected by filtration (yield
64%)."H NMR (400 MHz, CROD), § 7.64~7.65 (m, 1H), 7.37~7.39 (m, 1H), 7.33 (t, 8 Hz,
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1H), 7.22~7.26 (t, 1H), 7.4~7.15 (m, 1H), 7.09J¢; 4 Hz, 1H), 7.01 (ddJ = 8 Hz,J = 4 Hz,
1H), 6.86 (dd,J = 8 Hz,J = 4 Hz, 1H), 4.43~4.68 (m, 1H), 4.08~4.12 (m, 1HB13(s, 3H),
3.38~3.45 (m, 1H), 3.24~3.34 (m, 1H), 3.01~3.06 H), 2.72~2.75 (m, 4H), 2.57 (s, 3H),
2.38~2.44 (m, 1H), 2.17~2.25 (m, 1H), 1.71~1.76 {H). *C NMR (150 MHz, CROD) &
159.50, 155.24, 146.62, 140.56, 133.13, 128.86,762821.67, 119.48, 117.71, 116.39, 111.47,
110.50, 72.41, 56.62, 53.68, 42.90, 40.53, 39.8%¥B LC-MS-ES|+: [M + H]418.2. HRMS
(ESI), calcd for G,H,sCIN3O3 [M + H]*, 418.1892; found, 418.1888.

General procedurefor the synthesisof 8

Take the synthesis of phenyl naphthalen-2-ylcartbaren) as example

To a 100 ml three neck flask equipped with thermemeas added naphthalen-2-amine (2 g,
13.97 mmol, 1 eq.), THF (20 ml), NaHG@..41 g, 14.67 mmol, 1.2 eq.) and cooled%6.0rhen

a solution of phenyl chloroformate (1.84 g, 14.6mah 1.05 eq.) in THF (10 ml) was added
dropwise under%. The reaction was monitored by TLC. After comipletof the reaction, THF
was removed by evaporation under reduced presBhecaqueous phase was extracted with ethyl
acetate (50+25 ml). The combined organic layerseweasished with brine (20 ml), dried over
anhydrous magnesium sulfate, filtered and evaponateler reduced pressure to give 3.5 g brown
solid, which was subjected to crystallization in:BE& (1:2 / v:v, 45 ml) to give 3 g off-white solid
(yield 81.5%).*H NMR (400 MHz, CDC}), 5 8.07 (s, 1H), 7.76~7.86 (m, 3H), 7.39~7.50 (m, 5H)
7.22~7.29 (m, 3H), 7.13 (m, 1H). LC-MS-ESM + H]" 264.1, [M + Na] 286.1.

General procedurefor the synthesisof 2 and 12

Take the synthesis of
3-((dimethylamino)methyl)-4-hydroxy-4-(3-methoxyphyd)-N-(naphthalen-2-yl)piperidine-1-car
boxamide hydrochloride2(n) as example.

To a 100 ml flask was add&d0.6 g, 2 mmol,1 eq.), DCM (10 ml), TEA (0.71 gnmol, 3.5 eq.)
and the resulting mixture was stirred till the cdetipn of reaction. Water (30 ml) was added and
extracted with DCM (10+10 ml). Organic layers weoenbined, washed with water (10 ml), dried
over anhydrous magnesium sulfate, filtered and enpd under reduced pressure to give 0.72 g
brown oil. The free base was purified by silica gglumn chromatography to obtain 0.45 g foam
(yield 51%). To a 100 ml flask was added the fraseb(.4 g, 0.923 mmol, 1 eq.), DCM (3 ml),
MeOH (1 ml) and to the resulting clear solution vealsled HCl/dioxane (0.35 ml, 1.384 mmol,
1.5 eq.). Then MTBE (20 ml) was added dropwiseeAétirring for 3 hours, the solid was filtered,
dried under reduced pressure to 0.38 g off-white(83.6%). 'H NMR (400 MHz, CRQOD), §
7.83 (s, 1H), 7.59~7.65 (m, 3H), 7.47~7.51 (m, 1HR6~7.30 (m, 1H), 7.17~7.23 (m, 2H),
6.94~7.02 (m, 1H), 6.73 (d,= 8 Hz, 1H), 4.36 (dJ = 12 Hz, 1H), 4.03 (dJ = 12 Hz, 1H), 3.68
(s, 3H), 3.29~3.36 (m, 1H), 3.06~3.21 (m, 1H), 203 = 12 Hz, 1H), 2.51~2.63 (m, 7H), 2.30
(m, 1H), 2.08~2.16 (m, 1H), 1.63 (d,= 8 Hz, 1H)."*C NMR (150 MHz, CROD) & 159.51,
155.80, 146.69, 136.52, 133.35, 129.64, 128.87,182726.50, 126.19, 125.22, 123.51, 120.64,
116.41, 116.02, 111.47, 110.53, 72.46, 56.66, 531898, 40.60, 39.93, 38.52. LC-MS-E9M

+ H]"434.3. LC-MS-ESI [M + H] 432.4, [M + CI] 468.3. HRMS (ESI), calcd for fH3:N505

[M + H]", 434.2438; found, 434.2437.

3-((dimethylamino)methyl)-4-hydr oxy-4-(3-methoxyphenyl)-N-phenylpiperidine-1-car boxa

mide hydrochloride (2a)

Phenyl phenylcarbamat8a)
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Off-white solid, yield: 95.2%'H NMR (400 MHz, DMSO-d6)$ 10.26 (s, 1H), 7.52 (d,= 8 Hz,
2H), 7.43 (tJ = 8 Hz, 2H), 7.33 (tJ = 8 Hz, 2H), 7.22~7.28 (m, 3H), 7.05 @7 8 Hz, 1H).
3-((dimethylamino)methyl)-4-hydroxy-4-(3-methoxypiyd)-N-phenylpiperidine-1-carboxamide
hydrochloride 2a)

Off-white solid, yield: 81.4%H NMR (400 MHz, CROD), § 7.44~7.47 (m, 2H), 7.25~7.35 (m,
3H), 7.01~7.15 (m, 2H), 6.68~6.88 (m, 1H), 4.4384(vh, 1H), 4.09~4.14 (m, 1H), 3.81 (s, 3H),
3.37~3.45 (m, 1H), 3.20~3.30 (m, 1H), 3.00~3.06 1hh), 2.65~2.75 (m, 7H), 2.37~2.44 (m, 1H),
2.18~2.26 (m, 1H), 1.72~1.76 (m, 1HJC NMR (150 MHz, CROD) & 159.49, 155.76, 146.69,
138.84, 128.85, 127.56, 122.20, 120.20, 116.39461110.51, 72.45, 56.66, 53.69, 43.00, 40.57,
39.86, 38.49. LC-MS-ESI [M + H]" 384.3. HRMS (ESI), calcd for &H,0Ns05 [M + H]",
384.2282; found, 384.2282.

N-benzyl-3-((dimethylamino)methyl)-4-hydr oxy-4-(3-methoxyphenyl)piperidine-1-car boxam
ide hydrochloride (2b)

Phenyl benzylcarbamat8hy)

Off-white solid, yield: 92%'H NMR (400 MHz, CDC}), § 7.31~7.41 (m, 7H), 7.11~7.26 (m, 3H),
5.37 (s, 1H), 4.44~4.51 (m, 2H). LC-MS-ESIM + H]" 227.1, [M + Na] 250.1, [2M + Na]
477.2.
N-benzyl-3-((dimethylamino)methyl)-4-hydroxy-4-(3etihoxyphenyl)piperidine-1-carboxamide
hydrochloride 2b)

Off-white solid, yield: 83.5%'H NMR (400 MHz, CROD), § 7.15~7.21 (m, 5H), 7.07~7.10 (m,
1H), 6.95 (dJ = 4 Hz, 1H), 6.87 (dJ = 8 Hz, 1H), 6.71 (dJ = 8 Hz, 1H), 4.26 (q, 2H), 4.13 (dd,
J1=12 Hz,J2 = 4 Hz, 1H), 3.78 (d) = 8 Hz, 1H), 3.66 (s, 3H), 3.15~3.25 (m, 1H), 3.03 &

12 Hz, 1H), 2.82~2.89 (m, 1H), 2.48~2.56 (m, 7H),222.15 (m, 1H), 1.99 (ndl = 16 Hz,J2 =

4 Hz, 1H), 1.52~1.56 (m, 1H}*C NMR (150 MHz, CROD) & 159.48, 157.95, 146.69, 139.56,
128.84, 127.37, 126.33, 125.90, 116.32, 111.40,50102.43, 56.60, 53.69, 43.28, 42.94, 40.40,
39.70, 38.28. LC-MS-ESI [M + H]" 398.3. HRMS (ESI), calcd for 8H3:Ns05 [M + H]",
398.2438; found, 398.2435.

3-((dimethylamino)methyl)-4-hydr oxy-4-(3-methoxyphenyl)-N-((S)-1-phenylethyl)piperidine
-1-carboxamide hydrochloride (2c)

Phenyl §-(1-phenylethyl)carbamat&c)

Off-white solid, yield: 94%H NMR (400 MHz, CDC}), § 7.26~7.41 (m, 7H), 6.97~7.21 (m,
3H), 5.34 (s, 1H), 4.89~4.97 (m, 1H), 1.55~1.60 8H). LC-MS-ESI: [M + H]"242.2, [M +
Na]"264.2, [2M + Na]505.3.
3-((dimethylamino)methyl)-4-hydroxy-4-(3-methoxyphyd)-N-((S)-1-phenylethyl)piperidine-1-c
arboxamide hydrochloride¢)

Off-white solid, yield: 83.3%'H NMR (400 MHz, CRQOD), § 7.22~7.24(m, 2H), 7.13~7.18(m,
3H), 7.05(s, 1H), 6.93(d,= 12 Hz, 1H), 6.85(dd]J1 = 16 Hz,J2 = 4 Hz, 1H), 6.68~6.70(m, 1H),
4.75~4.81(m, 1H), 4.14(d,= 16 Hz, 1H), 3.83(dJ = 16 Hz, 1H), 3.65(s, 3H), 3.14~3.17(m, 1H),
2.95~3.04(m, 1H), 3.83(,= 12 Hz, 1H), 2.50~2.58(m, 4H), 2.36~2.38(d, 3H)4+®.10(m, 2H),
1.53(d,J = 16 Hz, 1H), 1.33~1.38(m, 3H}’C NMR (150 MHz, CROD) § 159.47, 157.31,
157.23, 146.74, 144.86, 144.78, 128.82, 127.39,312725.75, 125.72, 125.12, 125.02, 116.35,
116.32, 111.41, 110.49, 110.46, 72.40, 56.62, 5466, 49.94, 43.04, 40.42, 40.37, 39.66,
39.58, 38.46, 38.23, 21.18, 21.05. LC-MS-E$M + H]"412.3. LC-MS-ESI [M + CI] 446.2.
HRMS (ESI), calcd for &H33NsO5 [M + H]*, 412.2595; found, 412.2591.
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N-(3-chlorophenyl)-3-((dimethylamino)methyl)-4-hydr oxy-4-(3-methoxyphenyl)-N-methylpi
peridine-1-carboxamide hydrochloride (2€)

4-nitrophenyl (3-chlorophenyl)(methyl)carbamae)(

Off-white solid, yield: 99%'H NMR (400 MHz, DMSO-d6) 8.28 (d,J = 8 Hz, 2H), 7.67 (s,
1H), 7.44~7.51 (m, 4H), 7.37 (d= 8 Hz, 1H), 3.38 (s, 3H). LC-MS-ES8I[M + H]*262.2, [M +
Na] 284.1.
N-(3-chlorophenyl)-3-((dimethylamino)methyl)-4-hydy-4-(3-methoxyphenyl)-N-methylpiperid
ine-1-carboxamide hydrochlorid2d)

Off-white solid, yield: 79%H NMR (400 MHz, CQOD), § 7.24~7.29 (m, 1H), 7.15~7.19 (m,
2H), 7.05 (dJ = 4 Hz, 1H), 6.92 (s, 1H), 6.87 (3= 8 Hz, 1H), 6.89~6.73 (m, 1H), 3.94 @5
12 Hz, 1H), 3.66 (s, 3H), 3.37 (@~ 12 Hz, 1H), 3.12 (s, 3H), 2.85~2.99 (m, 3H), 2.5282m,
4H), 2.41 (s, 3H), 2.18 (s, 1H), 1.80~1.88 (m, 1HR7 (d,J = 16 Hz, 1H), 1.15~1.19 (m, 1H).
%C NMR (150 MHz, CROD) & 160.55, 159.49, 147.00, 146.50, 134.00, 130.08,872 123.83,
122.58, 120.89, 116.24, 111.43, 110.44, 72.21,563.70, 43.80, 43.69, 41.78, 40.35, 39.96,
38.12, 37.51. LC-MS-ESI [M + H]" 432.2. HRMS (ESI), calcd for gH3CIN;O; [M + H]",
432.2048; found, 432.2039.

N-(4-chlorophenyl)-3-((dimethylamino)methyl)-4-hydr oxy-4-(3-methoxyphenyl)piperidine-1-
carboxamide hydrochloride (2f)

Phenyl (4-chlorophenyl)carbamaf)(

Off-white solid, yield: 54%H NMR (400 MHz, CDC}), & 7.34~7.45 (m, 4H), 7.23~7.30 (m,
3H), 7.11~7.20 (m, 2H). LC-MS-ES8I[M + H]" 248.1, [M + Na] 270.1.
N-(4-chlorophenyl)-3-((dimethylamino)methyl)-4-hydy-4-(3-methoxyphenyl)piperidine-1-carb
oxamide hydrochloride2f)

Off-white solid, yield: 91%H NMR (400 MHz, CRQOD), § 7.33 (d,J = 4 Hz, 2H), 7.18 (tJ = 8
Hz, 1H), 7.11 (dJ = 4 Hz, 2H), 6.99 (s, 1H), 6.94 (A= 4 Hz, 1H), 6.72 (ddJ1=8 Hz,J2= 4
Hz, 1H), 4.29 (ddJ1 = 12 Hz,J2 = 4 Hz, H), 3.93~3.97 (m, 1H), 3.66 (s, 3H), 3.20€E 12 Hz,
1H), 3.08~3.16 (m, 1H), 2.86~2.92 (m, 1H), 2.5702®, 4H), 2.4 (s, 3H), 2.25~02.28 (m, 1H),
2.03~2.11 (m, 1H), 1.59 (d} = 8 Hz, 1H).**C NMR (150 MHz, CROD) & 159.50, 155.39,
146.65, 137.85, 128.85, 127.45, 126.94, 121.26,3B16111.46, 110.52, 72.42, 56.64, 53.68,
42.99, 40.57, 39.84, 38.47. LC-MS-ESIM + H]"418.2. LC-MS-ESI [M + H] 416.2. HRMS
(ESI), calcd for G,H,sCIN3O3 [M + H]*, 419.1923; found, 419.1929.
N-(3,4-dichlorophenyl)-3-((dimethylamino)methyl)-4-hydroxy-4-(3-methoxyphenyl)piperidin
e-1-car boxamide hydrochloride (29)

Phenyl (3,4-dichlorophenyl)carbamagg)

Off-white solid, yield: 92.5%'H NMR (400 MHz, DMSO-d6)5 10.57 (s, 1H), 7.80~7.82 (m,
1H), 7.29~7.62 (m, 1H), 7.42~7.49 (m, 3H), 7.240713, 2H). LC-MS-ESI: [M+H]* 282.0.
N-(3,4-dichlorophenyl)-3-((dimethylamino)methyl)Mdroxy-4-(3-methoxyphenyl)piperidine-1-
carboxamide hydrochloridd)

Off-white solid, yield:82%.'H NMR (400 MHz, CROD), 5 7.67~7.69 (m, 1H), 7.23~7.29 (m,
2H), 7.16~7.23 (m, 1H), 7.00 (s, 1H), 6.95J¢; 16 Hz, 1H), 6.72 (d) = 16 Hz, 1H), 4.30 (d)

= 12 Hz, 1H), 3.96 (dJ = 12 Hz, 1H), 3.67 (s, 3H), 3.28 (t= 12 Hz, 1H), 2.52~2.61 (m, 7H),
2.26 (m, 1H), 2.04~2.11 (m, 1H), 1.60 s 12 Hz, 1H).**C NMR (150 MHz, CROD) § 159.50,
154.89, 146.62, 139.27, 130.95, 129.13, 128.85,4412420.94, 119.07, 116.40, 111.49, 110.51,
72.41, 56.63, 53.69, 43.09, 40.59, 39.78, 38.45MSESI: [M + H]'452.2,454.2. LC-MS-ESI
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[M + H]'450.2, 452.1. HRMS (ESI), calcd for,#,;ClLN;O; [M + H]*, 452.1502; found,
452.1500.

3-((dimethylamino)methyl)-4-hydr oxy-4-(3-methoxyphenyl)-N-(3,4,5-trichlor ophenyl)piperi
dine-1-car boxamide hydrochloride (2h)

Phenyl (3,4,5-trichlorophenyl)carbama8n)

Off-white solid, yield: 71.4%'H NMR (400 MHz, CDC}), § 7.96~8.00 (m, 2H), 7.42~7.43 (m,
2H), 7.25~7.30 (m, 2H), 7.11~7.15 (m, 1H), 7.0267(®, 2H), 6.87 (s, 1H). LC-MS-ESI[M +
Na]" 338.0, 340.0.
3-((dimethylamino)methyl)-4-hydroxy-4-(3-methoxypiyd)-N-(3,4,5-trichlorophenyl)piperidine-
1-carboxamide hydrochlorid@h)

Off-white solid, yield: 81%'H NMR (400 MHz, CRQOD), § 7.64 (s, 2H), 7.18 (d} = 8 Hz, 1H),
6.99 (s, 1H), 6.94 (dl = 4 Hz, 1H), 6.71 (dJ = 4 Hz, 1H), 3.3 (dJ = 4 Hz, 1H), 3.96 (ddJ1 =
16 Hz,J2 = 4 Hz, 1H), 3.68 (s, 3H), 3.26 (,= 12 Hz, 1H), 3.10~3.16 (m, 1H), 2.86~2.91 (m,
1H), 2.43~2.60 (m, 7H), 2.23~2.29 (m, 1H), 2.07 JinF 12 Hz,J2 = 4 Hz, 1H), 1.59 (d) = 12
Hz, 1H).**C NMR (150 MHz, CRQOD) 5 159.51, 154.52, 146.55, 139.39, 132.57, 128.8B,712
119.14, 116.38, 111.48, 110.51, 72.38, 56.57, 531BB9, 40.52, 39.92, 38.46. LC-MS-E9M

+ H]"486.1, 488.1. LC-MS-ESI[M + H] 484.1, 486.1. HRMS (ESI), calcd forfH,6ClsNz0;
[M + H]", 486.1113; found, 486.1100.

3-((dimethylamino)methyl)-N-(3-fluor ophenyl)-4-hydroxy-4-(3-methoxyphenyl)piperidine-1-
carboxamide hydrochloride (2i)

Phenyl (3-fluorophenyl)carbamaigi)

Off-white solid, yield: 85%H NMR (400 MHz, CDC}), § 7.21~7.28 (m, 3H), 7.08~7.14 (m,
2H), 7.02~7.05 (m, 2H), 6.91~6.95 (m, 2H), 6.6286(f, 1H). LC-MS-ESL [M + H]" 232.1,
[M + NaJ"254.1.
3-((dimethylamino)methyl)-N-(3-fluorophenyl)-4-hyaky-4-(3-methoxyphenyl)piperidine-1-carb
oxamide hydrochloride2)

Off-white solid, yield: 84%'H NMR (400 MHz, CRQOD), 5 7.265 (d,J = 8 Hz, 1H), 7.16~7.20
(m, 1H), 7.09~7.12 (m, 2H), 6.99 (s, 1H), 6.94Jd;, 4 Hz, 1H), 6.72 (ddJ1 = 8 Hz,J2 = 4 Hz,
1H), 6.58~6.61 (m, 1H), 4.28~4.31 (m, 1H), 3.94%3®, 1H), 3.67 (s, 3H), 3.24~3.31 (m, 1H),
3.08~3.17 (m, 1H), 2.86~2.92 (m, 1H), 2.52~2.61 @{H), 2.62 (m, 1H), 2.03~2.11 (m, 1H),
1.57~1.61 (m, 1H)**C NMR (150 MHz, CROD) & 162.31 (d,J = 241.5 Hz) 159.50, 155.25,
146.63, 141.01, 140.93, 128.85, 128.76, 116.38911411.47, 110.51, 108.14 (= 22.5 Hz),
106.46 (dJ = 25.5 Hz), 72.42, 56.63, 53.68, 42.88, 40.54, 3B8349. LC-MS-ESIL [M + H]"
402.2. LC-MS-ESI [M + H] 400.3, [M + CI]'436.2. HRMS (ESI), calcd for £HgFN;O3 [M +
H]*, 402.2187; found, 402.2184.

N-(3,4-difluorophenyl)-3-((dimethylamino)methyl)-4-hydr oxy-4-(3-methoxyphenyl)piperidin
e-1-car boxamide hydrochloride (2j)

Phenyl (3,4-difluorophenyl)carbamatg )

Off-white solid, yield: 87%H NMR (400 MHz, CDC}), § 7.32~7.38 (m, 1H), 7.25~7.30 (m,
2H), 7.11~7.17 (m, 1H), 7.03~7.09 (m, 2H), 6.9607(®, 1H), 6.86~6.93 (m, 2H). LC-MS-ESI
[M + H]*250.1, [M + Na] 272.1.
N-(3,4-difluorophenyl)-3-((dimethylamino)methyl)droxy-4-(3-methoxyphenyl)piperidine-1-
carboxamide hydrochloridej()

Off-white solid, yield: 81%'H NMR (400 MHz, CROD), § 7.51~7.56 (m, 1H), 7.33 @,= 8 Hz,
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1H), 7.17~7.19 (m, 1H), 7.09 (d= 8 Hz, 1H), 6.86~6.88 (m, 1H), 4.39~4.43 (m, 1HP54:4.10
(m, 1H), 3.81 (s, 3H), 3.41~3.48 (m, 1H), 3.25]( 12 Hz, 1H), 3.02~3.07 (m, 1H), 2.66~2.75
(m, 7H), 2.39~2.42 (m, 1H), 2.18~2.26 (m, 1H), 1(@4J = 8 Hz, 1H).**C NMR (150 MHz,
CD;0OD) 4 159.49, 155.25, 146.64, 136.06, 128.84, 116.36,741(d,J = 18 Hz), 115.56, 111.43,
110.51, 108.95 (dl = 21 Hz), 72.42, 56.62, 53.67, 42.78, 40.57, 39.85@& LC-MS-ESI: [M +
H]" 420.3. LC-MS-ES!I [M + H] 418.3, [M+CI] 454.3. HRMS (ESI), calcd for &H,7F,N303
[M + H]", 420.2093; found, 420.2091.

N-(3-chloro-4-fluor ophenyl)-3-((dimethylamino)methyl)-4-hydr oxy-4-(3-methoxyphenyl)pip
eridine-1-carboxamide hydrochloride (2k)

Phenyl (3-chloro-4-fluorophenyl)carbama8k)

Off-white solid, yield: 95.9%H NMR (400 MHz, CDC}), § 7.45~7.46 (m, 1H), 7.23~7.30 (m,
2H), 7.06~7.16 (m, 2H), 7.00~7.08 (m, 2H), 6.919619, 1H), 6.82 (s, 1H).
N-(3-chloro-4-fluorophenyl)-3-((dimethylamino)methpd-hydroxy-4-(3-methoxyphenyl)piperidi
ne-1-carboxamide (free base2ah)

Off-white solid, yield: 79%H NMR (400 MHz, CROD), § 7.629 (ddJ1= 6.8 Hz,J2 = 2.8 Hz,
1H), 7.244~7.326 (m, 2H), 7.070~7.122 (t, 2H), 8.0@,J = 7.6 Hz, 1H), 6.80 (dd]1 = 8.4 Hz,
J2 = 2.4 Hz, 1H), 4.307 (ddi1 = 13.6 Hz,J2 = 4 Hz, 1H), 4.036 (d] = 13.6 Hz, 1H), 3.755 (s,
3H), 3.356 (m,J1 = 13.2 Hz,J2 = 2.8 Hz, 1H), 3.168~3.230 (t, 1H), 2.803~2.86Q @H),
2.289~2.514 (m, 7H), 2.258~2.309 (m, 1H), 2.137 @¢h,= 13.6 Hz,J2 = 4.8 Hz, 1H),
1.644~1.693 (m, 1H). LC-MS-ESI[M + H]" 436.2; LC-MS-ESt [M-H] 434.2.
N-(3-chloro-4-fluorophenyl)-3-((dimethylamino)methpd-hydroxy-4-(3-methoxyphenyl)piperidi
ne-1-carboxamide hydrochlorid2k(

Off-white solid, yield: 76%*H NMR (400 MHz, CRQOD), § 7.706 (dd,J1 = 6.8 Hz,J2 = 2.8 Hz,
1H), 7.314~7.401 (m, 2H), 7.132~7.184 (m, 2H), 7.08,J = 7.6 Hz, 1H), 6.778 (ddl1 = 8 Hz,
J2 = 2.4 Hz, 1H), 4.411~4.458 (m, 1H), 4.087 1 6.6 Hz, 1H), 3.819 (s, 3H), 3.403~3.472 (m,
1H), 3.230~3.351 (m, 1H), 3.018~3.075 (m, 1H), R¥2758 (m, 4H), 2.585 (s, 3H),
2.378~2.432 (m, 1H), 2.183~2.262 (m, 1H), 1.71961.{m, 1H).**C NMR (150 MHz, CROD)

8 159.50, 155.27, 146.61, 136.09, 128.85, 121.78,751 116.37, 115.23, 115.09, 111.45, 110.51,
72.41, 56.61, 53.68, 42.84, 40.53, 39.89, 38.4ZMSSESI: [M + H]"436.2. LC-MS-ESI [M +

H] 434.2. HRMS (ESI), calcd for @H,7CIFN,O5 [M + H]*, 436.1798; found, 436.1794.
N-(3,5-bis(trifluoromethyl)phenyl)-3-((dimethylamino)methyl)-4-hydr oxy-4-(3-methoxyphen
yl)piperidine-1-carboxamide hydrochloride (21)

Phenyl (3,5-bis(trifluoromethyl)phenyl)carbamad (

Off-white solid, yield: 85%H NMR (400 MHz, CDC}), & 7.96~8.00 (m, 2H), 7.61~7.63 (m,
1H), 7.40~7.46 (m, 2H), 7.26~7.34 (m, 2H), 7.182712, 2H).
N-(3,5-bis(trifluoromethyl)phenyl)-3-((dimethylamojmethyl)-4-hydroxy-4-(3-methoxyphenyl)pi
peridine-1-carboxamide hydrochlorida)(

Off-white solid, vyield: 96.3%H NMR (400 MHz, CROD), 8 8.22 (s, 2H), 7.55 (s, 1H),
7.31~7.35 (m, 1H), 7.10~7.12 (m, 1H), 6.87J¢& 8 Hz, 1H), 4.51~4.54 (m, 1H), 4.13~4.17 (m,
1H), 3.82 (s, 3H), 3.42~3.49 (m, 1H), 3.28~3.35 1), 3.18~3.24 (m, 1H), 3.03~3.08 (m, 1H),
2.74~2.78 (m, 4H), 3.58 (s, 3H), 2.44 (m, 1H), 2229 (m, 1H)**C NMR (150 MHz, CQOD)

8 159.50, 154.52, 146.57, 141.57, 130.4)g, 33 Hz), 128.86, 123.76, 121.96, 118.71, 116.42,
114.06, 111.53, 110.51, 72.41, 66.10, 56.62, 534588, 43.17, 40.59, 39.74, 38.41, 7.18.
LC-MS-ESI': [M + H]*520.3. LC-MS-ESI [M + H] 518.3; [M + CI]'554.3. HRMS (ES]I), calcd
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for CouH27FgN3O3 [M + H], 520.2029; found, 520.2017.

3-(3-((dimethylamino)methyl)-4-hydr oxy-4-(3-methoxyphenyl)piperidine-1-car boxamido)thi

ophene-2-car boxylate hydrochloride (2n)

Methyl 3-((phenoxycarbonyl)amino)thiophene-2-carjlate @n)

Off-white solid, yield: 88%. NMR (400 MHz, CDC)), 5 9.90 (s, 1H), 7.89~7.91 (m, 1H),

7.47~7.52 (m, 1H), 7.39~7.46 (m, 2H), 7.24~7.311hh), 7.19~7.23 (m, 2H), 2.93 (s, 3H).

3-(3-((dimethylamino)methyl)-4-hydroxy-4-(3-methghenyl)piperidine-1-carboxamido)thiophe

ne-2-carboxylate hydrochlorid@r()

Off-white solid, yield: 90.8%'H NMR (400 MHz, CRQOD), § 7.77 (d,J = 8 Hz, 1H), 7.54 (d) =

8 Hz, 1H), 7.18 (t) = 8 Hz, 1H), 6.99 (s, 1H), 6.94 (d= 8 Hz, 1H), 7.72 (d) = 8 Hz, 1H), 4.20

(d,J =12 Hz, 1H), 3.85 (dJ = 12 Hz, 1H), 3.74 (s, 3H), 3.67 (s, 3H), 3.44J(t 12 Hz, 1H),

3.15~3.17 (m, 2H), 2.93~2.99 (m, 1H), 2.59~2.62 4iM), 2.53 (s, 3H), 2.31 (m, 1H), 2.09~2.16

(m, 1H), 1.65 (tJ = 12 Hz, 1H).**C NMR (150 MHz, CRQOD) 5 164.77, 159.52, 152.98, 146.40,

145.84,131.31, 128.90, 120.51, 116.35, 111.56471007.31, 72.30, 56.32, 53.69, 50.49, 42.43,

40.21, 38.26. LC-MS-ESI [M + H]* 448.3. HRMS (ESI), calcd for gH,gN30sS [M + HJ,

448.1901; found, 448.1896.

2-(3-((dimethylamino)methyl)-4-hydr oxy-4-(3-methoxyphenyl)piperidine-1-car boxamido)thi

ophene-3-car boxylate hydrochloride (20)

Methyl 2-((phenoxycarbonyl)amino)thiophene-3-carylate 8o)

Off-white solid, yield: 79%'H NMR (400 MHz, CDC}), § 10.57 (s, 1H), 7.39~7.43 (m, 2H),

7.19~7.29 (m, 4H), 6.75 (d,= 4 Hz, 1H), 3.91 (s, 3H).

2-(3-((dimethylamino)methyl)-4-hydroxy-4-(3-methghenyl)piperidine-1-carboxamido)thiophe

ne-3-carboxylate hydrochlorid2d)

Off-white solid, yield: 97.5%'H NMR (400 MHz, CQOD), § 7.19 (t,J = 8 Hz, 1H), 7.05 (dJ =

4 Hz, 1H), 7.00 (s, 1H), 6.95 (d,= 8 Hz, 1H), 6.73 (dJ = 8 Hz, 1H), 6.64 (dJ = 8 Hz, 1H),

4.19 (d,J = 12 Hz, 1H), 3.80 (dJ = 12 Hz, 1H), 3.74 (s, 3H), 3.67 (s, 3H), 3.44~3.47 LH),

3.19~3.26 (m, 1H), 2.95~3.10 (m, 1H), 2.58~2.63 Th), 2.33 (m, 1H), 2.11~2.19 (m, 1H), 1.68

(d, J = 16 Hz, 1H).*C NMR (150 MHz, CROD) & 165.94, 159.53, 152.33, 151.24, 146.31,

128.91, 122.63, 116.36, 114.15, 111.64, 110.44,04102.22, 66.10, 56.23, 53.70, 50.24, 42.43,

40.08, 38.13. LC-MS-ESI [M + H]* 448.3. HRMS (ESI), calcd for gH,gN30sS [M + HJ,

448.1901; found, 448.1896.

N-((3s,5s,7s)-adamantan-1-yl)-3-((dimethylamino)methyl)-4-hydr oxy-4-(3-methoxyphenyl)pi

peridine-1-carboxamide hydrochloride (2p)

Phenyl ((3s,5s,7s)-adamantan-1-yl)carbam@i (

Off-white solid, yield: 75%H NMR (400 MHz, CDC}), § 7.18~7.25 (m, 2H), 6.96~7.15 (m,

3H), 4.75 (s, 1H), 1.97 (s, 3H), 1.86~1.89 (m, 6HE3~1.58 (m, 6H). LC-MS-ESI[M + H]"

300.2, [M + Na] 322.2, [2M + Na] 621.4.

N-((3s,5s,7s)-adamantan-1-yl)-3-((dimethylaminoym8t4-hydroxy-4-(3-methoxyphenyl)piperi

dine-1-carboxamide hydrochlorid2p)

Off-white solid, yield: 99%H NMR (400 MHz, CQOD), § 7.17~7.22 (m, 1H), 6.90~6.97 (m,

2H), 6.71~6.75 (m, 1H), 4.06 (d= 12 Hz, 1H), 3.73 (dJ = 16 Hz, 1H), 3.67 (s, 3H), 3.07~3.12

(m, 1H), 2.95 (tJ = 12 Hz, 1H), 2.83~2.89 (m, 1H), 2.56~2.62 (m, 4H}%22(s, 3H), 2.18 (m,

1H), 1.99~2.04 (m, 1H), 1.94 (s, 9H), 1.59 (s, 6H%4 (d,J= 12 Hz, 1H), 1.17 () = 8 Hz, 1H).

¥C NMR (150 MHz, CROD) & 159.66, 159.47, 157.08, 146.85, 145.24, 129.18,8R2 116.35,
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116.13, 112.02, 111.41, 110.49, 110.40, 72.34,0{(66.71, 56.01, 53.77, 53.67, 50.82, 50.65,
45.87, 42.95, 42.52, 41.15, 40.36, 39.70, 39.433%88.28, 37.99, 35.61, 35.09, 34.39, 29.11,
28.38, 7.19. LC-MS-ESi [M + H]" 442.4. HRMS (ESI), calcd for gHsNsO5 [M + H]",
442.3064; found, 442.3060.
N-(21-((3r,5r,7r)-adamantan-1-yl)ethyl)-3-((dimethylamino)methyl)-4-hydr oxy-4-(3-methoxyp
henyl)piperidine-1-carboxamide hydrochloride (2q)

Phenyl (1-((3r,5r,7r)-adamantan-1-yl)ethyl)carbaar@ty)

Off-white solid, yield: 93.5%H NMR (400 MHz, CDC}), § 7.333~7.394 (m, 2H), 7.128~7.200
(m, 3H), 4.883 (dJ = 5 Hz, 1H), 3.436~3.477 (m, 1H), 2.018 (s, 3H), 650746 (m, 12H),
1.109~1.158 (m, 3H). LC-MS-ESI[M + H]"300.2, [M + Na] 322.2, [2M + Na] 621.4.
N-(1-((3r,5r,7r)-adamantan-1-yl)ethyl)-3-((dimethghino)methyl)-4-hydroxy-4-(3-methoxypheny
lpiperidine-1-carboxamide(free base2of

Off-white solid, yield: 24.3%'H NMR (400 MHz, CQOD), § 7.28~7.37 (m, 1H), 7.01~7.11 (m,
2H), 6.84~6.87 (m, 1H), 4.18 (d,= 16 Hz,1H), 3.97 (dJ = 12 Hz, 1H), 3.80~3.85 (m, 3H),
3.60~3.65 (m, 1H), 3.32~3.39 (m, 1H), 3.09~3.17 1hh), 2.84~2.87 (m, 1H), 2.50~2.59 (m, 7H),
2.24 (m, 1H), 2.09~2.17 (m, 1H), 1.96~2.01 (m, 3HE9~1.76 (m, 14H), 1.08~1.13 (m, 3H).
LC-MS-ESI': [M + H]*470.3.
N-(1-((3r,5r,7r)-adamantan-1-yl)ethyl)-3-((dimethghino)methyl)-4-hydroxy-4-(3-methoxypheny
l)piperidine-1-carboxamide hydrochlorid2q]

Off-white solid, yield: 78%H NMR (400 MHz, CRQOD), § 7.17(t,J = 8 Hz, 1H), 6.94(d) = 4

Hz, 1H), 6.86~6.91(m, 1H), 6.71(ddl, = 8 Hz,J2 = 4 Hz, 1H), 4.15(dJ = 12 Hz, 1H), 3.80 (t]

= 16 Hz, 1H), 3.65 (s, 3H), 3.43~3.50 (m, 1H), 3.1233(m, 1H), 3.00 (t]J = 12 Hz, 1H),
2.82~2.91 (m, 1H), 2.53~2.59 (m, 4H), 2.39~2.433d), 2.15~2.17 (m, 1H), 2.01 (4]l = 16
Hz, J2 = 4 Hz, 1H), 1.84 (dJ = 4 Hz, 3H), 1.50~1.62 (m, 7H), 1.45 (s, 6H), 0.94¥0(m, 1H).
%C NMR (150 MHz, CROD) & 159.49, 158.10, 157.97, 146.80, 128.84, 116.36,25] 111.38,
110.52, 72.46, 72.41, 56.61, 56.55, 53.98, 53.86% 43.74, 43.69, 43.35, 43.09, 40.44, 40.40,
40.31, 40.08, 39.86, 38.42, 38.38, 37.86, 37.81598636.25, 35.86, 35.74, 35.59, 29.10, 27.93,
27.46, 12.88, 12.67. LC-MS-ES[M + H]" 470.4. HRMS (ESI), calcd for gH4aNsO5 [M + H]™,
470.3377; found, 470.3371.

3-((dimethylamino)methyl)-4-hydroxy-N-((1r,3s,5R,7S)-3-hydr oxyadamantan-1-yl)-4-(3-met
hoxyphenyl)piperidine-1-car boxamide hydrochloride (2r)

Phenyl ((1r,3s,5R,7S)-3-hydroxyadamantan-1-yl)caudta @r)

Off-white solid, yield: 87.8%'H NMR (400 MHz, CDC}), § 7.35 (t,J = 8 Hz, 2H), 7.19 (mJ =

8 Hz, 1H), 7.11 (dJ = 8 Hz, 2H), 4.99 (s, 1H), 2.30 @= 4 Hz, 2H), 1.99 (s, 2H), 1.93 (s, 4H),
1.70 (s, 4H), 1.52~1.61 (m, 3H).

3-((dimethylamino)methyl)-4-hydroxy-N-((1r,3s,5R )#&hydroxyadamantan-1-yl)-4-(3-methoxy
phenyl)piperidine-1-carboxamide hydrochlori@e)(

Off-white solid, yield: 94%H NMR (400 MHz, CROD), 5 7.19 (d,J = 8 Hz, 1H), 6.91~9.74 (m,
1H), 6.71~6.74 (m, 1H), 4.07 (d= 16 Hz, 1H), 3.75 (d) = 12 Hz, 1H), 3.67 (s, 3H), 3.06~3.14
(m, 2H), 2.96 (tJ = 12 Hz, 1H), 2.83~2.88 (m, 1H), 2.56~2.62 (m, 4H}%22(s, 3H), 2.18 (m,
1H), 2.10 (s, 2H), 1.96~2.04 (m, 1H), 1.79~1.89 @), 1.41~1.55 (m, 8H), 1.16~1.19 (m, 1H).
¥C NMR (150 MHz, CROD) § 159.47, 157.04, 146.83, 128.83, 116.35, 111.40,50] 72.34,
67.83, 56.72, 53.68, 53.15, 48.19, 45.88, 42.9864210.37, 39.91, 39.78, 38.28, 34.23, 30.17,
7.18. LC-MS-ESI: [M + H]" 458.4. LC-MS-ESI [M + CI]492.4. HRMS (ESI), calcd for
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CoeH3oN30,4 [M + H]*, 458.3013; found, 458.3004.
3-((dimethylamino)methyl)-4-hydr oxy-4-(3-hydr oxyphenyl)-N-phenylpiperidine-1-car boxam
ide (1)

Foam-like solid, yield: 60%H NMR (400 MHz, CD30D)p 7.39 (d,J= 8 Hz, 2H), 7.27 (t) =

8 Hz, 2H), 7.16 (tJ= 8 Hz, 2H), 7.02 (tJ = 8 Hz, 1H), 6.93 (dJ = 8 Hz, 2H), 6.66 (dJ = 8 Hz,
2H), 4.15 (ddJ1 = 12 Hz,J2 = 4 Hz, 2H), 3.22~3.34 (m, 3H), 2.27~2.33 (q, 1A}2~2.08 (m,
9H), 1.93 (d,J= 16 Hz,1H), 1.66 (d,J= 16 Hz, 1H).
3-((dimethylamino)methyl)-4-hydr oxy-4-(3-hydr oxyphenyl)-N-phenylpiperidine-1-car boxam
ide hydrochloride (12)

Off-white solid, yield: 94%'H NMR (400 MHz, CROD), § 7.44 (d,J = 8 Hz, 2H), 7.28 (d) = 8
Hz, 2H), 7.23 (dJ = 8 Hz, 1H), 7.04 (dJ = 8 Hz, 1H), 6.985 (d) = 4 Hz, 2H), 6.71~6.73 (m,
1H), 4.38~4.42 (m, 1H), 4.07~4.11 (m, 1H), 3.44 Xt= 12 Hz, 1H), 3.22~3.34 (m, 2H),
3.01~3.07 (q, 1H), 2.76~2.79 (m, 4H), 2.59 (s, 3434 (m, 1H), 2.21 (mM]1 = 12 Hz,J2 = 4 Hz,
1H), 1.75 (d,J = 16 Hz, 1H)."*C NMR (150 MHz, CROD) & 159.00, 157.93, 148.69, 140.88,
130.90, 129.82, 129.66, 124.32, 122.28, 117.29281913.47, 74.39, 58.70, 45.78, 44.92, 42.66,
42.13, 40.46. HRMS (ESI), calcd fopE,7N505 [M + Na]*, 392.1945; found, 392.1936.

Phar macology

Receptor binding assay

Cell membrane preparation followed the reportedcgdaré”. Ligand competition binding
experiments used®i]DAMGO (50.1 Ci/mmol) for ratu opioid receptor, H]DPDPE (52.7
Ci/mmol) for rat opioid receptor, 3H]JU69593 (39.1 Ci/mmol) for humar opioid receptor,
respectively. Binding assay was conducted in 50 Tmig-HCI buffer solution (pH 7.4) at 3¢
for 30 min in triplicate in a final volume of 0.51with 30 ug of membrane protein. Nonspecific
binding employed U50488H, DAMGO, or DPDPE at a @arimtion of 10uM. Radio ligand
bound membrane protein was separated by fasttifitravia GF/B filter paper under reduce
pressure. Then the radioactivity of filter papeswaied under oven and was determined by liquid
scintillation counting. Binding data ari§ values were calculated using GraphPad Prism 6.0
program.

[*S]GTPyS Binding assay

[**S]GTH/S binding assay was performed according to proeetkported befof€!. Membranes
(15 pg/sample) were incubated with 0.1 nNPg]JGTR/S (1030 Ci/mmol, PerkinElmer) in a
binding buffer consisting of 50 mM Tris-HCI, pH 74 mM EDTA, 5 mM MgC}, 100 mM NacCl,
and 40uM GDP at 30 °C for 1 h in the presence of incregsinoncentrations of compounds.
Nonspecific binding was determined in the presenfenonradioactive GRFS (10 uM).
Incubations were terminated by rapid filtrationddound radioactivity was determined by liquid
scintillation counting. The percentage of stimulaf@S]GTP'S binding was calculated according
to formula: 100x(Cpmmple_cpnhonspecifi()/(cpmaasarcpm10nspecifi<)- EC&O and Emax Were analyzed
and calculated with GraphPad prism 6.0 program.

Animals

Kunming strain female mice (18 ~ 22 g) were obtdifrem the Animal Holding Unit, School of
Pharmacy of Fudan University. Mice were housed riougs (6 mice/group) and raised in an
environment of 12 h light/dark cycle in a constmperature (20 ~ 2&). Mice were free access
to food and sterilized water. All animal experinemtere conducted under the guidelines of the
National Institutes of Health Guide for the Caredddse of Laboratory Animals using an
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approved animal protocol.
Hot plate antinociception test.
The hot plate test conducted according to repcp’tededur@sl. Hot plate was maintained for 55.0
°C for mice. Before dosing a drug, animal was plasedhe smooth hot plate surface to test its
latency threshold defined as time interval afteimah was put on the heated surface to licking
back paws and a cutoff time of 30 seconds was aiagd to prevent from mice injury. Mice with
latency threshold of 5~30 s were selected to furtlesing. Latency was measured twice before
dosing and mean value was defined as basal latAftey.dosing of drugs, latency threshold was
tested and a cutoff time of 60 seconds was maiddio prevent mice injury. Antinociception was
calculated by the following formula: maximum possibffect (MPE)%=100x (test latency—basal
latency)/ (cutoff time—basal latency). Ef#dose of drug that produce 50% MPE) were deterthine
using a computer-assisted linear analysis of thge-desponse curve. Antagonism effect was
conducted by dosing naloxone after 10 min befoug dnjection.
Molecular modeling
Homology modeling

Active homo sapiens MOR (sequence NO.: P35372) lwals from murine active MOR
(PDB NO.: 5C1M, resolution: 2.1 A) as template gsBiscovery Studio 3.5. Sequence identity
and sequence similarity of both receptors were%7 @8.3%, respectively. Active homo sapiens
DOR (sequence NO.: P41143) was built from homo esapiactive KOR (PDB NO.: 6B73,
resolution: 3.1 A) as template using Discovery ®tud.5. Sequence identity and sequence
similarity of both receptors were 93.9%, 98.1%pesdively. Ramachandran plot of active homo
sapiens MOR and DOR were shown below. Homo sai@# (PDB NO.: 6B73, resolution: 3.1
A) was employed.

PROCHECK PROCHECK

A Ramachandran Plot B Ramachandran Plot
6877683 3587186

180+

135+

90

Psi (degrees)
Psi (degrees)

590 135 180
Phi (degrees) Phi (degrees)

Ramachandran plot of Active homo sapiens MOR an®R[B®: MOR, optimum region 95.2%,

acceptance region 99.6%; DOR, optimum region 93.9%, acceptance region%®8.,1
Docking and plotting

Docking studies were performed in induce-fittingduate of Schrodinger 3.5. Pymol 0.99 was
employed in plotting.
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Highlights

1.

A series of
3-((dimethylamino)methyl)-4-hydroxy-4-(3-methoxypty®)piperidine-1-carboxamide
derivatives were designed based on “Address-messagept”.

Invitro andin vivo evaluation afforded compour2a as potent analgesic.
Compound?a was potent in hot plate model (&3 3.1 mg/kg).

Antinociception of compoun#a was blocked by naloxone.

Binding mode of compounga was proposed.
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