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BACE 1 (昌secretase), a membrane bound aspartic protease, is a key enzyme in the process of amyloid 
precursor protein (APP) into AQpeptide which is considered to play a causative role in Alzheimer's Disease 
(AD). Here, we reported the synthesis and inhibitory activity of optically active 3-amino-4-aryl-piperidines.
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Introduction

Alzheimer's disease (AD) is a progressive neurodegener- 
ative disease and mo아 common form of dementia affecting 
about 20 millions worldwide, which has clinical symptoms 
of memory loss, impairment of daily living activity, and 
ultimately leads to death.1 AD is characterized pathologi­
cally by deposition of senile plaques and neurofibrillary 
tangles found in the brain of post-mortem AD patients? 
Amyloid Q peptide (AQ, a major component of senile 
plaques, is derived from amyloid precursor protein (APP) by 
sequential endoproteolysis by Q Rid ^secretase?

Numerous evidences suggest that an excessive level of A。 
as soluble oligomers and filamentous fibrils initiate neuronal 
loss and play a causative role in the disease process.4 
Consequently, inhibition of AQ formation would prevent and 
suppress the development of AD, BACE 1 (Qsecretase),〉a 
membrane bound aspartic protease, is a key enzyme respon­
sible for APP processing into AQ peptide and thus consider­
ed a promising therapeutic target for the treatment of AD.6

Although numerous peptidomimetic BACE 1 inhibitors, 
derived from 아atiiie, hydroxyethylene, hydroxyethylamine, 
hydroxymethylcarbonyl, and aminoethylamine as a transi­
tion 아 ate mimic core m 아 if frequently found in other aspartic 
protease inhibitors, are highly active in enzymatic assay,7 
they would not be potential drug leads due to their poor cell 
permeability and bioavailability. Recently, endeavors to 
develop nonpeptide cell permeable BACE 1 inhibitors have 
been extensively studied, and various scaffolds such as 
isophthalamide, diphenylurea/ piperazine, and piperidine 
were reported to possess BACE 1 inhibitory activity.

4-Aryl-3-alkoxypiperidines have been reported to bind to 
carboxyl group of aspartic residue in the active site of 
human renin in a similar binding mode to the binding of 
peptidomimetic inhibitors derived from statin and amino­
statin and shown very potent activity against renin,12 but 
they have not been folly studied in the development of 
BACE 1 inhibitors.11 We anticipated new highly active non- 
peptidomimetic BACE 1 inhibitors could be developed by 
modification of piperidine scaffold with appropriate sub아i- 

tuents. In this study, we present the synthesis and BACE 1 
inhibitory activity of optically pure (3R)-amino-(4R)-aryl- 
piperidine derivatives.

Results and Discussion

Chemistry. 3-Amino-4-arylpiperidines 6, key precursors 
for construction of various substituted piperidines, were 
prepared from N-Boc-(L)-serine by modification of known 
literature procedure as shown in Scheme I.13

N
。人기二3

6a: X = H 
6b:X = Ph
6c: X = 4-Ph(3,,5,-F2)

Scheme 1. Reagents; (a) TBS-C1, Imidazole. DMF; (b) (i) CDI, 
THF, ii) ArMgBr, Cui; (c) MePPh3Br, Z-BuOK, THF; (d) TBAF, 
THF; (e)Ms-Cl, TEA, CH2C12; (f) (i) Allylamine, (ii) Trifuoroactic 
anhydride; (g) 2nd generation Grubbs Cat., CH2CI2； (h) ArB(OH)% 
Pd(PPh3)4, N&2CO3, aq.DME; (i)H2,Pd-C, MeOH; (j) TEA, CH2C12.
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3,5-F2Ph

Rl = 1-Naphthyl 
2-Naphthyl 
Isophthaloyl

R2 = H, 
Trifluoroacetyl

Scheme 2. Reagents; (a) ArCOCl, pyridine; (b) 2-Naphthalene- 
sulfonyl chloride, pyridine; (c) 3-Methoxybenzylbromide, K2CO3, 
DMF;(d)K2CO3,MeOH. ' '

Starting from Boc-L-serine, 2-aryl-3-amino-4-hydroxy-1 - 
butene 3, known precursors fbr 3-amino-4-aryl-piperidine 
ring 6, were readily prepared in four steps via protection of 
hydroxyl group to TBS ether, addition of aryl anion to 
activated acid," Wittig olefination of ketone 2, and 
deprotection of TBS ether. It is noteworthy that this 
procedure has an advantage over the reported method for the 
preparation of compound 3 in overall 8 steps.13 With an 
improved synthesis of alcohol 3 in hand, the remaining 아eps 
to (3R)-amino-(4R)-aryl-piperidine 6 were undertaken as 
known procedure: transformation of hydroxyl group to the 
corresponding mesylate, substitution with allylamine, and 

followed by protection with trifluoroacetic anhydride to 
afford diene 4. Ring closing metathesis of diene 4 with 2nd 
generation Grubbs cataly아 gave 3-z-Boc-amino-4-aryl- 
1,2,3,6-tetrahydropyridine 5. 4-Bromphenyl compound 5b 
was converted to corresponding 4-biaryl compound 5c and 
5d by a typical Suzuki coupling reaction with phenylboronic 
acid and 3,5-difluorophenylboronic acid, respectively. 
Finally, reduction of double bond and deprotection of Boc 
group gave desired 3-amino-4-aryl-piperdine 6.

Reaction of 3-amino-4-arylpiperidines 6 with various acid 
chloride, sulfonyl chloride, and 3-methoxybenzyl bromide 
and then treatment with K2CO3 in MeOH to remove 
trifluoroacetyl group gave amide 7a-h, sulfonamide 8, and 
benzylamine 9, respectively (Scheme 2).

Results and Discussion

The enzymatic inhibitory assay was carried out at the 
concentration of 100, 10, 2 廖A of a compound by a 
fluorescence resonance energy transfer (FRET) assay, using 
a purified baculovirus-expressed BACE 1 and a specific 
substrate (Rh-EVNLDAEFK-Quencher). The assay data 
were summarized in Table 1.

Initially we prepared 4-phenyl piperidine derivatives with 
amide- (7a-7d), sulfonamide- (8) substituents on 3-amino 
group. These 4-phenyl piperidines showed very little activity. 
Next, we decided to introduce a bulky substituent at 4- 
position and prepared 4-biaryl substituted piperidines, which 
found in piperazine based BACE 1 inhibitors.10b 4-Biaryl 
piperidines (7e, 7£ and 7h) showed high inhibitory activities 
with IC50 of 2.8-9.8 gzM. In 4-biaryl pipperidine series, 3-(2- 
naphtholyamino) piperidine (7f and 7h) showed ca. 4 fold 
higher activity than that of 4-phenyl-3-(4-biphenylcarbonyl- 
oxy)piperidine 10, which was previously identified as 
BACE 1 inhibitor with IC50 of 11 /zM." Effect of substituent 

Table 1. BACE 1 inhibitory activity of 3-amino-4-aryl-piperdines (7-9) and 10

Compound X Ri R2
Enzyme Assay

% inhibition (at 100 /M) IC50
7a H 4-Biphenyl H 26% —
7b H 3-(Dipropylcarbamoyl)phenyl H 1.2% —
7c H 3-(Dipropylcarbamoyl)phenyl CF3CO" 17% —
7d H 3-(Diisopropylcarbamoyl)phenyl H 1.5% —
7e 4-Ph 1-Naphthyl H 50%" 9.83
7f 4-Ph 2-Naphthyl H 77%“ 2.81
7g 4-Ph N?N-Dipropyl-isophthaloyl H 39%" —
7h 4-Ph(3,5-F2) 2-Naphthyl H 77%“ 2.87
8 44%a —
9 8.0% —

nU
［人 （10）

11.0

a. % inhibition at 10 /M
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in 3-amino group on inhibitory activity was also studied. 2- 
Naphthoyl subsitutent (7f and 7h) showed higher activity 
than 1-naphthoyl substituent (7e)? and isophthaloyl (7g) and 
benzyl group (9) showed poor activities.

In conclusion, we prepared 4-phenyl- and 4-biaryl-3- 
amidopiperidine derivatives which showed better BACE 1 
activities than originally reported compound 10. Further 
modification for improving activity and study of structure 
and activity relationship (SAR) are remained for future 
work.

Experimental Section

Melting points were determined on a capillary melting 
point apparatus and were uncorrected. NMR spectra were 
recorded with Varian Gemini 200 spectrometer Reagents 
used were reagent grade and purified, if necessary. Solvents 
were dried by conventional methods. In enzymatic assay, 
fluorescence intensity was read at 545 nm excitation and 585 
nm emission with FlexStation fluorometric imaging reader

Enzymatic assay. The inhibitory activity was determined 
by a fluorescence resonance energy transfer (FRET) assay in 
50 mM sodium acetate assay buffer at pH 4.5, using a 
purified baculovirus-expressed BACE 1 (1 U/mL in tris 
buffer) and a specific substrate (Rh-EVNLDAEFK-Quencher; 
750 nM in assay buffer). This specific substrate based on the 
Swedish mutation of the amyloid precursor protein (APP) 
became highly fluorescent upon cleavage by BACE L For 
each compound, three different concentration (100, 10, and 
2 /eM, respectively) were prepared by dissolving it in DMSO 
(up to 30% in total volume) and assay buffer

After a solution of compound (10 /L) and specific 
substrate (10 /L) were gently mixed, BACE 1 (10 /L) was 
introduced and incubated at room temperature for 1 h. 
BACE 1 stop solution (2.5 M sodium acetate buffer; 10 /L) 
was added to the reaction mixture to stop the reaction. 
Fluorescence intensity was measured to determine inhibitory 
activity of a compound tested. Each inhibitory assay was 
carried out repeatedly for three times.

O-terZ-Butyldimethylsilyl-TV-boc-L-serine. To a solution 
ofN-Boc-L-serine (10.06 g. 49.03 mmol) in DMF (100 mL) 
was added TBS-C1 (9.46 g, 62.76 mmol) and imidazole 
(10.01 g, 147.1 mmol) at 0 °C. After stirred for 10 h at rt? the 
reaction mixture was diluted with water (200 mL) and 
extracted with ether (2 x 250 mL). The combined organic 
layer was washed with water (100 mL), dried (MgSQ。，and 
concentrated. The remaining residue was purified by flash 
column chromatography (EtOAc : Hex = 1 : 4) to give 133 
g (85%) of O-Z-butyldimethylsilyl-N-Boc-L-serine as a 
colorless oil: NMR (CDCh)： 50.06 (s, 6H), 0.88 (s, 9H), 
L46 (s, 9H), 3.84 (dd, J= 10.2, 3.8Hz? 1H)? 4.12 (m, 1H)? 
435 (m, 1H)? 534 (d, J= 7.2 Hz, 1H)? 8.40 (bs, 1H).

Phenyl ketone (2a). A solution of O-Z-butyldimethylsilyl- 
N-Boc-L-serine (7.02g, 22.0mmol) and l,l-carbonyl- 
diimidazole (3.57 g, 22.0 mmol) in dry THF (50 mL) was 
stirred for 1 h at rt, and then was added dropwise to a 
solution of phenylmagnesium bromide (3 M in hexane; 22 

mL, 66 mmol) and Cui (038 mg, L98 mmol) in THF (50 
mL) at —78 °C. ARer stirred at -78 °C for 1 h, the reaction 
mixture was quenched with 1 N HC1 (50 mL) and extracted 
with EtOAc (3 x 100 mL). The combined organic layer was 
washed with water (2 x 100 mL), dried (MgSOQ, and 
concentrated. The remaining residue was purified by flash 
column chromatography (EtOAc : Hex = 1 : 8) to give 6.58 
g (78%) of 2a as a coloreless oil: NMR (CDC13)： S-0.13 
(s, 3H), -0.11 (s, 3H), 0.76 (s, 9H), 146 (s, 9H), 3.86-4.99 
(m, 2H), 5.25-531 (m, 1H)? 5.68 (d, J= 7.6 Hz, 1H)? 742­
7.63 (m, 3H), 7.91-7.96 (m, 2H).

4-Bromophenyl ketone (2b). Compound 2b was pre­
pared with 4-bromophenyllithium13 as shown for 2a in 85% 
yield as a white solid: mp 46-47 °C; NMR (CDCI3)： 8 
-0.12 (s, 3H), -0.101 (s, 3H), 0.76 (s, 9H), 146 (s, 9H), 
3.86-4.99 (m, 2H), 5.25-5.31 (m, 1H)? 5.64 (d, J= 7.6 Hz? 
1H)? 7.29(d, J= 9.0 Hz, 2H), 7.48(d, J= 7.6 Hz, 2H).

(R)-/erZ-Butyl l-hydroxy-3-phenylbut-3-en-2-ylcarba- 
mate (3a). To a stirred suspension of methyltriphenyl­
phosphonium bromide (4.5 g, 12.6 mmol) in dry THF (30 
mL) was added n-BuLi (L6 M in hexane; 8.4 mL, 134 
mmol) at 0 °C. The reaction mixture was warmed to rt, 
stirred for 1 h, and then cooled to -78 °C. A solution of 
ketone 2a (L5 g, 3.95 mmol) in THF (10 mL) was added 
dropwise to above solution, and the resulting mixture was 
slowly warmed to rt. After stirred for 1 h, the reaction 
mixture was poured into cold 1 N HC1 (100 mL) and 
extracted with ether (50 mL). The organic layer was washed 
with water (100 mL), dried (MgSQ+), and concentrated. The 
remaining residue was purified by flash column chromato­
graphy (EtOAc : Hex = 1 : 20) to give 0.93 g (62%) of the 
desired compound: NMR (CDCI3)： S -0.06 (s, 3H), 
-0.04 (s, 3H), 0.86 (s, 9H), L46 (s, 9H), 3.50 (dd, J= 9.8,
3.6 Hz, 1H)? 3.68 (dd, J= 10.2, 4.0 Hz, 1H)? 4.67-4.73 (m, 
1H)? 5.10-5.12 (m, 1H)? 5.22(s, 1H)? 530 (s, 1H)? 7.28-7.40 
(m, 5H).

Tetra-^-butylammonium fluoride (1 M in THF; L71 mL, 
L71 mmol) was added to a solution of silyl ether (0.59 g, 
1.56 mmol) in CH2O2 (10 mL) at 0 °C. The reaction mixture 
was warmed to rt and stirred for 1 h. The reaction mixture 
was washed with water (10 mL), dried (MgSQ。，and 
concentrated. The remaining residue was purified by flash 
column chromatography (EtOAc : Hex = 1 : 20) to give 
0383 g (92%) of 3a:NMR(CDC13)： SI.47 (s, 9H), 2.00 
(bs, 1H)? 3.60-3.76 (m, 2H), 4.75 (m, 1H)? 5.15 (m, 2H), 
5.25 (s, 1H)? 539 (s, 1H)? 731-738 (m, 5H).

(R)-/erZ-Butyl 3-(4-bromophenyl)-l-hydroxybut-3-en- 
2-ylcarbamate (3b). Compound 3b was prepared from 2b 
as 아gw for 3a. White solid: mp 158-160 °C; NMR 
(CDCI3)： S L47 (s, 9H), L68 (bs, 1H), 3.54-3.74 (m, 2H), 
4.70 (m, 1H)? 5.15 (m, 2H), 5.28 (s, 1H)? 539 (s, 1H)? 7.28 
(d, J= 7.6 Hz, 2H), 7.47 (d, J= 8.6 Hz, 2H).

(R)-/erZ-Butyl l-(7V-allyl-2,2,2-trifluoroacetamido)-3- 
phenylbut-3-en-2-ylcarbamate 4a. To a solution of alcohol 
3a (L15 g, 437 mmol) and triethylamine (13 mL, 932 
mmol) in CH2O2 (20 mL) was added dropwise MsCl (041 
mL, 53 mmol) at 0 °C. The reaction mixture was warmed to 
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rt, stirred for 1 h, and washed with cold 1 N HC1 (20 mL). 
The organic layer was dried (MgSCU) and concentrated to 
give corresponding mesylate. Without purification, mesylate 
was dissolved in allylamine (15 mL) and heated to reflux 
overnight under N2 atmosphere. The reaction mixture was 
concentrated and dissolved in CH2O2 (20 mL) and treated 
sequentially with triethylamine (13 mL, 9.32 mmol) and 
trifluoroacetic anhydride (0.93 mL, 6.58 mmol) at 0 °C and 
slowly warmed to rt After stirred for 2 h, the reaction 
mixture was washed with cold 1 N HC1 (20 mL) and water 
(20 mL). The organic layer was dried (MgSQi), and 
concentrated. The remaining residue was purified by flash 
column chromatography (EtOAc : Hex = 1 : 6) to give L59 
g (91%) of 4a as a colorless oil: NMR (CDCI3)： 5143 (s, 
9H), 3.16 (dd, J= 13.& 3.4 Hz, 1H)? 3.77-4.02 (m, 3H), 
4.99-5.25 (m, 4H), 530 (s, 1H)? 538 (s, 1H)? 5.58-5.66 (m, 
1H)? 7.29-7.44 (m, 5H).

(R)-/er/-Butyl l-(7V-allyl-2,2,2-trifluoroacetamido)-3- 
(4-bromophenyl)but-3-en-2-ylcarbamate 4b. Compound 
4b was prepared from 3b as shown for 4a. White solid: mp 
137-139°C; iHNMR(CDCh)： 5143 (s, 9H), 3.16 (dd,丿=
13.& 3.4 Hz, 1H)? 3.77402 (m, 3H), 4.90-538 (m, 4H), 
532 (s, 1H)? 5.38 (s, 1H)? 5.58-5.66 (m, 1H)? 7.29 (d, J= 9.0 
Hz, 2H), 7.48 (d, J= 7.6 Hz, 2H).

(R)-/erZ-Butyl 4-phenyl-l-(2,2,2-trifluoroacetyl)-l,2,3^ 
6-tetrahydropyridin-3-ylcarbamate 5a. To a solution of 
diene 4a (0.83 g, 2.09 mmol) was added 2nd generation 
Grubbs catalyst (89 mg, 0.104 mmol) and heated to reflux 
overnight under argon atmosphere. The reaction mixture 
was concentrated and purified by flash column chromato­
graphy (EtOAc : Hex = 1 : 4) to give 0.68 g (87%) of 5a as a 
colorless oil: NMR (CDCI3)： 5141 (m, 9H), 3.45 (dd, J 
=14A 2.2 Hz, 1H)? 3.80-3.91 (m, 1H)? 432439 (m, 1H)? 
4.59-4.63 (m, 1H)? 4.78-4.88 (m, 3H), 6.25-6.28 (m, 1H)? 
7.26-7.41 (m, 5H).

(R)-/e/t-Butyl 4-(4-bromophenyl)-l-(2,2,2-trifluoroacet- 
yl)-1^3^-tetrahydropyridin-3-ylcarbamate 5b. Compound 
5b was prepared from 4b as shown for 5a. White solid: mp 
123-125°C; iHNMR(CDCh)： 5141 (m,9H),3.45 (dd?J=
13.& 2.0 Hz, 1H)? 3.78-3.89 (m, 1H)? 4.29-436 (m, 1H)? 
4.57-4.86 (m, 3H), 6.25-6.28 (m, 1H)? 7.28 (d, J= 9A Hz, 
2H), 7.50 (d,丿=8.4 Hz, 2H).

(R)-/e/t-Butyl 4-(biphenyl-4-yl)-l-(2,2^-trifluoroacetyl)- 
l,23^6-tetrahydropyridin-3-ylcarbamate 5c. To a solu­
tion of 5b (L0 g, 2.22 mmol), phenylboronic acid (03 g, 
2.46 mmol), and CsF (0.67 g, 441 mmol) in DME (10 mL) 
was added tetrakis (triphenylphosphine) palladium (77 mg, 
66 gmol)，The reaction mixture was heated to reflux 
overnight under argon atmosphere. After cooled to rt? the 
reaction mixture was diluted with EtOAc (30 mL), washed 
with water (50 mL), dried (MgSQi), and concentrated. The 
remaining residue was purified by flash column chromatography 
(EtOAc : Hex = 1 : 6) to give 0.84 g (84%) of 5b as a 
colorless oil: NMR (CDC13)： 5142 (s, 9H), 3.46 (dd, J=
13.& 2.0 Hz, 1H)? 3.82-3.92 (m, 1H)? 433-441 (m, 1H)? 
4.64-4.90 (m, 3H), 631-634 (m, 1H)? 732-7.63 (m, 9H).

(R)-/erZ-Butyl 4-(3\5l-difluorobiphenyl-4-yl)-l-(2,2,2- 

trifluoroacetyl)-l,23^6-tetrahydropyridin-3-ylcarbamate 
5d. Compound 5d was prepared from 5b with 3?5-difluoro- 
phenylboronic acid as shown for 5c, 'H NMR (CDCI3)： 5 
L41 (s, 9H), 3.43-3.54 (m, 1H)? 3.80-3.89 (m, 1H)? 430­
439 (m, 1H)? 4.57-4.94 (m, 3H), 6.29-630 (m, 1H)? 6.67­
6.76 (m, 1H)? 6.99-7.09 (m, 2H), 734-7.57 (m, 7H), 771­
7.92 (m, 4H), 8.21 (s, 1H).

l-((3R,4R)-3-Amino-4-phenylpiperidin-l-yl)-2,2,2-tri- 
fluoroethanone 6a. A solution of tetrahydropyridine 5a 
(0.67 g, L82 mmol) and 5% Pd-C (97 mg, 0.91 mmol) in 
MeOH (20 mL) was stirred under hydrogen balloon for 4 h. 
The reaction mixture was filtered over celite pad and 
concentrated in vacuo. The remaining residue was purified 
by flash column chromatography (EtOAc : Hex = 1 : 8) to 
give 3-ZerZ-butoxycarbonyl-amino-piperidine. To a solution 
of 3-ZerZ-butoxycarbonyl-amino-4-phenyl-piperidine in 
CH2CI2 (10 mL) was added TFA (3 mL) at 0 °C. The 
reaction mixture was slowly warmed to rt and stirred for 1 h. 
The reaction mixture was concentrated in vacuo, diluted 
with EtOAc (20 mL), washed with sat'd NaHCOs (20 mL), 
and water (20 mL). The organic layer was dried (MgSOQ, 
concentrated, and purified by flash column chromatography 
(EtOAc : Hex=l : 1) to give 0.59 g (87%) of 6a: 0NMR 
(CDCh)： 5L09 (bs, 2H), L71-L78 (m, 1H)? 2.20-238 (m, 
1H)? 2.80-3.51 (m, 4H), 3.95-4.28 (m, 1H)? 4.59485 (m, 
1H)? 7.19-7.40 (m, 5H).

l-((3R,4R)-3-Amino-4-(biphenyl-4-yl)piperidin-l-yl)- 
2,2,2-trifluoroethanone 6b. Compound 6b was prepared 
from 5c as 아gw for 6a, 'H NMR (CDCI3)： 5 L16-L26 (m, 
1H)? L86-2.02 (m, 1H)? 2.55-2.92 (m, 1H)? 3.07-332 (m, 
3H), 3.74 (s, 1H)? 4.18-4.25 (m, 1H)? 4.86-4.94 (m, 1H)? 
732-7.62 (m, 9H).

l-CCSR^^-S-Amino^-CS^S^difluorobiphenyM-yOpiperi- 
din-l-yl)-2,2,2-trifluoroethanone 6c. Compound 6c was 
prepared from 5d as 아iotoi for 6a, 'H NMR(CDCh)： 8 L19- 
126 (m, 2H), L81-L95 (m, 1H)? 2.64288 (m, 1H)? 3.08­
3.42 (m, 3H), 3.77 (s, 1H)? 4.02-4.27 (m, 1H)? 4.85-4.92 (m, 
1H)? 6.73-6.81 (m, 1H)? 7.02-7.05 (m, 2H), 735-739 (m, 
2H), 7.52-7.56 (m, 2H).

General procedure for the synthesis of amide 7a-가!. To 
a solution of 3-aminopiperidine 6 and triethylamine in 
CH2O2 (10 mL) was added acid chloride at 0 °C. The 
reaction mixture was warmed to rt and stirred overnight. The 
re action mixture was washed with 1 N HC1 (10 mL), aq. 
NaHCOs (10 mL), and water (10 mL). The organic layer 
was dried (MgSQ。，concentrated, and purified by flash 
column chromatography (EtOAc : Hex = 1 : 1) to yield the 
desired amide.

The corresponding N-trifluoroacetylpiperidine was treated 
with K2CO3 in MeOH (3 mL) at rt for 1-4 h. The reaction 
mixture concentrated and purified by flash column 
chromatography (EtOAc : Hex= 1 : 1) to give desired free 
piperidine 7.

2V-((3R,4R)-4-Phenylpiperidin-3-yl)biphenyl-4-carbox- 
amide 7a. NMR(CDC13)： 5L80-L95 (m, 1H)? 2.0215 
(m, 1H)? 2.78-2.88 (m, 1H)? 3.00-3.10 (m, 2H), 3.20-3.25 
(m, 2H), 4.57-4.62 (m, 1H)? 6.93 (d, J = 8.0 Hz, 1H)? 7.20-
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7.72 (m, 14H).
7무・((3R,4R)・4・PheHylpiperidin・3・yD・MA^dipmpylis6 

phthalamide 7b・ JH NMR(CDC13)： S0.75 (bt, 3H), 0.98 (bt, 
3H), L40-L45 (m, 2H), L62-L65 (m, 2H), L81-L87 (m, 
1H)? 2.09-2.16-2.28 (m, 2H), 2.83 (m, 1H)? 2.97-3.42 (m, 
9H), 4.62-4.65 (m, 1H)? 7.15-7.44 (m, 9H).

7VL((3R,4R)4PhenyJl-(2,22-tHfhM>roacetyDpiperidin- 
a-yD-A^^-dipropylisophthalamide 7c・ JH NMR (CDC13)： 
S0.75 (bt, 3H), 0.98 (bt, 3H), L40-L80 (m, 5H), 2.04-2.15 
(m, 2H), 3.14-3.45 (m, 7H), 439440 (m, 2H), 6.44 (bs, 
1H)? 7.15-7.44 (m, 9H).

A^X-Diisopropyl-A^<(3R,4R>4-phenyl4<2,2^-trifluon>- 

acetyl)piperidin-3-yl)isophthalamide 7d.NMR (CDCI3): 
S0.75 (bt, 3H), 0.98 (bt, 3H), L40-L45 (m, 2H), L62-L65 (m, 
2H), L81-L87 (m, 1H)? 2.09216228 (m, 2H), 2.83 (m, 1H)? 
2.97342 (m, 9H), 4.62465 (m, 1H)? 7.15-7.44 (m, 9H).

7V-((3R,4R)-4-(Biphenyl-4-yl)piperidin-3-yl)-l-naphth- 
amide 7e・ JH NMR (CDCI3)： S L80-L97 (m, 2H), 2.65 (s, 
2H), 2.79 (dt, J= 11A 2.8 Hz, 1H)? 3.04-3.33 (m, 3H), 4.85 
(d, J= 6.8 Hz, 1H)? 6.90-6.95 (m, 1H)? 7.21-7.24 (m, 1H)? 
739-7.62 (m, 12H)? 7.74-7.84 (m, 2H).

7V-((3R,4R)-4-(Biphenyl-4-yl)piperidin-3-yl)-2-naphth- 
amide 7f・ JH NMR (CDC13)： S L86 (-L92 (m, 1H)? 2.06­
2.21 (m, 1H)? 235 (s, 2H), 2.85 (dt, J= 1L6, 2.6 Hz, 1H)? 
3.01-3.14 (m, 2H), 3.25-330 (m, 2H), 4.71 (d, J= 6A Hz, 
1H)? 7.13-7.90 (m, 15H)? 8.16 (s, 1H).

NL((3R,4R)・4・(Biph 印yJ4・yDpiperidm・3・yl)NN-di- 
propylisophthalamide 7g. 'H NMR (CDCI3)： S 0.66 (bt, 
3H), 0.96 (bt, 3H), L43-L47 (m, 2H), L64-L67 (m, 2H), 
L83-L89 (m, 1H)? 2.09-2.16228 (m, 2H), 2.83 (dt? J = 
1L8? 2.8 Hz, 1H)? 2.99-3.44 (m, 9H), 4.62-4.65 (m, 1H)? 
7.03-7.07 (m, 1H)? 7.26-7.68 (m, 12H).

NL((3R,4R)・4・(3'S・Difhwmbiph印yl・4・yl)piperidm・ 
3-yl)-2-naphthamide 7h. JH NMR (CDCI3)： S L85-L91 
(m, 1H)? 2.10-231 (m, 1H)? 2.81-2.93 (m, 1H)? 3.05-3.12 
(m, 2H), 3.23-3.50 (m, 2H), 4.74 (d, J= 9A Hz, 1H)? 6.66­
6.76 (m, 1H)? 6.98-7.08 (m, 2H), 734-7.57 (m, 7H).

7V-((3R,4R)-4-PheHylpipeHdim3-yTmaphth  시ene-2-s 미fom 
amide 8. To a solution of aminopiperidine 6a (40 mg, 0.15 
mmol) and triethylamine (61 冊，043 mmol) was added in 
CH2O2 (10 mL) was 2-naphthalenesulfdnyl chloride (40 
mg, 0.18 mmol). The reaction mixture was stirred for 4 h at 
rt, diluted with EtOAc, and washed with 1 N HC1 (10 mL), 
sat'd NaHCOs (10 mL), and water (10 mL). The organic 
layer was dried (MgSQ。，concentrated, and purified by 
flash column chromatography (EtOAc : Hex = 1 : 3) to give 
sulfonamide.

The corresponding sulfonamide was treated with K2CO3 
in MeOH (3 mL) at rt for 4 h. The reaction mixture was 
concentrated and purified by flash column chromatography 
(EtOAc : Hex = 2 : 1) to give 38 mg (69%) of desired 
sulfonamide 8. JH NMR (CDC13)： S L6-2.1 (m, 3H), 2.60­
2.90 (m, 3H), 3.18-3.24 (m, 2H), 3.55 (s, 1H)? 6.85-6.93 (m, 
5H), 7.25-735 (m, 2H), 7.56-7.61(m, 2H), 8.03 (s, 1H).

(3R,4R)-4-(Biphenyl-4-yl)-JV-(3-methoxybenzyl)piperidin- 
3-amino 9. To a solution of aminopiperidine 6b (40 mg, 
0.115 mmol) and K2CO3 (18 mg, 0.13 mmol) was added 3- 

methoxybenzyl bromide (18 uL, 0.13 mmol). The reaction 
mixture was stirred overnight at rt, diluted EtOAc, and 
washed with 1 N HC1 (10 mL) and water (10 mL). The 
organic layer was dried (MgSOQ, concentrated, and purified 
by flash column chromatography (EtOAc : Hex = 1 : 1) to 
give corresponding benzylamine.

The benzylamine was treated with K2CO3 in MeOH (3 
mL) at rt for 4 h. The reaction mixture concentrated and 
purified by flash column chromatography (EtOAc : Hex = 3 
:1) to give 35 mg (83%) of desired benzylamine derivatives 
9. JH NMR (CDCh)： S L75-L80 (m, 1H)? 2.02-2.04 (m, 
1H)? 2.64298 (m, 4H), 3.20 (m, 2H), 3.72 (s, 3H), 410­
4.17 (m, 1H)? 4.89 (s, 2H), 5.79 (d, J= 9A Hz, 1H)? 6.79 (m, 
2H), 7.12-7.16 (m, 1H)? 7.25-7.58 (m, 10H).
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