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Synthesis of New Benzylpiperidinyl Ether Derivatives as Amyloid-beta Aggregation Inhibitors

Young-Ee Kwon”
College of Pharmacy, Woosuk University, Samnye-eup, Wanju-gun, Jeonbuk 565-701, Korea

Abstract — We designed and synthesized new benzylpiperidinyl ether derivatives as beta-amyloid aggregation inhibitors
for the development of novel anti-Alzheimer’s disease agents. As starting material, 4-hydroxypiperidine was used. For pro-
tection of the amine group in piperidine (2), di-fers-buty] dicarbonate was reacted with 4-hydroxypiperidine in the presence
of triethylamine. For introduction of benzyl group, benzylbromide was treated with compound 2 in dioxane. After depro-
tection of Boc group on amine in compound 3, ester (5) was synthesized by addition of ethyl-4-chlorobutyrate. The alcohol
6 was synthesized by hydride reduction of 5 using LiAlH,. To obtain final products (7~14), the alcohol 6 was condensed
with each of substituted benzoic acids. To screen beta-amyloid aggregation inhibition of the products, thioflavinT assay was
performed using AB1-42 at 37°C for 26 h incubation, ¢ vitro. From the result of screening, compound 8, 9, 11 and 12
showed effective activity about 65~85 uM as IC;, value. Among the prepared compounds, 4-[4-(benzyloxy)piperidinolbutyl-
4-chlorobenzoate (8) was the most effective inhibitor having ICy, of 65.4 pM.

Keywords [] Amyloid-beta aggregation inhibitor, Alzheimer’s disease, piperidine derivatives, Ap1-42
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Ago= oA QIp2Y Gxslo|wHe) F3 ¢
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A BAZ SAurol QoM ARREE RS B okAld
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amine(Reminyl™)%o] QIthFig. 1).
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Fig. 1 - Structures of Acetylcholinesterase inhibitors as FDA approved Alzheimer’s disease therapeutics.
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At 0w AREEE Aot} GllE Solu s Aok
Alellx Fljsle] o o el AAIglo] ARSIt BEaEntE 1
L2 (TLC)+= silica gel(Kieselgel 60F254, Merck)2 AHE-811 11
UV 34254 nm)stell] gRIsIIT), 23 2rtE 189 silica
gel(Kieselgel 60, 230~400 mesh, Merck)2 AR89} IR 42
"Egl= Jasco FT/IR-430 233542 48900 em's %
Al8tgith 'H-NMR 2 BC-NMR A% E 2} Varjan Germini
300 MHz == Bruker AMX 500 MHz -3-4157| 8 o] §3}o]
TMSE WF-EF=4E 3lo] S7gs131.0m, 318k o)%g(chemical
shifty>- § T2 coupling constant:= Hz& WERHIT.

tert-Buthyl 4-hydroxypiperidine-1-carboxylate (2)-4-
Hydroxypiperidine 1(10.0g, 98.86 mmol)< THF(150 m/)*]l
=o|x, 0°CAlA 37 &, triethylamine(13.8 ml, 118.63 mmol)
3} di-fert-buty! dicarbonate(DIBOC, 25.8 g, 18.63 mmol)< 4
A13] 7hstal A2ollA] oF 1AIRE wtakgith w3 SHF
0 miE Tt WS Tk, WA gAke R AVdsE)
o] EREXE 100mE FE5Uth SREEF T& FF
N2,S0,% 23t 74E% ¥, flash column chromatography

Vol. 50, No. 5, 2006

(CH,Cl: CH,0H=10: D& BA3to] F24 nyy9%
(1652 g, 82.08 mmole)E AT}, yield : 83%. m.p.: 56~ 9°C
IR(KBr) : 3485, 2934, 1671, 1434, 1170cm 1 'H.NMR
(CDCly) : 152(s, 9H) 1.81~1.91(m, 4H) 2.95~3.08(m, 2H)
3.83~3.89(m, 3H). “C-NMR(CDCly): 283 34.1 412 67.6
79.5 154.7.

tert-Butyl 4-(benzyloxy)piperidine-1-carboxylate (3) -
1,4-Dioxane 90 mi°ll 2(9.7 g, 26.4 mmol), Na,CO,4(3.6 g, 34.38
mmol), benzylbromide(1.3 eq., 3428 mmol)E =< KI2 g,
12 mmol)$t &7 71sla, o] EFES 1047 5 714 § wt
28 ZhokeEslo] o] A& E 30 m{¥} methylene chloride
100 Mz &3] f7180 F& 7 NaSO,= 238
okeZ 5 flash column chromatography(EtAc : Hexane=4:1)
7 AA)sle] Ao s AAE 3(1151 g 39.5 mmol)S A
o}, yield : 82%, IRNaCl) : 3125, 1750, 1510, 1180, 1060
em™. H-NMR(CDCl,) : 1.53(s, 9H) 1.61~1.82(m, 2H) 3.04~
3.17(m, 2H) 3.58(m, 1H) 3.67~3.79(m, 2H) 5.51(s, 1H) 7.21
~7.38(m, 5H).

4-Benzyloxypiperidine (4) — ol €& 3(10 g, 34.32 mmol,
1 eq)& 9, NaOH(1.37 g, 343.2 mmol, 10 eq.)& 7}3l2L 6
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Fig. 2 - Structures of effective beta-amyloid fibril aggregation
inhibitors i vitro.
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ARE BR7HE F, Bk S5 30 miE T1elol W2 A
A2 F SEREE 100 mOT FE}T 47189 2S NaS0,
£ gsla ke &Skt 5598 flash column chromato-
graphy(EtAc : Hexane=4: D= A|}o] 319 Ak BAE 4
(62g 2.72mmo)E Lt yield : 80% 'H-NMR(CDCL,) :
1.65~2.05(m, 4H) 3.04~3.12(m, 2H) 3.31~3.42(m, 2H) 3.45
(m, 1H) 5.24(s, 1H) 7.28~7.36(m, 5H).

Ethyl 4-{4-(benzyloxy)piperidino]butanoate (5) — N,N-
dimethylformamide 12 m/¢] 4(1.0g, 523 mmol, 1 eq.)Z 9]
I, NaHCO4(1.32 g, 15.72 mmol, 3 eq.), ethyl-4-chlorobutyrate
(1.18 g, 7.842 mmol)9} FviZ KI(1 g, 6 mmol)E 7}5}o] 417+
SF7rdsta, 37 & ke aS 79 w5k o) g2
& S0meR FE5L f7]89 58 Na,SO,2 g=rsla 7t
& F=533. F5AE flash column chromatography(CH,CI :
CH;OH=10: )= FA|5to] n]gx o] A} 95 5(1.31g,
429 mmoD)E A3t} yield : 82%; 'H-NMR(CDCL,): 1.22(t,
J=16.8Hz, 3H) 1.67~1.91(m, 6H) 2.09~2.19(m, 2H) 2.27~
2.36(m, 4H) 2.78~2.81(m, 2H) 3.38~3.42(m, 1H) 4.10(q,
J=16.8 Hz, 2H) 4.51(s, 2H) 7.23~7.34(m, 5H).

4-[4-(Benzyloxy)piperidino]-1-butanol (6) — Ether 10 m/
° 5(1.0g, 327 mmol)E *°]1, dry ice bath’d A LiAIH,
(0.25 g, 6.542 mmol)E- AA3] o] g-olle] 713Iict. Hkgals A
2o 24t wRlska, S5R4E 715k WS F2 F ether
7 FE3L A8 F8 NaSO,E B3t 2%t 53313
t}. 5% 4 flash column chromatography(CH;Cl : CH,0H=
10: D2 gAlste] wjgae] i A8 6(0.71 g, 2.7 mmolyS
At yield : 83%, 'H-NMR(CDCL,) : 1.62~1.76(m, 6H),
1.84~191(m, 2H), 2.21~231(m, 4H) 2.70~2.76(m, 2H)
3.42~3.56(m, 3H) 4.48(s, 2H) 7.19~7.30(m, 5 H).

4-[4-(Benzyloxy)piperidino]lbutyl benzoate (7) - SEZEX
5 14m/l 6(0.3g, 1.14mmol)S 9] 31, benzoic acid(0.21 g,
172 mmol, 15 eq.), dimethylaminopyridine(DMAP) (0.51g,
4.17mmol 3 eq.)¥ N-[3-(dimethylamino)propyl]-N'-ethylcar-
bodiimide hydrochloride(0.3 g, 1.25 mmol, 1.1 eq.)& 7}3}3,
Aol 2813 aE = FFHE vIEk] iR FEAT 5
1M HCI2 35 Aow sla E28¥Fos 239 &
7] €7 S& 3] 1M NaOHZ F3l5}1, Na,SO, 2 &5,
A F5U. $54E flash column chromatography(CH,CI :
CH3;0H=10: 2 7gAs}o] w|kae] o A5 7(0.29 g, 0.79
mmol)& A 3Uth. yield : 69%, 'H-NMR(CDC,) : 1.58~1.79
(m, 6H) 1.88~1.96(m, 2H) 2.08~2.16(m, 2H) 2.35(t, J=15.2
Hz, 2H) 2.74~2.78(m, 2H) 3.36~3.44(m, 1H) 4.30(¢t, /=13.2
Hz, 2H) 451¢s, 2H) 7.21~7.33(m, 5H) 7.38~7.45(m, 2H)
7.50~7.54(m, 1H) 8.01(d, /=9.6 Hz, 2H).

4-[4-(Benzyloxy)piperidino]butyl 4-chlorobenzoate (8) ~
E22YE 30m/l 6(0.8g 2.36mmol), 4-chlorobenzoic
acid (0.55g, 3.53 mmol), DMAP(0.86g, 7.03 mmol)®} N-[3-
(dimethylamino)propyl]-N'-ethylcarbodiimide hydrochloride
(0.5g, 208 mmolyS 713t F BAHE 73 fARE WP o = Whe
= KA u|3d B PFE 8(0.74 g, 1.84 mmol)S AUt
yield : 61%, "H-NMR(CDCl,) : 1.68~1.94(m, 8H) 2.15~2.22
(m, 2H) 2.40(t, /=14.7 Hz, 2H) 2.78~2.84(m, 2H) 3.42~3.46
(m, 1H) 4.34(t, J=12.6Hz, 2H) 4.56(s, 2H) 7.28~7.37(m,
5H) 7.42(d, /=8.4 Hz, 2H) 7.98(d, /=8.4 Hz, 2H).
4-[4-(Benzyloxy)piperidino]lbutyl 4-fluorobenzoate (9)—
SEZEZXE 14miol 6(0.37g 1.40 mmol), 4-fluorobenzoic
acid (03g, 2.107mmol), DMAP(0.51g, 4.17mmol), N-[3-
(dimethylamino)propyl]-N'-ethylcarbodiimide hydrochloride
(03 g, 1.25 mmol)= 715t & WIE 78 AR o= e
< FYAA w3 Bt AAE 9(0.34 g, 0.88 mmoDE LTt
yield : 63%, 'H-NMR(CDCl) : 1.61~1.78(m, 6H) 1.84~1.90
(m, 2H) 2.10~2.16(m, 2H) 2.34(t, /=15.2 Hz, 2H) 2.71~2.78
(m, 2H) 3.38~3.44(m, 1H) 429, /=13.2Hz, 2H) 4.51(s,
2H) 7.07(t, J=23.2Hz, 2H) 7.21~7.34(m, 5H) 8.02(d,d J=
20.0 Hz, 2H).
4-[4-(Benzyloxy)piperidino]butyl-4-nitrobenzoate (10) —~
E2ZZXE 14mlol 6(0.37 g, 1.40 mmol), 4-nitrobenzoic acid
(035g, 2.107 mmol), DMAP(0.51 g, 4.17 mmol), N-[3-(dimethyl-
amino)propyl}-N'-ethylcarbodiimide hydrochloride(0.3 g, 1.25
mmol)} 713t ¥, AE 79 AR RO E kg FPAA
v A ANE 1003 g 0.73mmol)S A 3lTh. yield :
64%, 'H-NMR(CDCL,) : 1.64~1.91(m, 8H) 2.12~2.18(m, 2H)
240, /=149 Hz, 2H) 2.76~2.82(m, 2H) 3.42~3.48(m, 1H)
4.40(t, /=129Hz, 2H) 4.55(s, 1H) 7.27~7.36(m, 5H) 8.21
(d, /=10.7 Hz, 2H) 8.29(d, /=10.6 Hz, 2H).
4-[4-(Benzyloxy)piperidino]butyl 4-(tert-butyl)benzoate
A -S2EXE 30ml°l 6(0.35¢, 1.33 mmol), 4-fert-butyl-
benzoic acid(0.36 g, 1.99 mmol), DMAP(0.49 g, 4 mmol), N-
[3-(dimethylamino)propyl]-N'-ethylcarbodiimide  hydrochloride
(0.28 g, 1.17 mmolyZ 7I5taL, AHE 72 fA1S o= Wk
& JAA v|EA A BE 11043 g, 1.02 mmolyS 431
t}. yield : 76%, "H-NMR(CDCl,) : 1.32(s, 9H) 1.64~1.78(m,
6H) 1.86~1.92(m, 2H) 2.08~2.14(m, 2H) 2.35(t, /=152 Hz,
2H) 2.72~2.77(m, 2H) 3.37~3.41(m, 1H) 4.29(t, /=12.8 Hz,
2H) 4.51(s, 2H) 7.23~7.36(m, 5H) 7.42(d, J=8.0Hz, 2H)
7.94(d, /=8.0 Hz, 2H).
4-[4-(Benzyloxy)piperidinolbutyl
(12)- SE2EXE 20 m/ol] 6(0.63 g, 2.392 mmol), 4-isopropyl-

4-isopropylhenzoate
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benzoic acid(0.59 g, 3.588 mmol), DMAP(0.50 g, 4.1 mmol),
N-[3-(dimethylamino)propyl]-N'-ethylcarbodiimide hydrochloride
(0.88 g, 3.68 mmolyE 715k, AHE 73 $A}E Wb ow vk
= JYAA v o BAFE 12(0.63 g 1.54 mmohE A
o}, yield : 64%, 1H-NMR(CDC13) : 1.24(d, /=8.2Hz, 6H)
1.63~1.77(m, 6H) 1.80~1.94(m, 2H) 2.10~2.14(m, 2H) 2.39
(t, /=149Hz, 2H) 2.76~2.81(m, 2H) 2.90~2.97(m, 1H)
3.38~3.44(m, 1H) 4.33(t, /=12.7 Hz, 2H) 4.56(s, 2H) 7.29~
7.37(m, 12H) 7.94(d, J=8.2 Hz, 2H).

4-[4-(Benzyloxy)piperidino]butyl 3-chlorobenzoate (13) -
SEEIE 12miel 6(0.43 g, 1.633 mmol), 3-chlorobenzoic acid
(0.38 g, 2.449 mmol), DMAP(0.60 g, 4.9 mmol), N-[3-(dimethyl-
amino)propyl]-N'-ethylcarbodiimide hydrochloride(0.34 g, 1.42
mmoly& 718k, AAE 73 FARE HPH o R whs-S- XFAIA
v ek oA A E 13(0.31 g, 0.77 mmol)S 2 91th. vield :
47%, 1H-Nl\/[R(CDCl?,) : 1.57~1.77(m, 6H) 1.89~1.96(m, 2H)
2.08~2.14(m, 2H) 2.31(t, /=148 Hz, 2H) 2.71~2.78(m, 2H)
3.36~3.42(m, 1H) 4.30(t, J=12.8 Hz, 2H) 4.51(s, 2H) 7.21~
7.38(m, 6H) 7.48(d, /=8.0Hz, 1H) 7.86(d, J=7.6Hz, 1H)
7.94(s, 1H).

4-[4-(Benzyloxy)piperidinolbutyl 3-fluorobenzoate (14)—
SEZXE 12miel 6(0.7 g, 2.658 mmol), 3-fluorobenzoic acid
(0.56 g, 3.987 mmol), DMAP(0.97 g, 7.92 mmol), N-[3-(dimethyl-
amino)propyl]-N'-ethylcarbodiimide hydrochloride(0.56 g, 2.34

Scheme®
o
o 2o oK
1 2

OEt
NH
c @\/ /O d @\/ /O/\/T e
- . o a4, o
4 5

A OH f

mmoDE 7131, AAE 73 FARE P oR WE-S IAA
U] g A E 140049 g, 127 mmoD)E AL yield :
48%, 'H-NMR(CDCly) : 1.64~1.79(m, 6H) 1.89~1.94(m, 2H)
2.08~2.17(m, 2H) 2.35(t, J=15.2 Hz, 2H) 2.73~2.84(m, 2H)
3.39~3.44(m, 1H) 4.31(t, /=12.8 Hz, 2H) 451(s, 2H) 7.24~
7.66(m, 7H) 7.80(d, /=2.8 Hz, 1H) 7.79(d, /=32 Hz, 1H).

HiElO}2 20| (AB1-42) S MilSs X AMH

Alok g 717 —wEfepdRo|u8] S AEE FAsk=d A
&3 v Etob 2 o] = (AR1-42)+= 1= &) ofvlE] 7k e =A}
(American Peptide Co. USA)2] A|¥-Z, thioflavinT, phosphate
buffered saline tablet, DMSO% 1]=2] A]Z1v} 3l8h 3jate] A
F& AREelgl o, Ve Aok B9 AlokE ARSI &
33 A7) QRo) AlrEAAKRE-5300PC, Shimadzu Corp.)
o] 71715 Argsigich

ThioflavinT assay — HEfebdZo]=2] 34 Y&
F BAEE o] g3t Wl IR o) T (AR1-42) FE|=
3l 80°Celld Basilon, 54 Al ARRSt HF55E 5 MY
FEZ ARG AR FEES APAA 99.5%2] DMSO
o B dFEAoT FLHF 3|A5l] Ao, HHE
AR AH-ER= 5uM9 thioflavinTS= 0.01 M SWAkATHlE 8ok
of Zof Azt Ap1-42 A Y=g H38k] Yslo
0.01 M QAkrialsg- 92,5 el 0.1, 1, 10, 100, 200 pM
S22zt A &4 E 5w 7Tebar, 5uM Apl-42

=
=4

K
3

e}

o
T
Lo
T

b Qo{)/?%k

——

@ 6 Q/JLOH

R

canes

7R=H 11 R = 4-tert-butyl
8 R=4-Cl 12 R = 4-Isopropyl
9R=4-F 13 R =3-Cl

10 R=4-NO, 14R=3-F

# Reagents and conditions : (a) EiN, DIBOC, THF, 1h; (b) CgHsCH,Br, Na,COs, 1,4-Dioxan, 4h;
(c) NaOH, EtOH, reflux, 6h; (d) NaHCOj3, Kl (cat), CI(CH,)3CO,CoHs, DMF, reflux, 4h; (e) LAH, Ether, 2h
(f) 4-dimethylaminopyridin, N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride, CHCl,
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Table I- Screening data of AB aggregation Inhibition (LM, IC) by
ThioflavinT assay

AB aggregation inhibition

Compd. Formula MW UM, ICyp)
Congo-red Cg,HyyNeS;Na, 696.66 1.65
7 CpsHpNO;  367.48 10532
8 CHy,CINO, 40193 65.4
9 CoH,FNO, 38547 74.94
10 CutleN,05 41248 >150
11 CyHyNO, 42359 785
12 CyHiNO; 40956 85.92
13 CyHy,CINO;  401.93 >150
14, CyuHy,FNO, 38547 >150
Tacrine  C,H,,N, 198.27 >150
Donepezil  C,,HyyNOq 379.5 86.5

The each value of AP aggregation inhibition was from thioflavinT
assay using fluorospectrometer. Each IC;, values were calculated
using quantal dose-response method.

2.5 W= 7FsE F, 37°CellA] 267171 wieksle] $3A)7)3L, 5 uM
thioflavinT 2,000 W= 715l 833 B3 2472 243190}
TUT AP S Hox 33] o) HHESIGIT). oju) AMEEE &3
324719 3+ 2k Ex=446 nm(slit width=5 nm), Em=
490 nm(slit width=10 nm) ¢, S8 Aafoll that IC,, 2t
2 quantal-dose response W ¢ 2 AXEIATH

g2 3 1F

ot F A A AdAle] B¢ QFor AMREE kB
o] 470w, oj9lo = AT FQ) AekEREASo] uj
$ gk g, H2 oI Akl Bekrgle) o}
nlite] Slate] wEloldZo)=9) Sxlo] EXETh= AT AT}
7} RIEHEA, o]F k] tfgt A28 23 A7t A8
3 ek wjelelu 2 o) = ME| = (AB1-40, APL-42)E 1 X-
ray 2% 727} ok BEAR) 9ok, S Aol gt 2
2 @77 A Folut o}F g 1ol XA TR Aeko] gl
o} HElepd 2o 3 Asso] $473 2oz 24zl congo-
rede UEE ARGEE SEEAR Bxgo) g1, B0 9
afo] QoREo g AMEAE S AAtA) 58 AsfAlt
ol in vitro AP1-40, AB1-42 S H AN ZollA vl mth ok
2 ARE I IR Congo-red 21915 in vitroolA Ap SAA
& 'sol e FFEES TEE Fig 29 YeERiITh
Imidazopyridonindole F=AE 2g3letz o2 M99 librarys
& Edslo] E29 72 Ap25-35 53 Al thgt IC,, #tol
4217 ME B 11H )T, melatonin AP1-408} AB1-42 F
E|E 2ol st -§-3 9 Al50), HMP bromide= Ap1-40°] X
HYPE? oo]l ARP= ABL-427} HETEE 0)Fo o)A}
1, oAt ASA|, ZFAE AL Sxo] Yok AL A

k7] Ystods FRAoR HHo R FXZ RAHT} Aol
A e 7R 720 o /EE ZAoE fksisict
0 AR BREEE A71EF pipl AEEES T
719) 29l mEsigin, AxE e
39ict, webA] piperidine 12819} benzyl’|5 ether HE|E <
319131, piperidined] BHAAKES A3 HHAE S o
Elolgl2o| =9 oAl 7|9} Ago| H2l3t =S arylester
AgE vesle] SES A Schemeol HERA tiE
%9242 hydroxy piperidineg AME-3}9] triethylamine &)
3o DIBOCE ¥+&A1A piperidine?] o117)2 R&3111, benzyl
bromide®} SN1 ¥+&-©% benzyl piperidinyl etherS 43
o 7krRaEle] BEU1E o]gAA olVE et § ethyl-
4-chlorobutyrateZ 2H-23}o] ester® $495130c} A ester
& LiAIH,Z hydride reduction® 3}o] alcoholZ WHE ¥ o]
alcohololl meta %+ para $i]°ll halogeno|t} YEZ7)7} Ql&
benzoic acid F=AE8 %%3519] benzyl piperidinyl ether
T W= THE SIS BAEE 8l Bl i Hglobd
Rolt &4 JAl-E ANPp] HAste] thioflavinT assays A
Aletglon, ol wElold 2ol FEt=E ABL-428 AHEEIR
Tk 71 ol ABl-429] S7°] AB1-400] SA1E Wr T 4173
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