2017 2018

Development of amyloid oligomer imaging for early diagnosis of Alzheimer®s
disease
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In recent research regarding the pathogenesis of Alzheimer’ s disease,
highly toxic oligomers of B -amyloid (AR ) peptides has gained much attention. However, there have
been no reports regarding the development of PET imaging probes that can specifically image AR
oligomers in vivo. The objective of the present study was to develop novel in vivo imaging technique

targeting AR oligomers. In this study, we planned to design and synthesize some candidate
compounds, and evaluate in vitro experiments on binding affinity to AR aggregates and in vivo
experiments using transgenic mice that overexpressed AR aggregates.
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AW OERIFEOFE RN, AP OZEFEMARD LN DH8, AD Z3HE L2V, HEEMERED
TFAENEA & > & 72 o T & 7= (Kemppainen et al., Neurology, 68, 1603, 2007), Z DJRK & LT, 73k
® AB FH PET FL—H— TR & D AB 1L, BEEE N E <, MR EEOKW LA ABEThH
LT ENEBEZ DD, 07, ARSI KT 2 BEO K b E v AR BRI, BEEE DKV, AB
FV dw—TH 5D Z &ARE I TV 5 (Haass et al., Nat Rev Mol Cell Biol, 8, 101, 2007), L 7=73
ST AR AY) T~ —ZHRICHIHTE % PET F L—¥—23 B3 T& L, BED AP M PET
ML—H—TRIEEL 2> TWD, BEMEOZE b &E S iU, @VIEE T AD @ PET BHRZ K23
AR D L EZ bND, BIEE TIC, Ap A Y I~ —%FFRINITENRA A~ 7 T& D PET
kL= — DT R, AFZETIRET S AR A ) I~ —4 R PET b L—Y—%B%T 5
ZENTENL. AD O TG, B, 18K, WIBIFRICE . i A 52 5 2 L b . FEFIC
BEFEWVIICRD EEZ NS,

ZNETIT, ['CIPIB 2440 & T 5 %8O AB A PET b L——DBRE M T, BIE
Ti&. ["*F]Flutemetamol, ['*F]Florbetapir, ['*F]Florbetaben @ 3 7175 FDA (238 0] S 4L, EIKHS ©
FERLSNTWHEZATHD, LrL, WTHO PET b —H—4 . AR OEEENK L,
2o, MRS EMEO BV, AB AU T —TIER <, AR DBEENE <, o, MRk
PEOIR Y, BRI A BE % SRR
WCHEBIET Db, 73 AHED
A F PET TiEGMHICHBEL L A A= LB
;ﬁ%]?éfzﬁ li;ibfj)i%%;f ABE/N— ABANIT— ABT«TYUIL

70 PET FL—H—Ic kBT e
I w4 FPET OFIHIZ, AD T - - bl
Wz L a2 5, bR ' hion

WHCPRGE ShB, 2 Ui, B . -
7 PET b L—H—7%, Elfh ;&f'g 1_5 o
REMEEFES, Ap AV Tv— Bl 5 L
~OFEE H KB L T 72nZ <~ R

ERRERBERTHDL EE X BEFFPETRL—H—(Z BE7ZPETRL—H—
BB, LT, Eo AD IS&-THRITRE

DRMDWr e B9 & L7 PET
[l Al t N i . 5= ) )
BV AR AU S~ R 1. ABOBREELSHEDOERESLIUPET FL—H—

KT HNERD D L% TORHRE
2bnb,
2. WFEDOEM

AT TIE, Ap AV T~—DHEKA A= 7DD PET hL—H—DBREAZHE L
T, ETHBRILEWD ABF Y T~ —FK5EVEICET 2 B R DL LTV, 2z v
U — LA ORBIIIEEIT o712,

3. WHED Sk

BODIPY 27 D&k

4.4-Difluoro-1,3,5,7-tetramethyl-4-bora-3a,4a-diaza-s-indacene (1) &k
3,5-Dimethylpyrrole-2-carboxyaldehyde (246 mg, 2.0 mmol) & 2.4-dimethylpyrrole (206 pL, 2.0
mmol) %7 v k/LA (10 mL) (ZIEfE L. KB T POCL; (186 pL) R4 12z 7=, |ILT2.5
BRI R % . BF3OEL (126 mL) 3 X T8 EtN (126 mL) Z A HIRTE 512 10 ML L7,
FOSRIZKE KR 2 M2 7o, 7 v/ A CHIM L, BEAKAEET Y o A CTHRK L7z, BiEE
B L%, REZEBR=T IV . ~FHr =1:2 ZEHEHEE T2 ES R e~ N7 57
4=l Lo THRLL ., 203 mg (LR :40.9%)D1LAW 1 %715 7=, 'H NMR (400 MHz, CDCl;) 6 2.24
(s, 6H), 2.52 (s, 6H), 6.04 (s, 2H), 7.04 (s, 1H). MS m/z 248 (M").

5-(4-(Dimethylamino)phenyl)furan-2-carbaldehyde (2) D& ik
5-Formyl-2-furan boronic acid (500 mg, 2.5 mmol), 4-bromo-N,N-dimethylaniline (500 mg, 2.5
mmol), 7 hT7F AN T 2= /)LiRAT 4 /877 A (50 mg, 0.04 mmol)%& 1,4- A4 %5




(15 mL)IZME L. 2 M Na,CO; KA (10 mL) % A1 2 T 12 BRREF L7z, SSIEICHE LR Rk %
Mz t=%, 7ok AT L, MK Y 7 A THAK L, WIEEZRBITEE =%, ~%
P EMATHH L7 bdb 2% 5 1 E L. 131 mg (IR : 49.3%) DA 3 2457-, "H NMR (400
MHz, CDCl3) 6 3.04 (s, 6H), 6.63 (d, J = 3.6 Hz, 1H), 6.73 (d, J = 8.8 Hz, 2H), 7.29 (d, J = 3.6 Hz, 1H),
7.71 (d, J = 8.8 Hz, 2H), 9.54 (s, 1H). MS m/z 215 (M").

4,4-Difluoro-3-{(E)-{2-[5-(4-dimethylaminophenyl)furanyl]ethenyl} } 1,5,7-trimethyl-4-bora-3a,4a-diaz
a-s-indacene (3: BODIPY 27)D& ik

L&Y 1 (124 mg, 0.5 mmol) & ~ /LT (5 mL)IIARE L. LA 2 (108 mg, 0.5 mmol) % Il % 7=,
X 5IT, HEEE (429 uL)& BXU P (429 pl)Z& N A 14 BERBERE L7, A RIERE E L, 5
BEFERT TV - ~FH L =12 2ENBERET2HESR v~ b7 77 4 —I2 XV
WL tk, 7RV AERREHEREE T2 ESRZ v~ M7 T 7 0 —I12fF L 1.32 mg (I -
0.6%)DALA Y 3 2447~ "H NMR (400 MHz, CDCl3) 6 2.26 (s, 3H), 2.29 (s, 3H), 2.60 (s, 3H), 3.02 (s,
6H), 6.06 (s, 1H), 6.55 (d, J = 3.6 Hz, 1H), 6.63 (d, J = 3.2 Hz, 1H), 6.64 (s, 1H), 6.75 (d, J = 8.8 Hz,
2H), 6.97 (s, 1H), 7.04 (d, J = 16.0 Hz, 1H), 7.46 (d, J = 16.0 Hz, 1H), 7.66 (d, J = 9.2 Hz, 1H), MS m/z
446 (MH)).
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AR A Y T~ —ITfEAT HILEMOBEFEE BR L LT, Aggregation process monitoring assay
%17 - 7=, Amyloid B-Protein (Human, 1-40) (Code: 4307-v, Lot: 651109, Peptide Institute, INC.) 0.55
mg (0.13 pmol) & ~FH 7 /LA 1 A V71,3 —/L (HFIP) 130 pL (Z¥EfE L, 40 pL 321245 7E
L7z, HFIP # ¥ £ L-80 CTHRIFL7-, ERICHWD & X2, 65uM (2725 X 5 1T PBS IZIAfE
L7z, ZOWH%E 37C, 300rpm THRE Lz, 1 v FaX— MHEND 1,2,3,4,5,6,24 REfH
BICHEL L 10 512/ L7z, AR AB VAR 132 pL, PBS 168 uL, aHlifb G4~ % 7 — L¥EIR
30uL ZEAL, M 10min A > F=2X— kL7, TOK, &V TNk E F 721386 A
~7 MVERIE L2, PBS 300 L & FEAli{L A4 D EtOH i 30 pL DIRAAERE 2> ha—/L
L7z, WEMHPOLLUTOXRTHEAELLEEHANTY 7 72 ER L (FFo= GHB{tE® D
HNHE—N 7 77 R)(2r br— Vv OENEE-—Ny 7 7T R)), dHiiflba & LT,
MR ® 4-aminofluorescein, rhodamine B. 7-hydroxy-4-methylcoumarin, 3,6-diaminoacridine-HCI,
curcumin, 3 X OHFEH b AEKEH G L72/LE ¥ Téd 5 PP-BTA-1 (Ono et al., Bioorg Med Chem,
17,7002-7,2009), DTM-1, DTM-2, DTM-3 (Watanabe et al., Chem Commun, 51, 17124-7,2015),
BODIPY 27 % v 7=,
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Scheme 1. (a) CHCIl;, POCl;, BF;0Et,, Et;N; (b) Pd(PPh;s)4, 1,4-dioxane, Na,SO;; (c) 1, toluene,
piperidine, AcOH

FHEE S 9 B Hi O 4-aminofluorescein, rhodamine B, 7-hydroxy-4-methylcoumarin 33
& % 3,6-diaminoacridine-HCl @ E/FglZ+ _XTD X A LR A MZBWT I BETHY, 73
A FEERBHERETHHF 47 I € T (ThT)D F/F i 5~20 2l L TIREZ R L7-, L
TR T, ZH DAL APy DHER, 4V I~v—BIL MOV T bR T 720
Zz bm, —J7. curcumin OEYGHRE T ThT L REEIC EH L7722 &6, curcumin 1X ThT
ERIFREOREE O ABRER LRI T 5 B2 bz,

DTM-1, 2, 3 TV b 5 BRI LARRICH L2 B L7z, ThT oY EA- & RO R&H
ThHoleZ b, T DLEWIE curcumin & FERIZ, ThT & FAROEEE D AREEIRIC
FEATDH I IR SN, PP-BTA-1 CTiE 680 nm DU E CTHH L7284, ThT LR L ¥
A LHRA I EENTHEDO ERNEE I Nz, —F T, 620 nm T OHEEIHE L, ThT LV
N A LRA 2 I bEt EARRD O, ZORKEL Y PP-BTA-1 (X ThT £V b &
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