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T Y N A < —JFH(Alzheimer’s disease; AD)IFFRANEDIRAKDEKTH V, % DHEEFEEIT
HRENCHEML T2, ADEFOMNIGERFNICERT 5 X7F FTHET7 I ( FB (amy
loid B; AB)IE, AB7 4 7 UV IR IEN 5 AEMEDBEMREZTZR L, FAERT X Y MMNICiE
T3 2e0b, ADDNAF~v—A—E LCEHINTERZ23 LaL, @EECENTD
AB7 4 T I NDERBED ONDBAT LD, Hilla A+ ~v—H—DERBKD LN T
5. APEBHEBRICEWT, ALY I~ — L IFiEh 3 aEtE o BERE KT 2 2 & 255
bNTHEY, ABZ74 7 I AL 0 FIICINICERT 2 2 easEINTW 55 2T,
ARA ) T2 —ZABDEEIVED T T, IDEMVEEEA T LI EARBINTED6T,
ADD AL A~ —Hh—B X EBENE L GEFFEHAED Cnd, Lo T, ABAY =
~—FEWE L4 A=V v EOBRIZADDREME, FHIZW, BRI EE T
HDHH, TNETICARA Y v —DFERWHE I LI N TR, A A -2 v 7
FNAEDE WA XA =Yy 7ETH Y, #7Tu— 7R3 2 LIk v, RO ERE
DYTAXA LGB EAREE 358, % 2 TAWIIE TR, ARA Y o'~ — D@ R IC &
TEFMENA A= v 77T u—TORREIT - 7-.

ABF ) T~ — DMl G IR EMHEI N TE L9, #X T n — 7 omENis T
WAt CcH 5. 2T, FIBMIAEECHIEINZARY 4 7V MENHN 7 v — 7T
HrARu Yo X7/ (BODIPY)FEEADBAP-1% U — FL&EW & LT, @kt
R EREWL 1L EM R RGE - AL, FEEETEABTI 2 E L 2. EEit A
DABA Y T~—B X UPAB7 4 7V NVEIE T IC BT 2 EHNBEZHE L 72 L T 5, BAOP
163 R D VAR Y I —EIRM 2R L 72, BAOP-16DARH V) o'~ — i # ¢ 7 o —
7l L CoEMAEEZFT 2 2oic, ARXEEIFRIA T 2 #E R iz ~ v R (APPNLGF
NL-GFow 2 YD RV 2 w2 et X O ERENA A=Y v 7R L 72
A, ABF ) av—oua[{LICKII L7z, b DGR X D, BAOP-1613ARA V) o'~
— OERBEHEICICHTRETH 5 2 L BIRB Iz,

FRENA A=V v I 0w T, M@l muRIERHER O 2 RINT 2 dHx% 7
0 — 7R A A =Y v JHBRORGZ AREICT 5. % T T, BAOP-16D AR HE A
A=V v BT 3I0HER M ET 272000, TRIN - #EHERORBERIC X 2AB4 Y
T~ —MRHEEDOWEZ B L 25SLEWEH 721G - AL, ARA ) o'~ —fFEIVHDE
7u—7L LCOFMAMEZIHNL 72, 725 T b BAOP-2425ABA U o'~ — X4 5 g
REZAER L 2D, TN - HOLE RO RKEEM S X UARA Y I~ — & EZ 01 |- %
R L7z, BAOP-24% W THAMRENA XA =P v 7R EML 7= L & 5, APPNL-GINLGF< vy
ZADHFFICHEVWTIEF 7 R LB L THWEN Y 7T AR bz, Zhb DR
£V, BAOP- 24D ERNARA Y I~ — OERWBHICE T 2N A -V v 7T o -7
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CLTHEMHTH B L BREBINT.

MR &2 H VB ANAFT v 4 ICE T, #E T -7 ICXBABAF ) I~ —DFER
R X, ADDFIE A 1 = X L DFIICHBANS 2 L Z 2605, LA L, BAOP-1613/F
BIE L PHEDE 205, IKRIBE~DBEMBVERK L, N T v 2 A4 ~DISHIZIRE
CTHsb. 22T, KEBEBICHL THVWEREZE T 2ARF Y I~ —EREHE 7 0 —
T OFEEITo72. BAOP-16% ) — FMLaW e L <, KAk mWEIREDEBEAL X5
B MERMEZITY 2 LI XV SEEM R HT 2 ICERGT - AL, ABA Y =~ — 1R
Fu—7r LCOFAELFML 2. ABA ) v —B X UART 4 7V AMETE FIc B
% SO B X ORI 3 2 R % BT L 72 455, sBAOP-2-31ZARA Y I~ —IC
W 2ECEREZ R T L DIC, BNAKEEEZET 2 LBHL o7, T BT,
sBAOP-2-3 3 ABEEEE AL OB HiE 2 FV 72 7 v & 4, APPNCGFNL-GF< vy 2 o ik Y] F
ZHWZHENREICE T, ABF ) I — 2B RAICRA[RECH 2 2 LRI Nz, T
LDFEER XD, SBAOP-2-3031A 4T v & 4 IS ARERARA ) o~ —fEfHE 7 — 7
ELTHEHTHL Z EREINT.

DLk, REFFEIZABA Y I~ —%EW & Lz#KA A=Y v 7T n— T ORI RE%
Db DTH Y, ZbDHEITADDIRREMREIH, FHAZM, BRI ICH I R IEH
ERMT 2 0EEZLND.

INHDFFRICOWT, UTICFFEdRT 5.



B1E
EENICEBIT S ABLF Y I~v—0RRWBEEZ BN E L&
WMNA A=Y v 7o — T D% L 5l

R

Elinfeth 0 FERICHE -, FRAE O MEEFEILZHICHIML CTH H, 2050 FicizatHR
T 1185280 HTAICET 2 LHEHE T w2 12, FAVE I SRE 0 FE RN TH % 27217
T, ME~DOBECAHSCEREBRKOIFARK L oTWna B 7oAy g =—JF
(Alzheimer’s disease; AD) I FEEHVE DI ADIRK TH % 23, FEIEA 1 = X LTRSS T
67, FHBZWECHRIBFREORMAE RO bTwb, AD OFRBEFHED 1 2 & LT,
3943 RELDT I VEH ORI NDERTF FTHBT I v FB (amyloid B; AB)D, A
KBTI 2BEAEEIET LN 415, ABREET 2 2 L CHNICE TS EAEEL &
LT LHBHMONTEY, 50 THNEEOHHEREEEARTH 2 AB7 4 7'V ik AD DFESE
LIRGT X W NICiiE 35 ' b, AD ORI EZHNE LA A=Y v /T e —TD
B E LTHWONTERZ 23, L2LaS, AB7 4 7V VIFEFEFEOMANICE W THFE
Dot ZOERMEL AD OEEE & O OHBEAE N L AWE T T3 16,

AR, WAMED ABEIEARTH 2 ARA ) I~ =2 ABOBEIVEO T TR b M EHEEH
LTHEY, ADDFIELHEBHb-oTWwb L35 4 ) aT~v—{Kil] 3FFEnTnd 67,
MAT,ABA Y T~ —1F AB7 4 7Y VX RIRICIANICER T 2 S C e s Ts h,
AD ZMIC BT 27" A A ~—h—L VR LEILNS, T HIT, 2023 FICTITED
TEBD ATV I~—TH2 AB7u + 74 77U AEIER L LEYUEATH 2 L h 42~ 7D
IRERERIC 35 T ABEEERAR DN~ D ERE-CRRANER DT 2 INH| L 72 2 L 3 S sz 1,
COFEREZT, LA A~ 7% 2023 FFICKERMESRE S S X CEATEE X A
I TEY, ABFY I~ — 1 3BFEN L LTCHEFEHZEDTWE, LEAE-T, ABAFY
T —DERA A=V v SIEORFEIT AD OFRREMH, FHIESWL R ICERT % &
Eibnhd.

WA A= v 7R3 EEr OO E A A=Y v 7ETH Y, T e —TEHn
52LT, BHOREEDLDY T XA LBRIAARETH 5 8. A X — v ZICHw
LN BRI O R T, WARIME(650-900 nm) i3 DS E A <, fEkHko
HEH RN DBELD D 7 Wik & LCTAIS T\ %, D RIMEIICIRIN - #%HE 2 F
BENARX—T v T a—T1%, Fic=w A EO/NFYE A WTEZEERA A= v It B N
THRAE ESWY —L e LTEHERTWS 38, cinETic, ApAF ) a~v— DAk A 2 —
v 7 HBE LT, HBEOENAA -V v T = TR I N TSR 9B, ABEF Y I
~— IR T B EIRECH N RO I R EDORICE W THELH Y, ApA Y I~ — D4R
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AR=Y VY EDOWEITIZRE > TRy, ZZTARETIE ABA Y I~ —DERA A=V v T
WIGHIRIRER N A A=Y v 7T u— T O 2T - 7-.

B1fi APF Y I~—EBHEHNA A -V Vv IS Tu—-ToRFEEHNE L
BODIPY FHE kR EiE AR

ABF Y T~ — DM G IR ZMHINTE LT 9, ARA Y I~ — %R & L2280
70— 7 %R ICERGEN S 5 T L IINEETH 5. L 7228 o T, HEHEIEHEAE BA(structure-activity
relationship; SAR)ZS ARA ) I~ —%IE & L7287 0 — 7 ORI ICE W CTH ) R g C
HHrEEZOLNDL, SARWEZITHIICH-Y, Fuvvo T /(BODIPY)BKICEHL
7-. BODIPY [ZEN 7= dOEFHE, @V L ZENE, KRofllamEt:, GROES S 5 EDF;
HEALTEHY 2027, SARMILICHE L 4 EHITH 5 LE 2 bivd. diifE, BODIPY % B
&T 5 ABA Y I~ —fENHDE 7 e — 7(BD-Oligo®, NB) LG I N T Wb, LA LD D,
BDO@O T HEH RO (hem < 600 nm) &\ 9 FBREHH ) B, NB ITIZERICHZIT

IEANEDRE L D TEPIRKEVE WIREL D2 2720, LD 7 u—TDEEKR~D
TE)EH IR CTH 5. 2 ZTAREITIE ARE Y I —ENHNA A = v 7T v — T DT
Hiy & LC, BODIPY #58{kD SAR W5E% 1T - 7z.



1.1.1. EBAE
A - B

I L, FH T4 TR IBRASHE, U RS, §14 7 1 v ol s
#1:, Sigma Aldrich t1:;, BLD Pharmatech f1:2> bHEA L 72, HHESEWEK I v~ 2777 4 —
B, IERASHRAERE P ES BRI v~ F 77 7 > 27 L (EPCLC W-prep
2XY; IEW A v 7 (1 F 3 — M) No.580D, #H (KR EEM): prep UV-254W, 77 27 v =
valL 7 X —:FR-260)%f#H L, HI-FLASH COLUMN (FRHA: >~V A7 ABH 5 0xT7 1/
Tu BRI D AT, BT =% A4 X 60A, W 40um, BT L4 XML BB
IZ 2L)3% £ UV INJECT COLUMN (FSHEA: VAT A BH 50X T 37 7 u e iERis U A
TN, BT —H4 X 60A, KR 40 ym, B 7594 XM 50T L)RES Lz Kk
SRR 1E HARTE 7R U438 JEOL INM-ECS400 & % \» (% JEOL ECAS500 % F\>,
tetramethylsilane % NEFHEY)EH & LCHIE L 7z, ¥ —2 DA v 7'V v 7T—HEHik % s, ~H
ME d, ZHEME , WEREY q —ERo _ER% dd, ZERo _HEifE d, UERO &
W% qd, LEME quin, ZEMEZ m, 70— FE—2%br Lid# L7z, =L 27 b AT L —
A F v ALE & 737 (electrospray ionization mass spectrometry; ESI-MS)IC I3RSt B 3t B E
Bl 7 v~ b 77 7EESHEE LCMS-2020 EV % I WCHIlE L 72, &0 fREEE &0 iT
(high-resolution mass spectrometry; HRMS)IC I3 ¥R &t B Erl e s v~ b 772 78
HIrHTEF LCMS-IT-TOF & 3 3 HARBE FR a8 R E 20128 E IMS-700 %
WTHIE L7z, @ik 27 v~ + 777 7 4 —(high performance liquid chromatography; HPLC)
BEEIC L, AL EFRRENE LC20AD 2 L, ML LTENAR~<7 it
SPD-20A ¥ X Uf 2 =N — F Uitk X 254180 RT R HIER US-3000 ZffifH L 7=, i#ifH HPLC H
N T LCEFH T4 T A7 HRASHEE COSMOIL 5Ci5 AR-IT 4.6 mm LD. X 150 mm % fififf] L
7. B b ABXTF FA4) RIS~ TF FIFEAT L W BEA L 72, AT eiicix
PR St B U E T SR AL AT Y EERE UV-1800 % L 72, #Em ik ic i3pk Attt
BB EpT e o LT RF-6000 2 L 72, 4 7 v 7L —} U — X —IC|Z TECAN
#HHl~ 4 78 7L —F U — X —Infinite® 200Pro ZfHHH L 72, 8F 13 5UER R R 5 b e i e
22 HIEANL 72, BEHREDMIEIC X PerkinElmer 1% Wallac WIZARD2480 % fliff L 7z. #¢
BRItk et ¥ — = v 28— 4 v 7 VEEMEE BZ-9000 % {FHF L, BHHEFEE T
AV AN ZRA AR v 7 R HEOCHRGRIEE FSX100 Z i L 72, BEEOEA X = v 7
IZ 1% PerkinElmer #1:#! IVIS SPECTRUM 4 X —¥ v 7' A7 L% Wiz,

EOEY

YR E R YRR EZ B A CORREZRR, ZDIEHZEF L TiTo 7. ddY =V
ABLCSTBLI6 v 7 A FHAZ R vy —RA S E X VA L 72, APPNLGFNLGF < vy 2
IR ERT N A A Y Y — AW v & — X D R R 2T 72, B3 12 RS/ 12 BERE o
B A 7 VEHLcE L, SRl KITHBICE 2 7.
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ok
BAP-1'°, BAP-2%8, TAU-1%, TAU-2%°, DANIR-2¢%0, PTO-41%

WFROLATIC OB T S, BEOAHGEICHE, GRL7:. I — X conTit
BE L BT\ 3 C & HEE L 7 10.25.25%,

(E)-4-(2-(5,5-Difluoro-1,7,9-trimethyl-5 H-41*.5\*-dipyrrolo[ 1,2-¢:2'.1'-A][ 1,3,2]diazaborinin-3-
yDvinyl)-N.N-dimethylaniline (3, BAOP-1)

1,3,5,7-Tetramethyl BODIPY (1) (139 mg, 0.56 mmol), FFl#(364 uL, 6.3 mmol), & -~<VU 2 v
(364 uL, 3.9 mmol) % 4-(N,N-dimethylamino)benzaldehyde (2) (83.4 mg, 0.56 mmol)® F /LT v/ ¥
Ao mLY TNz, RIGHET$5 £ TI00CTHIEL 72, AmEEZIEHEEL, Rikx> VA
Frru= 777 4 —(Z7auRLL/~FH=30/70)CTHE L CTHRY 3 %I 21.6 mg
(10%)Tf%72. 'H NMR (500 MHz, CDCl3) § 7.43 (d, J = 8.6 Hz, 2H), 7.35 (d, J = 16.0 Hz, 1H),
7.16 (d, J = 16.0 Hz, 1H), 6.88 (s, 1H), 6.63—6.59 (m, 3H), 5.96 (s, 1H), 2.96 (s, 6H), 2.49 (s, 3H),
2.21 (s, 3H), 2.18 (s, 3H). MS (ESI) m/z 380.1 [M + H]".

(4-(Dimethylamino)phenyl)methanol (4)

4-(Dimethylamino)benzaldehyde (2) (597 mg, 4.0 mmol)D /K X %/ — ViR IS /K FRL+F 7
FF U U L(227 mg, 6.0 mmol)Z K T ANZ, Zim T 30 pRIEE L 72, KEMATRIG%E
{Fik & & 721, BEfET 5 L(Q00mL) T L7z, WA RIEREEL, REZ VA7 o
~ M7 4 —(BERE T T L/~ F Y = 15/85) THEEL L CHIY 4 % L& 393 mg (65%) TfF
7z. '"HNMR (500 MHz, CDCl3) & 7.25 (d, J = 8.6 Hz, 2H), 6.76 (d, J = 8.6 Hz, 2H), 4.54 (s, 2H),
2.96 (s, 6H), 2.70 (s, 1H). MS (ESI) m/z 152.1 [M + H]".

(4-(Dimethylamino)benzyl)triphenylphosphonium bromide (5)

L&Y 4 (130 g 8.6 mmo)% + VU 7 = =Nk X7 4 v BALKEREN3.25 g, 9.5 mmol)D 27 1
1ROV LRI 2, 60°CTC 4 IR L 72, W2 TR £ L 721, K& % 0°ClTmEI L 72
VIFAI—TMICHZ, WEET 4V Z—AETRINT S L THWY 5 ZILE 4.03 ¢
(98%) CTF37z. "HNMR (400 MHz, CDCl3) § 7.63-7.57 (m, 3H), 7.48-7.44 (m, 12H), 6.65 (d, J= 8.6
Hz, 2H), 6.25 (d, J= 8.6 Hz, 2H), 4.78 (s, 1H), 4.76 (s, 1H), 2.68 (s, 6H). MS (ESI) m/z 396.1 [M + H]".

-4-(2-(1H-Pyrrol-2-yl)vinyl)-N,N-dimethylaniline (6

F P YU TLRA R F T F(334 mg, 6.2 mmol)Z LAY 5 (2680 mg, 5.6 mmol) DK X X 7 — L
WK T A, =< 15 MR L 72, 1H-Pyrrole-2-carbaldehyde (535 mg, 5.6 mmol) %
Mz, 73 v HRERSKT, 60°CT 6 RFEIEIEL 2. KEM A 7%, BT /1200 mL)
THH L 72, BHE % SRRk Cieid L 721, g+ U v L Tk L 7z, 4% R 3



EL, Wiz VAT a= 277 4 —(lfBFVv/~F 3 v=10900B L 0T I/ 7
o e AERiS YU AT A a= R 7T 7 4 — (W F v/~ F 5 v=25/75) THEEL L THI
Y16 % IR 59.6 mg (10%) Tf57z. 'H NMR (500 MHz, CDCl3) 8 8.17 (s, 1H), 7.24 (d, J= 8.6 Hz,
2H), 6.70 (d, J = 16.0 Hz, 1H), 6.67 (dd, J = 4.0, 2.9 Hz, 1H), 6.63 (d, J = 8.6 Hz, 2H), 6.52 (d, J =
16.0 Hz, 1H), 6.20 (dd, J = 5.7, 4.0 Hz, 1H), 6.15 (dd, J = 5.7, 2.9 Hz, 1H), 2.89 (s, 6H). MS (ESI)
m/z213.1 [M + HJ".

(E)-4-(2-(5,5-Difluoro-7,9-dimethyl-5 H-41*,50*dipyrrolo[ 1.2-¢:2'.1'-f][ 1,3.2]diazaborinin-3-
yDvinyl)-N.N-dimethylaniline (7, BAOP-2)

L&Y 6 (59.6 mg, 0.28 mmol) % 3,5-dimethyl-1H-pyrrole-2-carbaldehyde (34.4 mg, 0.28 mmol)
DHEKY 7 ma A Z v (dichloromethane; DCM)EWRICHI 2, 7TV HAFHS T, 0°CT 15
OriEEER U 7=, kA 2R Y v(26.1 pl, 0.28 mmol) %/ L 2l 2, 7 =¥ 7 AEFHA T,
0°CT 15 fEHFRE L 7248, T oICEm< 1 KL 2. =7 vftFxvRyzFra—7
VEERQ261 pL, 2.52mmol)B X b Y = F 47 2 (352 ul,2.52mmol) Z Mz, 7=V H A
FHAT, FiRT 15 RKREHEEL - KEMA%E, Zveedsra@00mL) Tt L7z A
BRI % BRI B K CHE L 7218, BREES b U v ARk L 7=, IR B L L, RiEx 7
17 AEEBHi ) AT~ N 2T T 4 —(Z v a R L/~F Y = 30/70) TR
LCHMY 7 % IR 4.0 mg (3.9%) THF7z. "HNMR (500 MHz, CDCl3) 8 7.43 (d,J= 8.6 Hz, 2H),
7.38 (d,J=16.0 Hz, 1H), 7.19 (d, /= 16.0 Hz, 2H), 6.90 (s, 1H), 6.87 (d, /=4.0 Hz, 1H), 6.77 (d, J
=4.0 Hz, 1H), 6.63 (d, J= 8.6 Hz, 2H), 5.99 (s, 1H), 2.96 (s, 6H), 2.52 (s, 3H), 2.17 (s, 3H). *C NMR
(125 MHz, Acetone-d®) 8 156.67, 156.58, 152.32, 141.82, 138.42, 136.33, 135.08, 130.37, 129.71,
125.32,122.42, 119.76, 116.48, 114.87, 113.05, 40.22, 14.72, 11.16. HRMS (ESI-TOF) m/z calcd. for
C21H23BF2N3, 366.1948, found 366.1947 [M + H]".

(2E.4E)-5-(4-(Dimethylamino)phenyl)penta-2.4-dienal (9)
BER DA BGEICHEYS, Wittig SOSIC X 0 &L 7. B8RO 7 — 2 13 & — &L T3
T & RRERL 7230

4-((1E 3E,5E)-6-(5,5-Difluoro-1-methyl-5 H-41* . 5)\*-dipyrrolo[ 1,2-¢:2'.1'-A][1.3,2]diazaborinin-3-
yDhexa-1,3,5-trien-1-yl)-N.N-dimethylaniline (10, BAOP-3)

k&Y 3 LRk ERGEIC X Y, 5,5-difluoro-1,3-dimethyl-5H-4A%,5)*dipyrrolo[1,2-¢:2',1'-
£1[1,3,2]diazaborinine (8)% X ML 9 2> 5, HIY 10 % L& 37.2 mg (64%) TH7z. "HNMR
(500 MHz, CDCl3) 6 7.55 (s, 1H), 7.30 (dd, J= 14.9, 8.6 Hz, 2H), 7.17-6.99 (m, 3H), 6.79-6.48 (m,
8H), 6.36 (dd, J = 4.0, 2.3 Hz, 1H), 2.96 (s, 6H), 2.16 (s, 3H). *C NMR (125 MHz, Acetone-d®) &
151.82, 144.26, 143.08, 142.86, 142.03, 139.41, 138.91, 138.00, 131.27, 129.94, 129.25, 125.88,
125.14, 123.12, 120.93, 118.74, 116.46, 113.03, 112.97, 40.24, 11.34. HRMS (ESI-TOF) m/z calcd.
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for C24H25BF»N3,404.2104, found 404.2100 [M + H]*.

4-(Piperidin-1-yl)benzaldehyde (13)

4-F A u XY XT AT F(372 mg, 3.0 mmol) % £ ~= U ¥ (281 mg, 3.3 mmol)¥ L WKL
71V 7 25(498 mg, 3.8 mmol)®D NN-3 X F )L T I F(N,N-dimethylformamide; DMF)i&HZ i<
Mz, 140°C TR L 72, KEZ 7212, Bl V/~F 3 v BATE(1/2) (200 mL) THiH
L7z, BHEx Bk clis Ltk MEF Y v Aok L 72, WIEEZRIERE L L, &
e Vhrnra< b 777 4 —BET T V/~F 5 =595 THEL CHIY 13 ZIUE
547 mg (96%) Cf+7z. "H NMR (500 MHz, CDCl3) § 9.72 (s, 1H), 7.69 (d, J = 9.2 Hz, 2H), 6.86 (d, J
=9.2 Hz, 2H), 3.38 (t,J = 5.2 Hz, 4H), 1.66-1.63 (m, 6H). MS (ESI) m/z 190.0 [M + H]".

4-(Pyrrolidin-1-yl)benzaldehyde (14)

LEM 13 LEBEDABIEICK Y, 4-70rFuxy X7 AT e FBX YR Y YV hb,
HY 14 % L& 478 mg (91%)Tf572. 'H NMR (400 MHz, CDCl3) § 9.69 (s, 1H), 7.69 (d, J =
8.7 Hz, 2H), 6.54 (d, J=8.7 Hz, 2H), 3.35 (t, J = 6.4 Hz, 4H), 2.05-2.00 (m, 4H). MS (ESI) m/z 176.0
[M +H]".

4-(Azetidin-1-yl)benzaldehyde (15)

4-7 ARy XT T b F(372 mg, 3.0 mmol)% 7 £ F ¥ v (280 mg, 3.0 mmol)F
X OREE A VU 7 2(841 mg, 6.0 mmol)D ¥ X F L Z L7k F o F(dimethyl sulfoxide; DMSO)i&
ICHNZ, 10°CTHREIRIE L 72, KEM R 7212, FiET FV/~F % v BAW(1/1) (200 mL) T
il U 7=, GHJE % AU Koo L 72 1%, Bile) t ) v A ClK L 7. % TR &
L, Wz VAhrrru~ b 777 4 —@BFETFV/~F 3 v=1585)CTHEL CHIY 15
% I 228 mg (71%) Tf5372. 'H NMR (400 MHz, CDCl3) § 9.61 (s, 1H), 7.59 (d, J = 8.7 Hz, 2H),
6.26 (d,J= 8.7 Hz, 2H), 3.90 (t, J = 7.0 Hz, 4H), 2.36-2.28 (m, 2H). MS (ESI) m/z 162.0 [M + H]".

4-Thiomorpholinobenzaldehyde (16)

EE 13 LEEDERIEIC LY, 4703V IXTAT e FELBFAELFY v
5, HIYI 16 % L& 482 mg (78%) CTfH7z. 'H NMR (400 MHz, CDCl3) & 9.75 (s, 1H), 7.73 (d,
J=8.7Hz, 2H), 6.84 (d, J = 8.7 Hz, 2H), 3.81 (t, J= 5.2 Hz, 4H), 2.68 (t, J = 5.2 Hz, 4H). MS (ESI)
m/z208.0 [M + H]".

4-(4-(2-Hydroxyethyl)piperidin-1-yl)benzaldehyde (17)

{LEY 13 LEBOAREICEY, 471rF xRy X7 AT FE XU 2-(piperidin-4-
ylethan-1-0l 2> &, HIIY 17 % INE 598 mg (85%)Tf5F7z. 'H NMR (400 MHz, CDCl;) & 9.63
(s, 1H), 7.64 (d, J= 9.3 Hz, 2H), 6.80 (d, J = 9.3 Hz, 2H), 3.84 (d, J = 13.3 Hz, 2H), 3.65 (t, J = 6.4
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Hz, 2H), 2.83 (td, J= 12.8, 2.3 Hz, 2H), 2.66 (s, 1H), 1.74 (d, J = 13.3 Hz, 2H), 1.66 (m, 1H), 1.47 (q,
J=6.4Hz, 2H), 1.23 (qd, J = 12.8, 4.1 Hz, 2H). MS (ESI) m/z 234.0 [M + H]".

4-(4-(2-Hydroxyethyl)piperazin-1-yl)benzaldehyde (18)

L&Y 13 LRMOABIEICL Y, 47104y X7 AT e FE X 2-(piperadin-4-
ylethan-1-ol 2> &, HEYH 18 % L& 54.0 mg (7.7%) CTH37z. 'HNMR (400 MHz, CDCl3) § 9.77
(s, 1H), 7.71 (d, J= 9.3 Hz, 2H), 6.88 (d, J= 9.3 Hz, 2H), 3.65 (t,J = 5.8 Hz, 2H), 3.38 (t, /= 5.2 Hz,
4H), 2.63 (t,J = 5.2 Hz, 4H), 2.58 (t, J = 5.8 Hz, 2H). MS (ESI) m/z 235.0 [M + H]*.

4-(3-Hydroxyazetidin-1-yl)benzaldehyde (19)

tert-Butyl 3-hydroxyazetidine-1-carboxylate (866 mg, 5.0 mmol)% F U 7 v v [{E [ (trifluoro
acetic acid; TFA) (3 mL)& DCM (14 mL)DEAEBEICM 2, =i T | KefEiEE L 2. Btz
WERZE L, A% DMSO (10 mL)ICIRE X 2721, 4-7 A4 v Xy X7 LTk F (621 mg,
5.0 mmol) & JREE/ V ¥ L(2.1 g, 15 mmol) & Al 2, 110°C TREIRIPE L 72, KEIMZ -4, B
= F v /~F % VIRAEW(1/1) (200 mL) THiH L 72, AHE Z B K oo L 7212, i
B b ) v ACHKL 7z, BREERIEEEL, EiEz> YV Arvru~ b 7T 7 4 — (B
I Fv/~F Y v=20/80)THE L CHIIIY 19 % ILE 428 mg (48%) TfF7z. 'HNMR (400 MHz,
CDCl3) 8 9.56 (s, 1H), 7.58 (d, J= 8.1 Hz, 2H), 6.29 (d, J= 8.1 Hz, 2H), 4.76 (m, 1H), 4.20 (t,J= 8.1
Hz, 2H), 3.80 (d, J= 8.1 Hz, 2H). MS (ESI) m/z 178.0 [M + H]*.

(E)-2-((4-(2-(5,5-Difluoro- 1 -methyl-5 H-4A*,5\*dipyrrolo[ 1,2-¢:2'".1'-f][ 1,3.2]diazaborinin-3-
yDvinyl)phenyl)(methyl)amino)ethan-1-0l (21, BAOP-4)

L&Y 3 ERBEDERGEIC LY, {LAYI8 BL U N-AFL-N(Q2-t FrF L TFN)4-T 3
JRYRZT AT e FADR 5, BY 21 % ILE 67.1 mg (42%) Tf5 7. 'TH NMR (400 MHz, CDCls)
87.58 (s, IH), 7.46 (d,J=8.7 Hz, 2H), 7.41 (d, /= 16.0 Hz, 1H), 7.30 (d, /= 16.0 Hz, 1H), 7.01 (s, 1H),
6.80 (d, J=3.7 Hz, 1H), 6.70-6.68 (m, 3H), 6.39 (dd, /=3.7, 1.8 Hz, 1H), 3.81 (t, /=5.5 Hz, 2H), 3.53
(t,J=5.5 Hz, 2H), 3.04 (s, 3H), 2.26 (s, 3H), 1.70 (br, 1H). MS (ESI) m/z 382.1 [M + HJ".

(E)-4-(2-(5.5-Difluoro-1-methyl-5H-4\*,5\*-dipyrrolo[1.2-¢:2'.1'-A[ 1,3.2]diazaborinin-3-y1)vinyl)-
N,N-diethylaniline (22, BAOP-5)

&Y 3 LRk GRGEIC X b, (LAY 8 5 X U 4-(N,N-diethylamino)benzaldehyde (12)72>
5, HIY) 22 ZINE 54.5 mg (53%) Tf+7z. 'HNMR (400 MHz, CDCl3) § 7.56 (s, 1H), 7.47 (d,
J=17.8 Hz, 2H), 7.40 (d, J=16.0 Hz, 1H), 7.31 (d, /= 16.0 Hz, 1H), 6.99 (d, J=4.1 Hz, 1H), 6.78 (s,
1H), 6.71 (d, J=2.8 Hz, 1H), 6.62 (d, J = 7.8 Hz, 2H), 6.38 (s, 1H), 3.40 (q, J = 4.6 Hz, 4H), 2.25 (s,
3H), 1.18 (t, J = 4.6 Hz, 6H). MS (ESI) m/z 380.2 [M + HJ".




(E)-5.5-Difluoro-1-methyl-3-(4-(piperidin-1-yDstyryl)-5 H-4\* 5A4-dipyrrolo[ 1,2-¢:2'.1'-
f1[1.3.2]diazaborinine (23, BAOP-6)

&P 3 LRtkOGEGEIC LY, LAY 8 BLMLEY 12 225, HEYY) 23 Z2IUE 37.1
mg (61%)TE72. 'H NMR (400 MHz, CDCl3)  7.59 (s, 1H), 7.48 (d, J = 8.7 Hz, 2H), 7.44 (d, J =
15.7 Hz, 1H), 7.31 (d, J = 15.7 Hz, 1H), 7.03 (s, 1H), 6.85 (d, J = 8.7 Hz, 2H), 6.82 (d, J = 4.1 Hz,
1H), 6.71 (s, 1H), 6.40 (dd, J=4.1, 2.3 Hz, 1H), 3.30 (t, J = 5.5 Hz, 4H), 2.62 (s, 3H), 1.68-1.56 (m,
6H). MS (ESI) m/z 392.0 [M + HJ".

(E)-5.5-Difluoro-1-methyl-3-(4-(pyrrolidin-1-yD)styry])-5 H-4A* 5\*-dipyrrolo[1,2-¢:2'.1'-
f1[1,3.2]diazaborinine (24, BAOP-7)

&P 3 LRkOGEGEIC XY, LAY 8 BLMLEY 14 225, HIYY) 24 Z2IUE 393
mg (42%) Cf57z. 'H NMR (400 MHz, CDCl3) & 7.56 (s, 1H), 7.49 (d, J = 8.7 Hz, 2H), 7.41 (d, J =
16.0 Hz, 1H), 7.33 (d, /= 16.0 Hz, 1H), 7.00 (s, 1H), 6.78 (d, /= 3.7 Hz, 1H), 6.71 (s, 1H), 6.52 (d, J
=8.7 Hz, 2H), 6.39 (d, /=3.7 Hz, 1H), 3.35 (t, /= 6.4 Hz, 4H), 2.26 (s, 3H), 2.02 (t, /= 6.4 Hz, 4H).
3C NMR (125 MHz, CDCl3) & 160.82, 149.33, 144.28, 142.43, 138.53, 135.89, 132.53, 130.33,
123.32, 123.05, 119.97, 117.49, 115.07, 112.84, 111.92, 47.63, 25.41, 11.43. HRMS (ESI-TOF) m/z
calcd. for C22H23BF2N3, 378.1948, found 378.1943 [M + HJ".

(E)-3-(4-(Azetidin-1-yDstyryl)-5,5-difluoro-1-methyl-5 H-4\* 5A*-dipyrrolo[1,2-¢:2'.1'-
f1[1,3.2]diazaborinine (25, BAOP-8)

L&Y 3 ERBRDEREEIC L Y, LAY 8 BLMLEW 15 205, HIWY 25 ZILE 51.7
mg (59%) Cf57z. '"HNMR (400 MHz, CDCl;) § 7.57 (s, 1H), 7.41 (d, J = 8.2 Hz, 2H), 7.36 (d, J =
16.0 Hz, 1H), 7.26 (d, J = 16.0 Hz, 1H), 6.97 (s, 1H), 6.75 (d, J = 6.3 Hz, 1H), 6.65 (s, 1H), 6.33 (d, J
=6.3 Hz, 1H), 6.31 (d, J=8.2 Hz, 2H), 3.91 (t, J = 7.3 Hz, 4H), 2.34 (t,J = 7.3 Hz, 2H), 2.21 (s, 1H).
13C NMR (125 MHz, CDCl3) & 160.51, 152.73, 144.35, 141.99, 138.40, 136.47, 132.62, 129.90,
124.60, 123.62, 120.60, 117.40, 115.34, 113.67, 110.85, 51.79, 16.58, 11.44. HRMS (ESI-TOF) m/z
calcd. for C21H21BF2N3, 364.1791, found 364.1796 [M + H]".

(E)-4-(4-(2-(5.5-Difluoro-1-methyl-5H-4\*,5\*-dipyrrolo[ 1,2-¢:2'.1'-A][ 1,3.2]diazaborinin-3-
yl)vinyl)phenyl)thiomorpholine (26, BAOP-10)

LEY 3 LAtk AKEIC XY, LAY 8 5L MLAY 16 225, HIIY 26 2 IUE 264
mg (45%) CT1$7z. 'H NMR (400 MHz, CDCl3) § 7.60 (s, 1H), 7.50 (d, J = 8.7 Hz, 2H), 7.46 (d, J =
16.2 Hz, 1H), 7.31 (d, J = 16.2 Hz, 1H), 7.07 (s, 1H), 6.85-6.81 (m, 3H), 6.72 (s, 1H), 6.41 (dd, J =
3.5,2.4 Hz, 1H), 3.71 (t, J= 5.2 Hz, 4H), 2.70 (t, J = 5.2 Hz, 4H), 2.28 (s, 3H). '*C NMR (125 MHz,
CDCl) 6 159.91, 151.12, 144.43, 140.63, 138.21, 137.32, 132.80, 129.93, 126.29, 124.46, 121.48,
117.31, 115.73, 115.34, 115.31, 50.88, 26.03, 11.46. HRMS (ESI-TOF) m/z calcd. for C22H23BF2Ni3S,
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410.1668, found 410.1672 [M + H]".

(E)-2-(1-(4-(2-(5,5-Difluoro-1-methyl-5 H-42*.5\*-dipyrrolo[ 1,2-¢:2".1'-f][ 1,3.2]diazaborinin-3-
yDvinyl)phenyl)piperidin-4-yl)ethan-1-ol (27, BAOP-11)

L&Y 3 LFRROEEEIC XY, LAY 8 B X MELAM 17 226, HIWWY) 27 ZINE 42.5
mg (46%) CT157z. 'H NMR (500 MHz, CDCl3) § 7.54 (s, 1H), 7.44 (d, J= 9.2 Hz, 2H), 7.39 (d, J =
16.0 Hz, 1H), 7.26 (d, J = 16.0 Hz, 1H), 7.00 (s, 1H), 6.81 (d, /= 9.2 Hz, 2H), 6.77 (d, J = 4.0 Hz,
1H), 6.66 (s, 1H), 6.35 (dd, J= 4.0, 2.3 Hz, 1H), 3.78 (d, J= 12.6 Hz, 2H), 3.67 (t, J = 6.3 Hz, 2H),
2.77 (t, J=12.6 Hz, 2H), 2.22 (s, 1H), 1.75 (d, J = 12.6 Hz, 2H), 1.64-1.58 (m, 1H), 1.49 (dd, J =
12.6, 6.3 Hz, 2H), 1.28 (d, J= 12.6 Hz, 2H), 1.18 (s, 1H). 3*C NMR (125 MHz, Acetone-d®) 8 161.28,
153.53, 146.12, 142.63, 139.21, 137.20, 133.75, 130.55, 126.17, 124.95, 122.72, 118.48, 116.07,
115.68, 114.56, 59.85, 48.90, 40.30, 33.31, 32.60, 11.37. HRMS (ESI-TOF) m/z calcd. for
C25H29BF2N30, 436.2366, found 436.2364 [M + H]*.

(E)-2-(4-(4-(2-(5.,5-Difluoro-1-methyl-5H-4\* ,5\*-dipyrrolo[ 1,2-¢:2'.1'-A[ 1,3.2]diazaborinin-3-
yl)vinyl)phenyl)piperazin-1-yl)ethan-1-ol (28, BAOP-12)

L&Y 3 LRIEDARERICE Y, LAY 8 BXWMLEY 18 225, HIY) 28 % IIUE 5.6 mg
(4.6%)T#37z. 'H NMR (500 MHz, CDCl5) 8 7.60 (s, 1H), 7.51 (d, J= 8.6 Hz, 2H), 7.46 (d, J = 16.0
Hz, 1H), 7.31 (d, J = 16.0 Hz, 1H), 7.07 (s, 1H), 6.87-6.84 (m, 3H), 6.71 (s, 1H), 6.41 (dd, J=4.0,2.3
Hz, 1H), 3.65 (t, J = 5.2 Hz, 2H), 3.32 (t, J = 4.6 Hz, 4H), 2.66 (t, J = 4.6 Hz, 4H), 2.60 (t, /= 5.2 Hz,
2H), 2.27 (s, 3H) 1.67 (br, 1H). 3C NMR (125 MHz, DMSO-d®) § 159.78, 152.21, 145.31, 142.19, 137.83,
136.42,132.46,129.51,125.05, 124.44,122.42,117.92, 115.62, 114.44, 113.02, 60.10, 58.43, 52.81, 46.70,
11.18. HRMS (ESI-TOF) m/z calcd. for C2sH2sBF2N4O, 437.2319, found 437.2319 [M + H]".

(E)-1-(4-(2-(5.5-Difluoro-1-methyl-5H-4\* ,5\*-dipyrrolo[ 1,2-¢:2'.1'-A][ 1,3.2]diazaborinin-3-
yl)vinyl)phenyl)azetidin-3-0l (29, BAOP-13)

L&Y 3 ERBRDERERIC X Y, LAY 8 X MLA 19 226, HINY 29 % ILE 36.1
mg (29%) Cf#7z. 'H NMR (500 MHz, DMSO-d°) § 7.72 (d, J= 16.0 Hz, 1H), 7.58 (s, 1H), 7.55 (s,
1H), 7.46 (d, J = 8.6 Hz, 2H), 7.19 (d, J = 16.0 Hz, 1H), 7.10 (s, 1H), 6.95 (d, J = 3.4 Hz, 1H), 6.48
(d, J= 8.6 Hz, 2H), 6.43 (dd, J = 3.4, 2.3 Hz, 1H), 5.73 (d, J = 6.3 Hz, 1H), 4.63-4.57 (m, 1H), 4.18
(t, J = 8.0 Hz, 2H), 3.66 (dd, J = 8.0, 4.6 Hz, 2H), 2.30 (s, 1H). '3C NMR (125 MHz, DMSO-d%) &
160.14, 152.63, 145.25, 143.05, 137.96, 135.88, 132.36, 129.71, 123.91, 123.78, 121.79, 118.00,
115.40, 112.00, 111.45, 61.14, 60.69, 11.19. HRMS (ESI-TOF) m/z calcd. for Cp1HBFN30,
380.1740, found 380.1745 [M + H]".

(E)-4-(2-(5,5-Difluoro-1-methyl-5 H-4\*5\*dipyrrolo[ 1,2-¢:2'.1'-f][1.3,2]diazaborinin-3-
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yl)vinyl)aniline (30)

L&Y 3 LRk ERGEIC XY, LAY 8 5 X OF 4-aminobenzaldehyde (20)2* 5, HAEY) 30
# I 19.8 mg (40%) T1%7=. 'H NMR (500 MHz, Acetone-d®) & 7.50 (d, J = 16.0 Hz, 1H), 7.41 (s,
1H), 7.33-7.31 (m, 3H), 7.27 (d, J = 16.0 Hz, 1H), 6.89 (s, 1H), 6.79 (d, J = 4.0 Hz, 1H), 6.63 (d, /= 8.6
Hz, 2H), 6.29 (dd, J = 4.0, 2.3 Hz, 1H), 5.32 (br, 2H), 2.22 (s, 3H). MS (ESI) m/z 324.0 [M + H]".

4-Nitro-4-phenylbutan-2-one (32)

1,8-Diazabicyclo[5.4.0Jundec-7-ene (DBU) (760 uL, 5.2 mmol)d X XX vV H# L7 & F v (31)
(731 mg, 5.0 mmol)% = F 1 X X (6 mL)& DCM (14 mL)DIREABICIN 2, 0°CT 3 BH
L7, ZuvadrA(15mL)e FARET P Y v 2KERQEOmL) 2N A2, KISZEIEL 72
%, 7uuksrLQ00mL) T L 72, AEZEES Y v L THKL 721, 5% T
HMEL BEEZL VATV~ T 7 4 —(ZB0FNVL/AR) —)L=99/1)THH L
THWY) 32 % ILE 765 mg (74%) Tf572. 'HNMR (400 MHz, CDCl3) § 7.34 (t,J = 7.0 Hz, 2H),
7.28 (t,J=17.0 Hz, 1H), 7.23 (d, J= 7.0 Hz, 2H), 4.70 (dd, J = 12.2, 7.5 Hz, 1H), 4.61 (dd, J = 12.2,
7.5 Hz, 1H), 4.06-3.98 (m, 1H), 2.93 (d, J = 7.54 Hz, 2H), 2.12 (s, 1H). MS (ESI) m/z 208.1 [M + H]*.

2-Methyl-4-phenyl-1H-pyrrole (33)

L&) 32 (750 mg, 3.6 mmol), L7 U (946 uL, 10.9 mmol), FEFE 7 v € =7 4 (1670 mg,
22 mmol), Hi#E(348 mg, 10.9 mmol)Z A7 7 2 3 iz, 80°CT 1.5 WKL 7. K%
Mz, KISEFEIELZE, ZeakrsQ00ml) Tt L7-. AHEZ6iEEF + Y v LTt
KU 728, BIZRIEEE L. BRiEE2 VA5 vr0~ 077 4 —(EfET F L /~%
v=10/90) THEL L THMY) 33 % ILE 153 mg (33%) TS 72. 'HNMR (400 MHz, CDCl3) § 7.58
(d, J=17.5 Hz, 2H), 7.39 (t, J = 7.5 Hz, 2H), 7.24 (t, J = 7.5 Hz, 1H), 6.95 (s, 1H), 6.30 (s, 1H), 2.32
(s, 1H). MS (ESI) m/z 158.0 [M + H]".

5,5-Difluoro-3-methyl-1-phenyl-5H-4\* 5A*-dipyrrolo[1.2-¢:2'.1'-A[ 1,3.2]diazaborinine (34)

L& 33 (314 mg, 2.0 mmol)% 1-H-pyrrole-2-carbaldehyde (190 mg, 2.0 mmol)®D 7K DCM
BTN Z, 0°CT 15 MR L 72, $E4b+ 2 & U (188 uL, 2.0 mmol) % K% T4 L3270
Z, 0°CT30 MR L7288, & HICERT25 KL=, =7 vfbhvEYzFrx
— 7 LEER(1.88 mL, 18 mmol)B X ' YV = F L7 I (2,51 mL, 18 mmol) & i 2 7214, 7 v
IV AAFERT, BT 1REHRE L2, KEMZ %, 7870k 40200mL) Tl L
7o, AREZWEES ) v A THKL 728, WEZMERE LR L. REEZ ) A Trvse<
T 7 4 —(Z B i L/~F Y = 50/50)THEELL T HNY) 34 ZILE 20.6 mg (3.7%) T
572. "H NMR (500 MHz, Acetone-d®) & 7.64 (s, 1H), 7.58 (s, 1H), 7.50-7.48 (m, 2H), 7.42-7.35
(m, 3H), 7.09 (d, J=4.0 Hz, 1H), 6.56 (s, 1H), 6.42 (dd, J = 4.0, 1.8 Hz, 1H), 2.51 (s, 3H). 3C NMR
(125 MHz, Acetone-d®) & 161.97, 149.13, 141.39, 135.11, 134.88, 133.63, 130.04, 129.99, 129.95,
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129.71, 129.54, 120.08, 117.89, 15.07. HRMS (FAB) m/= calcd. for C16H13BF,Ny, 282.1140, found
282.1142 [M]".

5.,5-Difluoro-3.7-dimethyl-1,9-diphenyl-5H-4A*,5A*-dipyrrolo[1,2-¢:2'".1'-f][1,3.2]diazaborinine (35)

L&Y 33 (1140 mg, 7.7 mmol) & AL b FE b U T F)1(643 uL, 3.8 mmol) % Ky T #E7K
DCM (40 mL)ICH Z, 0°CC 15 43R L 72, {4 2 Y (400 uL, 4.2 mmol) % K& F 0
Loz, BRT3IRRIRIE L2 =7 vibd v EY =5 v — 7 L #54(4.0 mL, 32 mmol)
BLOFVZF AT I v (4.0mL, 45 mmol) ZIKim FHNZ 7212, %R C 2.5 RFfEHEEE L 72, K
EIMA 728, 7vudLAQ00mL) Tt L7z, AEZEES Y v ATk L 2%, &
WARTERE L L7, BiEx v VAT vra~ b 777 4 —(27auakb/~FF = 150/50)
THEELL CTHY 35 2 IIE 561 mg (20%)TfF72. 'H NMR (500 MHz, CDCls) 7.30-7.24 (m,
10H), 7.16 (s, 1H), 6.26 (s, 1H), 2.55 (s, 1H). MS (ESI) m/z 373.1 [M + H]".

(E)-2-((4-(2-(5,5-Difluoro- 1 -phenyl-5 H-4\* ,5\*-dipyrrolo[ 1,2-¢:2'.1'-A[ 1.3.2]diazaborinin-3-
yDvinyl)phenyl)(methyl)amino)ethan-1-o0l (36, BAOP-15)

L&y 3 LRAkOEHIEIC XY, LAY 11 BX LAY 34 225, HIYY) 36 ZILE 5.0
mg (8.6%) Cf%7z. 'HNMR (500 MHz, DMSO-d®) § 7.85 (d, J= 16.0 Hz, 1H), 7.67 (d, J = 8.0, Hz,
2H), 7.65 (s, 1H), 7.57-7.48 (m, 7H), 7.26 (d, /= 16.0 Hz, 1H), 7.06 (d, /= 4.0 Hz, 1H), 6.81 (d, J=
8.0 Hz, 2H), 6.48 (dd, /= 4.0, 2.3 Hz, 1H), 4.76 (t, /= 5.7 Hz, 1H), 3.58 (q, /= 5.7 Hz, 2H), 3.50 (t,
J = 5.7 Hz, 2H), 3.04 (s, 3H). *C NMR (125 MHz, DMSO-d°) & 159.33, 151.31, 146.97, 143.21,
136.99, 135.47, 133.50, 132.35, 130.10, 129.42, 129.30, 128.84, 125.59, 124.26, 122.85, 117.03,
116.11, 112.15, 111.74, 58.34, 54.07, 38.96. HRMS (ESI-TOF) m/z calcd. for CrsH2sBF2N3O,
444.2053, found 444.2056 [M + H]".

(E)-2-((4-(2-(5,5-Difluoro-7-methyl-1.9-diphenyl-5H-41* 5A*-dipyrrolo[1,2-¢:2'.1'-
f1[1.3.2]diazaborinin-3-yl)vinyl)phenyl)(methyl)amino)ethan-1-ol (37, BAOP-16)

{b&P 3 ko ABEIC XY, (LAY 11 BXLEY 35 26, B 37 #IE 154
mg (27%) CfS72. "HNMR (500 MHz, DMSO-d%) & 7.74 (d, J = 16.0 Hz, 1H), 7.63 (d, J = 8.6 Hz,
2H), 7.55-7.37 (m, 10H), 7.39 (t, J = 6.9 Hz, 1H), 7.28 (d, J= 16.0 Hz, 1H), 7.18 (s, 1H), 6.80 (d, J =
8.6 Hz, 2H), 6.56 (s, 1H), 4.76 (t, J= 5.7 Hz, 1H), 3.58 (q, J = 5.7 Hz, 2H), 3.49 (t, J = 5.7 Hz, 2H),
3.03 (s, 3H), 2.56 (s, 3H). 3C NMR (125 MHz, DMSO-d®) § 156.31, 152.15, 150.74, 145.08, 141.56,
140.92, 134.17, 133.45, 132.63, 131.09, 129.49, 129.13, 129.08, 128.97, 128.53, 128.35, 128.26,
122.98, 121.49, 116.47, 115.70, 111.97, 111.93, 58.16, 53.91, 38.78, 14.36. HRMS (ESI-TOF) m/z
caled. for C33H3:BFaN30, 534.2523, found 534.2527 [M + HJ".

(E)-2-((4-(2-(5.5-Difluoro-1,7.9-trimethyl-10-phenyl-5H-4\* ,5\*-dipyrrolo[ 1,2-¢:2'.1'-
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f1[1.3.2]diazaborinin-3-yl)vinyl)phenyl)(methyl)amino)ethan-1-ol (39, BAOP-17)

ta¥ 3 L AtkOEGREEIC XY, LAY 11 BX LAY 38 225, HIYY) 39 2 L& 8.1
mg (14%)C157-. 'H NMR (500 MHz, DMSO-d°) § 7.55-7.53 (m, 3H), 7.47 (d, J = 16.0 Hz, 1H),
7.41 (d, J= 8.6 Hz, 2H), 7.37 (dd, J=17.5, 1.7 Hz, 2H), 7.23 (d, J = 16.0 Hz, 1H), 6.90 (s, 1H), 6.76
(d, J=8.6 Hz, 2H), 6.10 (s, 1H), 4.73 (t, /= 5.7 Hz, 2H), 3.56 (q, /= 5.7 Hz, 2H), 3.47 (t, /= 5.7 Hz,
2H), 3.01 (s, 3H), 2.46 (s, 3H), 1.38 (s, 3H), 1.32 (s, 3H). 1*C NMR (125 MHz, DMSO-d®) § 154.62,
151.53, 150.35, 142.64, 139.76, 138.94, 138.54, 134.37, 132.38, 130.30, 129.12, 129.07, 128.17,
123.08, 120.37,118.26, 112.35, 112.32, 111.84, 58.11, 53.90, 38.73, 14.26, 14.19, 13.79. HRMS (ESI-
TOF) m/z caled. for C2oH31BF2N30, 486.2523, found 486.2519 [M + H]J".

~7F FETOIER
ABE/ ¥ —

ABra (05 mg)Z~FH 7 rAtvu 4y 7Fa ) —)(1,1,1,3,3,3,-hexafluoroisopropan-2-ol;
HFIP) (500 pL)ICiEfE & 2, ZHEHT20 A4 v Fa— 1+ Lz, 73 v5Aii KT HFIP
ZRELT.

ABA Y I~ —

ARA Y I~ — AN D 230 Ok EAGCERL 7.
/7 i%(a)

Wi 4 A v Z& 87K (deionized H,0; dd H,0) (900 pL)% ABi-42 (0.1 mg)® HFIP (100 pL )& N
A, iR T20 REIFE L. Y v I 15 sl Lo E4eC, 14,000 g) L 7212, Lifz v
VavFa—7IcBL, TALITVRR T T 10 DREHE T 2 2 & THFIP 8 E L 7z 323,
J7i%(b)

Fiida) TERL L 72 ABA V) =~ — % 22°C, 500 rpm TR A4 L 2R SRR &L 2 —
PN— R B — T —MS-2T % T 24 IR L 72 3435,

AB7B F 747U
DMSO (5 pL) & ddH20 (80 pL)% A1 42 (0.1 mg)ITH A7z, 2 M + U ZIKEEHR(1 ul) % Il z
Ttk 2 5SBEALT v 7 2 IFF—2HWCRAIL, =R TS5 oMFE L 7z %

ABZ7 4 7
DMSO (5 uL) & V v [i##E& i (phosphate buffered saline; PBS) (pH 7.4) (845 uL)% ABi 42 (0.1
mg)IC Az, Eppendorf #E# 4 —% I ¥ 9% —C ZH\»T 37°C, 700 rpm T 72 KR E 5 L 7.

ABHFIE T DHEN A~ T+ v DHlE
AR (FRIE: 5.0 uM)EB X HEEBRIL S PIGRIREE: 2.5 uM)% 10 vv% T £/ — VW (EtOH) & H
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PBS HCERAL, S7HEABE/ ~—, ABA Y I~—, ABZ'E } 7 4 7V )% 7213 20 77
(AB7 4 7V W)EHCEHE L 72. REZ2GE LI L, RF-6000 %W THEZ <2 F
ZHIE L 7.

i e B SR

AB (FEUREE: 2.0 uM) I X OB L APIHEREE: 2.0 uM-3.9 nM) & BFI L, 5 fEl(ABA Y =
~—BXW ABTE P74 TV ETIT 30 DREIABT 4 7Y W)ERCHHE L 72, k%
Multi Wellplate (0.4 mL x 96 wells flatbottom, K ~—2 7 4 FERSHE) IS L, Infinite®
200Pro THOEGTREE 2 WIE L 72, VM7 il C #0(Kq) (X GraphPad Prism 6.05 ¥ 7 F 7 =7
(GraphPad Software t1:#4) % F{ TR L 7.

Fy F7ay b

2 uL D ABIFIEQR2S uM)Z = 1 L1 — ZE(K T H 4 X: 0.2 um, Bio-Rad Laboratories ft:
ghicamL, 7avyxv o7 v (Fh 74T A7EASEEY P 1 KRS 5 L7, 0.05
vIv% tween 20 & T+ U AFEMERE (tris-buffered saline containing tween 20; TBST)% V> T
#, Can Get Signal Solution 1 CRIEFFEI AL T 1000 &AL 72 Amyloid B oligomer-
specific monoclonal antibody (OMAB) (Agrisera 13/ 1T 4°C THAKIRIE L 72. TBST Tt
#, Can Get Signal Solution 2 CRIEF IR 1Y) T 7500 AL 72 HRP ki~ v X IgM
PUR(T 771 28, =il < 1 REfER & 5 L 72, TBST TiEi#&, Chemi-Lumi One Super
(FHh 747 A7 KRS8 CULEE L, ChemDoc™ Touch Imaging System 170 (Bio-Rad
Laboratories t1:8) % v TR 2 M L 7=,

Fy¥vryvial—vaVv

Fvy¥v /7Y al—¥a Vit Molecular Operating Environment (MOE)Y 7 v = 7
2020.09 Jii(Chemical Computing Group L:#)% F\v>T{T 5 72(CPU: 12" Gen Intel® Core™ i7-
12700, = 7% 12, 0S: Windows 11). RCSB EHHE 7T — X Nv 27 X ) ABA Y =~ —(PDB ID:
ANTRY), ABZH F 7 4 7'V A(PDBID: 2MXU®), AR~ 4 7V /L(PDB ID: 50QV3%)D & 7
&% BT L 72, W§i& i 1 Amber 10: EHT force field % iV CTfTw, F v ¥ v 7R
fi#HT 1 12 GBVI/WSA dG docking scoring function % > 7z,

HHAERE 2

b PR IR ACE SH-SYSY #fft i American Type Culture Collection f1: & 0 B A L 7=. i
R HAEYER=> ) vBXEX L7 =4 2 v) (10 UmL)E L O 10 vivn B o
I3 (fetal bovine serum; FBS)% & ¥ Dulbecco’s Modified Eagle 5535 X OF Ham’s F12 5
11 RAEH(F 71 5 4 F 2 2 W AHEN . 37°C, 5 viv% CO, T T L 72,
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MTT 7 v & A

SH-SY5Y iz 96 ¥ = v 7L — } (Corning tE:#)I1C 10,000 cells/well THEfE L, 37°C, 5
VvIv% CO, T 24 RFRRTEE L 72, K% fRZE L 72, BAOP-16 5 X U0 0.5 v/v% DMSO % &
UF N 74 TAIIERAESHE 7 = 7 — L v FAE Dulbecco’s Modified Eagle ¥5ihis X Of
Ham’s F12 §5#bo> 1:1 IRARFHI(100 L)% 700 L 72 (BAOP-16 DFLEREE: 0, 0.25, 0.5, 1, 2.5, 5
uM). 37°C, 5 viv% CO, I T 24 RFfIESE L 72, HihZBREL, PBS Tl 7. 7=/ —
N Ly FAREEH(100 L) X O MTTIRHR(F 7 7 4 7 A 7 Rt 8 (10 uL) % iz, 37°C,
5viv%CO, F T4 RFBIRGE L 7. b X OMTTIERZRE L, ERL7Zdr~F v 20
PACEER(F 71 7 4 7 A 7 A S8 (100 pL) TIEME L 72, 570 nm DWHEE % Infinite®
200Pro CHIE L 7.

ISF fEEK BAOP-16 D &K

8F %[z A A v A& 7 L Sep-Pak Accell Plus QMA Plus Light Cartridge (Waters £ 8) 1< £ FF
TRz, 240 mM FRIE A U v L OKEETR(50 pl)F X O 27 mM Kryptofix 222 (950 pL) D EAA
WTHH L7z, 7+ 7 7F VT v & = 7 LRKE/K F i (tetrabutylammonium bicarbonate; TBAB)
Bmg)BLUT & F =1 UL(MeCN) (334 uL)Z Mz, ZEFRXDL N T 120°CITMER L < I
KLU7Zz. [AED MeCN % X 51T 2 [z, Hpliki/E2# V& L 72, BAOP-16 (0.3 mg)%
YRfiR L 72 MeCN (100 uL)F X U8 SnCly (0.5 uL)Z M 2, Fi T 10 ke 5 L7, Ko %
AREFART ANZE—Q)(FH T AT A7 HRA LB T L 7%, @it HPLC (B EhH:
MeCN/H,0, #iti#: 1.0 mL/min)% FH > CoBEfER L 7-.

PR RE S A KR

[SFIBAOP-16 % 20v/v% DMSO Z &t 7oL v 27 ) a—VICiAfREe7-. 1#4%7-
(2 5PED ddY ~ 7 Ak, 5 8iiE) o R E#IR X Y ['SFIBAOP-16 (207 kBq/50 uL) % % 5- L 7.
%5 2,30,60 738210~ 7 A DLFEILUE 2T\, MR Z BRALL 7212, TR EZSZ R L,
lig#s o H B X OHUTRE 2 HIE L 7=,

TR 22 RS oD BTl

['SFIBAOP-16 % EfH#E 7 v~ 1+ 77 7 4 — 7 L — I (Merck KGaA 8 icifimL, 2
muFRNLI AR =N =20/l DRGREEEHHE LCEE a7 774 —%{To7.
A A=Y v 77— M 3 FfE]#% &4, Amersham Typhoon scanner (GE Healthcare Life
Sciences tEHL) A\ CToHdT L 72, EEMHTICIE ImageQuant TL ver 8.1 (GE Healthcare Life
Sciences t1:#) % > 72

=

log P fEED HI%E
7=V —=(logP=21), FLTv(logP=27), 7REXV¥V(logP=3.0)%EHEYH L
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LTHWwZ., UTosHEXZH T logPEZH L 7-.
k = (tr-to)/to, tr = FPAHYVE D LRFFRER, t0 = FEAERFR
log P=a+blogk
EH a B XU b IIEFHEYE O HPLC 53T (% EIH: MeCN/HL0 = 70/30, Jiti#: 1 mL/min)iC 35 1
5 AR & 0 SR 72 (a = 2.22, b = 2.60). BAOP-16 ® log P fiii¥ HPLC 3 #r(FEhHH:
MeCN/H,0 = 70/30, #ti#: 1 mL/min) T DIRFFR X 0 Ko 72,

SR X 2 RS F TP T

EF~vRe LTddy v~ 7 A(HEM:, 6 k)% Hv7-. BAOP-16 % 20 v/v% DMSO % & ¢
TuvlL v Z) a— ViR, v v ADREFIRE Y 2mgke TG L7, #%5 2, 10,30,
60, 120 732 I~V R DLHIME Z 1T\, MMEHH L 2%, Mol %z VIS
SPECTRUM 4 A — v 7'y A7 L% v TRIR L 72 (82 CHFfE: 1.0 s, f-stop: 2, Jil&E 7 4 v
R —: 640 nm, HKET7 4 L& —:700 nm).

77V NLA A=V

ddy ~ v A, 5BEEROMERE L, PBSQmL)t FEYF A XFT B LT, kE
VA — &G MEEY A — % Multi Wellplate (0.4 mL x 96 wells flatbottom)iZ 1 7 = )L
W70 100 ul FTOWRML 2. X 51T AR (FIRFE: 5 uM)F & T BAOP-16 (FIRFE: 2.5 uM) Z 1l
A, T 20 Sr[RIEHE L 725, MO dEHi{S % IVISSPECTRUM 4 X =¥ v 7'y 27 L% ]
WCHRR U 72 (B2 IR 1.0 s, fstop: 2, 2 7 4 )L & —: 640 nm, HE7 4 )L % —: 680 nm).

ABA 7 FalL—v g vey ZADEH

C57BL/6 ~ 7 A (MM, 5-7 Atz A7z, 4 VY 747 YIREET, 2 ul @ ABD PBS AR
(25 uM) 7z 13 PBS % 5 (bregma: —1.94 mm, lateral: 1.9 mm, depth: 1.3 mm)* i 200 nL/min ®
T THEAL 7.

ABA Y I = —RINEED in vivo Gl

81 Hi2D ABA / ¥ 2L —v 3 v~ 2%z, BAOP-16 % 20 viv% DMSO % &ir
TueL v rY) a-VIlEREEE, 7 ADREIRE Y 2mgkg THREG L7z, 5 60 5rfRIC
U ZADEEFIE T, MEfEH L 7212, Mo dOCH{R%Z VIS SPECTRUM 4 X —¥ v
7y AT % TR U 72 (BRI 1.0 s, fstop: 2, JBIRZ 7 4 L % —: 640 nm, 7 4 v
£ —: 680 nm).

plag S5

APPNL-GFNL-GF <7 2 (e, 11 H e D iR S - %2 <, AT o /7RIt - THR L 7.
FA7 7 v S & BAOP-16 D33
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AR % F 4 7 7 & v S (thioflavin S; ThS)®D 50% EtOH 7A#(100 pM)IT 20 5[
L 72%%, 50% EtOH /K& T 1 o vt % 2 Mt - 72, X o iRkl A%, BAOP-16 ©
50 % EtOH ¥ (10 uM)IC 20 77 [EliRiE L 72, 50% EtOH /KiEW C 1 4rffl o e % 2 [mlfT - 72
#%, BZ-9000 % \WCYI A 2 HE L 7-.
ABBECHIFEER PR & F > 72 Sl L et

Bk, F— OMMHRYI A% 90% X g CULER L 7=, PUIRA B #% i (Thermo Fisher
Scientific f1:#) % F\» T 6E10 §iifA&(Biolegend f1:#)% 1000 f5# R L 7%, WHARYI R % Pk
PRI E I T 3 RFENRE L 72, IAERRYTR % 0.5 viv% tween 20 & U v BEHR M (phosphate
buffered saline containing tween 20; PBST) Tt L 72#%, Histofine Simple Stain MAX-PO (Hk =
KL= F LA AN A YA v 2B 30 EEIE L 72, IHA&YT R % 3,3°-diaminobenzidine
(DAB) (Sigma Aldrich #:3) CHULEE L, FSX-100 % F\VCTHIZE L 7-.
PLABA Y o~ —dilk & - s e

OMAB #ifA% PBST T 200 5% L 7212, WA R 2 PUARERICE R © 3 REEIRE L
72, BHEARYIR % PBST Tt L 721%, PBST T 200 {54 L 7= Alexa Fluor 488 12£:# goat $1T
< 7 A IgM $Tf&(Thermo Fisher Scientific #1%)AHRIC = T 2 KF[EIRIE L 72. PBST Tt
%, BAOP-16 D 50% EtOH {&R(2 pM)IC Z= i T 20 43 [EliRIE L 72, 50 % EtOH /KA T 1 47
MloPeiE% 2 [BfT - 721%, BZ-9000 % W TYIH Z#8I% L 7.

APPNLGINLGF < 2 2 b 2 R A A=V v 7

ABZ BRI 2 Bn 7Hlifa 2 ~ 7 A TH B APPN-GINLGF < o7 2 (it 5 Afin)s L O
IEH~7 A TH % C57BL/6 =7 A(MME, 5 Hlim)Z w72, BAOP-16 ® 20 v/v% DMSO &
TavrLyZ) a—-LigiRkE vy ADREEIRE Y 2 mgkg TG L, 4V 7T VKRBT,
SHEZBRE L 72, 1.5 V%A VY 70 7 vV 2 G TBIEFRWAT, TVIS SPECTRUM 4 A —Y v
¥ AT LEFGT, BAOP-16 #4510, 20, 30, 40, 50, 60 43141 ¥ 1) 5 ~ v R HAER O HOEHE{R
ZHUF L7, 8T — X OFGHENTIC I Student @ t BE % W 72,

APPNLGFNLGF < vy 2 % FH\\ 72 ex vivo B S (0 SEER

HERENA A=V v I EREfiR, ~ 7 AORFIWEZIT O, MERHHLZ, 20k,
% AHFNCEREL, FIATARZHCCAEAR L., HiE 7oy 2%, F4 Akl
77 A4F A%y b EHACCTHEYIL, 25um EOVIF ZEHELL 72, {E8LL 728K %, BZ-9000
o CHDELBIZ %, ThS I X 2865, 6E10 Hiih% H W 72 o iRk b F & 72 13
OMAB #iifk % W 72 (oS e e ta %17 > 72. ThS ¥ 7213 OMAB FifRic X b et L 72U K
1% BZ-9000 % F\»"C, 6E10 fiffIc X U Heta L 72U F 13 FSX-100 % F v CTHIZE L 7=,
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1.1.2 R EE
ABA Y I~ — Rkl

ARA Y I~ —%A{ERIL, 2D % F A7 7V T (thioflavin T; ThAT)B X W 1-7 I /
7 Z L v -8-A )7k F — b (1-aminonaphtalene-8-sulfonate; ANS)FETE T D H 5658 B I i€ (Figure
1-1)F X Q&Y F 7 BEMEE (transmission electron microscopy; TEM) % H > 72 JERE# 24 (Figure
1-22)IC X VIR L 7-. ThT 12 AB7 4 77U Athd 7 v Ay — MMEE 2R L 80t LA 2R
—77 4, ANS 13 ABA Y == —HnCFETE T % BUKPER M % 303k L 80¢ LR 2R3 2 L 2515
NTWw5 2, HORREHE OfEE, BER 2259 L[EERIC ABA Y I~ —FFE Fic kT 5 ThT
DHNEE L AB7 4 7 U MFEET &R L TEEZ /R L 7= —75, ANS O HIEHEE T ARA
Y o~ — 1776 T T K L 72 (Figure 1-1). £ 7z, TEM %W REBIZECIX, A7 4 7 U v
DRHER DTGHER TR L 72 DIt L, ABA Y o'~ — X BEHR 32 4 44 L [FREICERIR D TEE 273 L
7-(Figure1-2). A EDOFER XD ABA Y I~ —DEEBIRB I NI L 26, RIEERGEICHE
WHEf L 72 ApA ) I~ —% SARWfZEic s 3 ABA Y I~—E T L& LTHW .

(a) (b)
(%10%) {*108)
~45 - —~ 4
>4 235 4
LT 8
5‘3'5 2 34
2 31 gz.s -
i 2 ]
§ 1.5 1 s 15
3 14 2 17
8 8
§ 0.5 A /\ 8 05 4
c 0 T r — - . c 0 T T T : .
400 450 500 550 600 400 450 500 550 600 650
Wavelength (nm) Wavelength (nm)

Figure 1-1. Emission spectra of (a) ThT and (b) ANS. Orange line, with A fibrils; blue line, with A3
oligomers; green line, without A3 species.

| . (b). | . | .

Figure 1-2. The morphology of (a and c¢) AP oligomers and (b and d) AP fibrils observed by TEM.
Scale bar: 500 nm (a and b); 100 nm (¢ and d).
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SAR it IcE 1) % V) — FeaY oS

FiES I BT ABT 4 7 ) MEREE 7 v — 7 & LCRA% & u/z BODIPY A8 TH
% BAP-1'" 35 X UF BAP-2%, X 51C BODIPY Hi&ZH LT\ AR 4 7 U MERHE T
0 — 7 CTd®H % DANIR-2¢ IZDWT, ABF Y I~v—BX W ARB7 4 7V ALIFIE T TOHE A
27 PAEHIE L 7. BAP-1 83X U BAP-2 X ABA Y I~ —TFEFTABT7 4 7V AMTFET
& L CHRWHTE R IR L 72—, DANIR-2¢ 3 ABA Y o'~ —1EFE FCAB7 4 7'V VIFFE
T & iR LTIV &2 7R L 72 (Figure 1-3, Table 1-1). L 7275 >C, BODIPY ‘H1&72% A4 Y
T —fRHENA A=Y v 7T —TOREKRE L THHTS % n[felEdR S 7z, BAP-1
D ABT 4 TV NFIE FICH T 2 HENEICN T2 ApA ) I~ —F27E PO HLIEE Db
(Selectivity Index, AT SI)ix2.78 TH v, 3{LEVOH T ABA Y I~ — Ikt L T b =\ i
RMUEZRL7Z22 20, SARIEICE TS Y — NMeAY e LOEIRL 72,

(a) (c)
/@/\/WCN
~N CN
|
(% 103) (%102 BAP-2 (%109 DANIR-2c
T s S 12 2 —— Compound
5 35 5 —— Compound + Ap oligomer
= '3 =10 &.. — Compound + A fibril
S £ >
g 25 g ° 2
c c )
é 2 ° 6 = 1
c 1.5 2 @
@ & 4 2
2 1 ] 3 0.5
205 o 2 2
i g — g
C 0+ T 0~ S 0+ . ,
600 650 700 750 650 700 750 800 W 550 650 750
Wavelength (nm) Wavelength (nm) Wavelength (nm)

Figure 1-3. Chemical structures and emission spectra of (a) BAP-1, (b) BAP-2, and (¢) DANIR-2c in
the presence or absence of AP species.

20



Table 1-1. Spectroscopic Data of BAP-1, BAP-2, and DANIR-2c upon Binding with A} Species (n = 4).

With AP oligomers With A fibrils
Compounds Xem (NM) fold“ Aem (Nnm) fold“ SI®
BAP-1 657 62.8 671 21.9 2.78
BAP-2 707 15.8 708 7.70 1.95
DANIR-2c 678 2.60 688 3.56 0.671

“Each value represents an increase in fluorescence intensity with protein and is expressed as fold =
fluorescence intensity (FI) (probe with proteins)/FI (probe).

bEach value represents selectivity for AP oligomers versus A fibrils and is expressed as SI = FI (with
AP oligomers)/FI (with A fibrils).

BODIPY 8 D%El B L VA

STHEOD I EmICEIBIELOEE R, HN 7w —T D ALY I~ —MiRICEE L S
25T EPHOENTWS, Z I T, BAP-1 DIHED 5 H(a) BODIPY HHICH 1T 5 A F L5k
DILE, (D) ATF VAFEDO LR DR X, ()& F ) VLD EIEE % 2 2 WA L 72 BODIPY-
based AB oligomer probe (BAOP)-1-BAOP-14 % 3%&1 L 72 (Figure 1-4). BAOP-2 %[ < 13 {t&
P2 Tld BODIPY &RV X7 7 b FZJFEE LT Knoevenagel ffific X b &L 7z.
BAOP-2 [Z(E)-4-(2-(1H-pyrrol-2-yl)vinyl)-N,N-dimethylaniline (6)3 & U* 3,5-dimethyl-1H-pyrrole-
2-carboxyaldehyde Z ity L 721%21C, =7 vt F v RV Frz—T AR XU MY =5
T VvERNITS L THBL 72(Scheme 1-1). BAOP-9 I DWW, FHfiic+43 il c
52 2R TERD o770, SAR K OBEMHILED D LRIV L 72, % 7= (b) D HEE R %
MRES % 720, @ ) v EEL 2 VBRI A A =Y v 7T m =T L LCHF I N, AB
74 7Y M BEEAME DG SN T B S TAU-12 B X O TAU-2% % 3Hilifb & in 2
7z.
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(a) Position of methyl groups (b) Conjugated systems of a styryl group

A
7 -'L/'R“N \ {ﬁ/%r\\ ST,
i Bow TR
/ FF \\— TFF W'—-—-\.
— —
O @
.-IIN - N
BAOP-1 BAOP-2 TAU-1 TAU-2 BAOP-3

(c) Functional groups contained in a styryl group

N— o s s - S
R= . L My Ny N N
1 5, N L L S d
HO ) -
BAOP-4 BAOP-5 .- BAOP-6 . BAOP-7 BAOP-8 BAOP-9
—, M )
N ro O &
N, S oy A Nj N7y i
{7 Y B L NH;
—~5 '.\f ,-\f oH

BAOP-10  BAOP-11  BAOP-12  BAOP-13  BAOP-14

Figure 1-4. Design strategies of BODIPY derivatives by modification of BAP-1 and their chemical
structures. (a) BAOP-1 and BAOP-2; (b) TAU-1, TAU-2, and BAOP-3; (c) BAOP-4 to BAOP-14.

]
(A) (©) \\N\:N\ . SN (a)
B N
FF |
8 9

10 (BAOP-3)

(B)
21-30
. R
11,21 (BAOP-4); R= S 16,26 (BAOP-10); R= ®
HO ;i S
H’H N
7 (BAOP-2) 12,22 (BAOP-5); R= \Q’\ 17,27 (BAOP-11); R = %
< oH
;, N
13,23 (BAOP-6); R= \D 18, 28 (BAOP-12); R= Q
OH
I <
14,24 (BAOP-7); R= b 19,29 (BAOP-13); R= L:L
OH
15, 25 (BAOP-8); R = A 20,30 (BAOP-14); R= =
, ; " , ; NH;

Scheme 1-1. Synthetic route of BAOP-1 to BAOP-14¢. “Reagents: (a) piperidine, AcOH, toluene,
110°C; (b) NaBH4, MeOH, rt, 30 min; (c) PPhs*HBr, CHCIs3, 60°C, 4 h; (d) 3,5-dimethylpyrrole-2-
carboxyaldehyde, NaOMe, MeOH, 60°C, 6 h; (e) 1. POCls, DCM, rt, 1 h; 2. BF3*OEt, Et;N, t, 1.5 h.
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ABF Y T=—B X W ABT7 4 7 U AMFAE FIC BT 2 HOERE © 3

LAY D 7 m R Ladic BT 2 HEFEZFHE L 728 25, wIhoftEdYd R
I 7 BB UK (8.96-55.0%) % 7k L, BAOP-10, BAOP-12, BAOP-14 % [ { L &#icBH L T,
R R DS RAME (> 650 nm)ICF2® Hiv/z, £7z, EtOH itk »w Tz v afiu
L e I L CRAKHEGRESRIREMICS 7 F L22 &5, BUKMEERET cHOE R~
JMADEEBEY T PREL D ERRBEINS. O DR S BAOP FHEMAR I AR
HA X = v 7S A RE R ORI 2 3 % T L A3R X 417z(Table 1-2).

Table 1-2. Spectroscopic Data of BAOP Series.

Aabs (NM) Aex (NM) Aem (NM)

Compounds CHCI3/EtOH CHCI:/EtOH CHCI:/EtOH ¢ (%)*
BAOP-1 610/597 610/603 657/688 55.0°
BAOP-2 616/602 619/606 671/707 30.0°
BAOP-3 623/602 623/n.d. 728/n.d. 8.96"
BAOP-4 603/595 604/599 663/704 47.8°
BAOP-5 614/602 619/605 674/707 48.1°
BAOP-6 593/579 593/585 679/714 37.8°
BAOP-7 616/601 618/605 677/713 40.4°
BAOP-8 596/584 599/590 674/711 44.3°

BAOP-10 589/578 590/582 649/694 51.0°
BAOP-11 591/581 593/585 677/714 44.3°
BAOP-12 584/576 578/579 615/699 19.9°
BAOP-13 591/584 593/588 666/704 23.0°
BAOP-14 579/578 580/582 624/680 33.7¢

“Data was measured in chloroform.
"Determined versus BAP-1 in chloroform!°.
‘Determined versus PTO-41 in DCM%,

FenT, ABA Y I~ —B LW ARBT 4 7V MFELE NIC BT 2 HCRHE DT 2 17 - 72, ¥
DIC, RV T4 7avbue—nEe LT AR Y I~—FRNadH At Te -7 LTlE I
T % PTO-418 DHN AT PARHE L7z, BER 2 L [FIERIC, PTO-41 (X ABA Y o'~ —
T LT RAF @R AR L, STIE3.70 TH o 72, RIC, EHILEYD ApA Y I~ —F X
N AB7 4 ZUAMFLE FTOHIERART P AZBEE L7z, kaEmzeFnd ApFHY =
~ —{F(E N CHEE A d% B A %R L (3.25-140-fold), & DAEIZEEHRD ABA Y o'~ —fZHI
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7'v—7 L [EIFEE TH o 7z (e.g., ANSP: 9.4-fold?!, PTO-29: 60-fold**, NB: 165-fold??). &7z, fi&
L&Y D 5 H BAOP-1 35 L U BAOP-14 % [ < 13 /LAY T ARA U I~ — x4 2 &Rk
23R & 72(SI=1.37-3.06) (Table 1-3). /il 2 C, TAU-1,BAOP-3,BAOP-11 %R < ftfift &
Vi, ABF Y I~ —FHE T COHNIEREN AP7 4 7V ATFEE T & ik L RN EE
DONTZZ o, AP ) I~—FDOFEEF AL FZARTZ 4 7YV A OREES 4+ LKL
THKEDE WERETH 5 2 L RB Sz,

() DFEIEERICEI L T, BAP-1(SI=2.78), BAOP-1 (SI=0.800), BAOP-2 (SI=1.75)® AB
A ) I — 0T 2 ER M IC P B W R0 bz 2 & H 6, BODIPY ‘HigD A F L4
DALEIC & 2 TARFEEMED ARA Y o'~ — o3 2 BRI E L 522 T LSRR I L7z,
¥ 72 (b) D& R T I1X, TAU-1(SI=2.97)% X UF TAU-2 (SI=2.82)(% BAP-1 & [t L CTE W
ABA Y =~ —#IRM: %R L 72—75, BAOP-3 |3 BAP-1 & HEE L TR\ ARA U o'~ — & RE
(SI=15DERLEZ Db, HERDOMEILZ ARA ) o~ — BRI E L2 5 2 228, 47
L Z o EicFHE5 3T 2bTldAhnw ERARBINAZ. ()DEEER TIX, BAOP-4-
BAOP-14 I 5T ApA ) I~ —@REIGEVSED LN &b, BEIIEOEEN AP
AV I~ —EBREICEEE 52 5 L ATRB I N, B ORAE-CHEGE R Lo &
ABA Y I~ — IR M: & ORIICHBIIEED b et o 7z, (&L AEYI DT BAOP-4 23 b
B AR ) o= —EIRME(SI=3.060) 2R L7225, N-AFA-N-2-t FuF L TF )T
I HEDARA Y I~ —ERI R EOE T e — T ORFICE W THMTH 2 alREME AR S L7z
(Table 1-3).

BT, ARA Y I~ — IR 3 2 KA BRI % STl 3 2 72 0 IS A S RO KB % FEh L 7=
(Table 1-4). Z DFER, WIFNOLAEYD APA ) I~ —ENHNA T —7 L L THRELTR S
FEAHAIME (K = 42.6-500 nM)Z /R L 72, £72, AB7 4 7 ) ek LT FIFEE o fE & B
PE(Ka = 15.9-120 nM) % 75k L 7z (Table 1-4).
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Table 1-3. Spectroscopic Data upon Binding to A3 Species of BAOP Derivatives, TAU Derivatives,
BAP-1, and PTO-41 (n=4).

With A oligomers With A fibrils

Compounds Aem (NM) fold® Aem (nm)  fold” SI®
BAOP-1 644 343 660 40.6 0.800
BAOP-2 668 60.7 680 40.1 1.75
TAU-1 699 116 699 39.0 2.97
TAU-2 668 24.4 680 9.21 2.82
BAOP-3 693 12.2 688 8.06 1.51
BAOP-4 683 21.2 688 6.52 3.06
BAOP-5 663 66.6 674 441 1.37
BAOP-6 667 138 671 57.4 2.51
BAOP-7 663 75.6 671 332 2.09
BAOP-8 663 140 674 71.6 2.21
BAOP-10 641 87.7 655 38.0 1.97
BAOP-11 669 123 666 64.5 1.88
BAOP-12 652 6.83 672 3.74 1.61
BAOP-13 676 11.3 690 5.83 1.87
BAOP-14 638 3.25 654 3.79 0.963
BAP-1 657 62.8 671 21.9 2.78
PTO-41 688 29.4 683 8.52 3.70

“Each value represents an increase in fluorescence intensity with protein and is expressed as fold = FI
(probe with proteins)/FI (probe).

bEach value represents selectivity for AP oligomers versus AP fibrils and is expressed as a selectivity
index (SI) = FI (with AP oligomers)/FI (with A fibrils).
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Table 1-4. Binding Affinity of BAOP Derivatives, TAU Derivatives, BAP-1, and PTO-41 for
AP Oligomers or AP Fibrils”. (n = 3)

Compounds Kqfor AP oligomers (nM) Kq for AP fibrils (nM)
BAOP-1 83.8 (67.8) 68.8 (13.1)
BAOP-2 201 (27.2) 52.6 (4.63)
BAOP-3 42.6 (1.75) 74.9 (11.1)

TAU-1 51.4 (7.84) 29.0 (15.1)
TAU-2 108 (12.4) 37.2 (8.75)
BAOP-4 148 (18.2) 31.7 (4.48)
BAOP-5 50.6 (5.49) 30.4 (6.53)
BAOP-6 107 (13.0) 21.8(0.927)
BAOP-7 54.7 (13.7) 15.9 (4.08)
BAOP-8 121 (34.4) 28.4 (10.6)
BAOP-10 62.4 (3.08) 54.0 (3.75)
BAOP-11 85.4 (5.08) 21.3 (2.60)
BAOP-12 297 (27.1) 81.1(13.0)
BAOP-13 229 (26.7) 65.4 (27.0)
BAOP-14 500 (92.5) 120 (37.8)
BAP-1 67.1(9.42) 24.3 (5.73)
PTO-41 126 (6.21) 52.4 (6.34)

“Each value represents the mean (standard deviation (S.D.)).

BAOP-4 %V — ML & L 72 R

ZZETOSARWME DR EHEIC, IO HERMEZITo 7. FHliL 72 15{t&EMoh
TibDE AR Y I~ —E R WEZ R L, BRI ENBIRBOUGEICHE 2 2 LG &
NTW5E BTN AFVN-Q2-t FrFZFINT I HEEFET L L H, BAOP-4(SI=
3.000% U — FMLa & LGERL 2. (ofhEREIC B »Tld, BODIPY FtgD X F 5
DALEIC BT 2 IR EMED APA ) I~ — 0 3 2B INEICEE L 52 2 2 L AARBE I
T, ZOMBEOVKREEEEKE T2 ET, ARA Y I~ —icxfd 2 # R [k
35 LEZ, BODIPY BH&D 1 (LI 7 = = VB %8 A L7z BAOP-15 &, 1fis XU 77
7z = VEEEE AL 72 BAOP-16 %5t L7z, AT, (OEREFTAFAEREAIN
TWwian 8 fic 7 = = VEE%E A L 72 BAOP-17 b EfifbAY L L CTi%ET L 72 (Figure 1-5).

o DILEY)IE Scheme 1-2 I > THAAL L 72, 2-Methyl-4-phenyl-1H-pyrrole (33) (3 BE#R
#IZHEV>,  S-nitro-4-phenyl-2-pentanone (32)2> H {3 L 7. BODIPY (34, 35, 38)I3 L & v T >
DiEE OGOk b &KL 72, 72, BAOP-15-BAOP-17 (X BODIPY (34, 35, 38) & N- X F /-
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N-2-t FEF L ITFN)4-T I )RV AT T e FEJFEEE LT Knoevenagel ffific & 0 &K
L 7z (Scheme 1-2).

ot S

31 32 33

(d)

/
39 (BAOP-17)

Scheme 1-2. Synthetic route of BAOP-15, BAOP-16, and BAOP-17“. “Reagents: (a) nitromethane,
DBU, DCM, 0°C, 3 h; (b) morpholine, NH4OAc, S, 80°C, 1.5 h; (¢) 1-H-pyrrole-2-carboxyaldehyde,
POCIl;, DCM, tt, 2.5 h; 2. BF3-OEt, EsN, rt, 1 h; (d) 1. triethyl orthoformate, POCl3, DCM, rt, 3 h; 2.
BF;3-OEt, Et:N, rt, 2.5 h; (¢) N-methyl-N-(2-hydroxyethyl)-4-amino benzaldehyde, piperidine, AcOH,
toluene, 110°C.
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BAOP-15, BAOP-16 ¥ X Uf BAOP-17 @ ABTFIE FIC B 2 SR EHM

BAOP-15 3 X I BAOP-16 @ 7 v u k)L AHIZ 1) 2 IY - 908013, BAOP-4 & Lk
LTRERHEBICED N2 L0, ERA A=V v 7 ~DICHICELERLEYTH %
TLAIRBE NIz, —J7, BAOP-17 @ 27 v sk L A BT B WRIY - #5613 BAOP-4 &
L ChT I EEREICRED bz, 72, 3{LAPIIVwInd Z7ou kL AFTE
WHOEBR TR Z /R L2, X512, EtOH FICk T 2 # N ES 7 n ok o & gL T
RERERICED N0, T DLAYIZBUKEEREE T Tl R <27 b Lok
e 7 F RIRT & HIURE X L7 (Table 1-5).

Table 1-5. Spectroscopic Data of BAOP Series.

Aabs (NM) Aex (NM) Aem (NM)

Compounds CHCI3/EtOH CHCIs/EtOH CHCI3/EtOH ¢ (%)*
BAOP-15 616/611 619/617 694/749 11.4°
BAOP-16 638/636 635/636 704/754 22.0¢
BAOP-17 603/602 602/605 650/694 18.2°

“Data was measured in chloroform.
"Determined versus BAP-1 in chloroform!©.
‘Determined versus BAP-2 in chloroform?®.

BT, 3MLAYD APA ) I~ —FB XUV AB7 4 7V AFHETICB T 3H AR P %k
HIE U 7-(Table 1-6). Z DFEH, WITNOLEY D ABA Y o~ —fF7E F CHOE LR ZR L,
T HICABA ) I — Tt 2 EIREDFRD bz, FFIC BAOP-16 1%, PTO-41 2 &4 fho
FEL A4 & ik L CBEE IS\ ARA Y I — B IRE(ST = 4.86) % 7k L 7z (Table 1-6).
BAOP-16 13y #AI D TG 2B L TH Y, 7 = = AFEDE AT X 2 7 KREEN: DB A2
ABA Y I~ — T 2 ENEAR L RAZEEZOND, HFE, TFHOLVFR UL Y
Do IERIREED ARA ) I~ — IR A HOL 70 — 700 FiEEL LTHMITH 5 2 LYK
BINTWE2, y FROGT#ERHE T2 ABA ) o'~ —E R HE 7'e — 73 s &
NTnawn, L72oT, y FRIGEIZ ARA ) o= — @R AHEE 7o — 7 ORI E T
LE TSR E Rb B OND. $77, Rifffts L NRE O 022405,
ABA Y T — T B iEREE FER T 2 BT, HBEEEOE A X B kRSO
WERDS, By Fidatigcd 3 &2 bLs. —7, BAOP-17 13 ABA Y I~ —7F7E T
T, BAOP-4 & [t L CE\»ait LAE % /R L 72(BAOP-4: 21.2-fold, BAOP-17: 107-fold). %
7z, BAOP-15 5 X ' BAOP-16 D ARA Y I —{FE P iC BT 2 HEPRIT ABT 4 7 ) VFF
TETF & LR REMANCEE® 5 7225, BAOP-17 1221 b @ 2 L&Y & I3 IRIC R
Fill~D> 7 /R L7, ik BAOP-15 5 X I BAOP-16 DfE&+ 4 b 25 BAOP-17 D
BV APERARZ L ERRLTCEY, 7oA HOEANEDN ARA Y =~ — & DA
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FIC K& g% 52 5 &% 2 b 1L 5 (Table 1-6).

I 51T, WEABMERICEY ABEY I~ —I1C T 3 REABMMELZIMEL 2 2 5, T
NoLEY S ARA Y o~ — R 7 o — 7' L CHERE LTS 2 #5 & BAITE %2 78 L 72 (Table
1-7). 725 T% BAOP-16 (% PTO-41 % &L aHI{L AP O T b @ il GBI (K = 343
nM)Z R L7z, 7 = VOB ABDIEN T 51O T, ARA Y I~ — x5 2 fHE MM
B ETBHEHABRD LN b, 72 AFER APA Y I~ — ¢ OHAMEHICE T
HEAKEZBELTWL I ERBEINT. 72, A7 4 7V T3 285 A BN AR
A0 I~ — it B AEGHIRNE & FIREE C©® - 72 (Table 1-7).

bR XY BAOP-16 2 HE 7 ARA Y I~ —EHE 7' e — Tl & LGEIR L,
X o bEHZ1T o 7.

Table 1-6. Spectroscopic Data upon Binding to AP Oligomers or A} Fibrils of BAOP-15, BAOP-16,
and BAOP-17 (n =4).

With A oligomers With A fibrils
Compounds Ay, (nm) fold* Aem (NM) fold® SI®
BAOP-15 696 14.7 707 9.10 1.64
BAOP-16 704 12.7 711 2.72 4.86
BAOP-17 677 107 672 37.5 2.77

“Each value represents an increase in fluorescence intensity with protein and is expressed as fold = FI
(probe with proteins)/FI (probe).

bEach value represents selectivity for Ap oligomers versus AP fibrils and is expressed as SI = FI (with
AP oligomers)/FI (with A fibrils).

Table 1-7. Binding Affinity of BAOP-15, BAOP-16, and BAOP-17 for A} Oligomers or A Fibrils“.
(n=3)

Compounds Kqfor AP oligomers (nM) Kq for AP fibrils (nM)
BAOP-15 90.8 (5.45) 83.5(17.5)
BAOP-16 34.3(3.97) 15.9 (1.80)
BAOP-17 74.4 (6.28) 39.9 (1.13)

“Each value represents the mean (S.D.).
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SRR TGRED ARA ) I~ —F7(E FIC B % dGEHI

ARA ) I~ — 3SRV AE T2 Z EARBINT WS, £ 2T, HEDEED ApA
Y I~ —1F7E Fic k1T 5 BAOP-16 O HOGRHE%Z S L 72, £ 3, SAR e TR/ ABA
Va~w— b B AL HECERLZ ABF ) I~—535 ¢ EHTED ARAH Y I~v—Th 3
AB7B k7 4 YN 0S ZHE L2, AEITIX, SARIZETH /2 ABF Y I~ —% ARA
Y I —(a), HZICERLZ ABA Y I~ —% ARA ) I~ —(b) & ’FFRT 5. TEM % 7z
JEREBIZR DAER, ABA Y I~ —(b) B WHHERDOIVEEZ, ABZ R+ 7 4 7V VIS Hh#RHy 72
JERE% 2 NZF NR L 72 (Figure 1-6). T 6 D ARA Y o'~ —1F1E FIC B F % ThT D HOEIRE
X AB7 4 7V AMEIET & el L CKfE % 7R L 72 (Figure 1-7a). ApA V =o'~ —2i#kbiiAcd
%5 OMAB A2 ZHW/AZ Ny b 7wy T, ABZ74 7V AVDAKRY bickiF5v 7 F L
FIREAERD NP 52— T, APF ) IT=—DRAFKy MicBW TRV Y Z7F AR
P b7z (Figure1-8). TN o DFEED L, APFH ) I~—BXNABTH + 7 4 7Y DY
AR X 47z,

H7HER L 72 ABA ) I~ —% EUEBOEED ABFTE T ICE 1T 5 BAOP-16 DHE A
RZMAVEELZETS, WIhD ALY I~v—(ABA Y I~ —(a), APA Y =~ —(b),
AB7 B+ 7 4 TU NFEE T THHOEEEIZART 4 7V A B X WWARE / ~—TF1E T & i
L CiafE% 7R L 7z(Figure 1-92). 235 OFEHEAD 65, BAOP-16 1 AB7 4 7V L° ABE/ <
—DWERZTT, SHARVED AL ) I~ —%MIEFRETH 2 2 L AR I N, 72,
PTO-41 ICBIL CHAMDFHII 21T o722 5, AP v b 7 4 U AFHETFICE T ABF
Y I= —(a)B L OFFTE T & il U CBEE T Wil Z R L 72 (Figure 1-7b). Z OFHRED 5,
PTO-41 (3 ABA YV =~ — DFREZALITIRT L T LR E BT 2 nlHEtE 2 RE & /e,
X 51T, BAOP-16 3 X U PTO-41 @ 7 VIMiE 7 /L7 X ¥ (bovine serum albumin; BSA)FETE I
TOHHARZ PAZHELL 5, WINOLEY D HE ER 3D & 7= (Figure 1-
10). —J7T, BAOP-16 D ABA J I'v —()ff-7E [ TOHNIE (hem = 704 nm) (%, BSA f71E
T COENMPERE (hem = 731 nm) & I L THIF I 0722 L 26, HNT7 4 VX — %Gl
THZ LKLY, TATIVIEAROENICI 2EERZ BTS2 nTEELEZLN
3. 8T, ABF Y I=—b)B XN ART B + 7 4 7Y A ITHT B ESEBRINE % i S A
BRICX DEHfiL 72, Zof5E, wIhoAd ) I~w—1cx L ThmufiaBifiitEZ R L7z (Ky
=13.9 nM for AP oligomer (b); Kq= 15.1 nM for AP protofibril) (Figure 1-9b—d).
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(@) (b)

Figure 1-6. The morphology of (a) AP oligomers and (b) A protofibrils observed by TEM. Scale bar:
100 nm.

(@) (b)
(=109 {10%) = Compound + AB monomer
35 . 7. = Compound + Ap oligomer (a)
3 F —— Compound + Ap oligomer (b)
L a8 ~— Compound + AB protofibril
Ez.s 1 Es 1 —— Compound + Ap fibril
2 A 4 = Compound
E £
1.5 4 3 -
Eu.s 1 g1
Lo g =
400 450 500 550 600 550 600 650 70O YO 8O0 850
Wavelength (nm) Wavelength (nm)

Figure 1-7. Emission spectra of (a) ThT and (b) PTO-41 with or without diverse A} species.

Ap oligomers (a) Ap oligomers (b) Ap protofibrils Ap fibrils
i ii iili iv
ol

Figure 1-8. Dot blot analysis of (i) AP oligomers (a), (ii) AP oligomers (b), (iii) AP protofibrils, and
(iv) AP fibrils using OMAB.
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Figure 1-9. The results of in vitro evaluation of BAOP-16 as fluorescent probes targeting AP
oligomers. (a) Fluorescence spectra of BAOP-16 with various A species; (b, ¢, and d) the saturation

binding curves of BAOP-16 with AP oligomers.
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Figure 1-10. Emission spectra of (a) BAOP-16 and (b) PTO-41 with or without AP oligomers (a) or

BSA.
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Fydxvrsvial—yayv

BAOP-16 & ABDOMIOMHANEAZHR27-0IC Ny F vy lalL—vaviiTok
(Figure 1-11). ABA Y I~—ofEe LT+ Y ~—%E7 A (PDBID: 4NTR¥)%, A7 v + 7
4 7V LOREE LT 12 BiAD ARV ~—=F 7 L(PDB ID: 2MXU®%, AB7 4 7Y LD
WiEE LT 74 ABTHEMBIIC X VIE I N2 ABra 7 4 7 ) L OREEPDB ID: 50QV3)
EENZIEIRLZ ABF Y I~v—ICNT 5 Ny F vy Iab—vavicsBnT, BAOP-
16 1%, DT IR N FIROMER & 0 2d b ARA ) o'~ — OBUKPEREEIC T L TR
GT AT RRD LN, N F——a-T 772 =Ty 7 I FikofEr & - 728, 1
U 1o+ F% B (twisted intramolecular charge transfer; TICT)® 2331l & 1, #HEZRT
EDRHONT WS, L7235 T, BAOP-16 D ARA ) o'~ —1F{E Fic k1 2 800¢ LR 135S
B FHEREEICER T2 E20N5. £/, AB7u b 7470 ricxfds vy xv s
Yial—vavicBnTyd, BUKERT v MickwThThich - FiEkods%
Lo TV BT AR LN, —HT, AB74 7V e Ry Fv v ial—va
v, 7RO 7 2 = AVES HHBEERAEEZRIREET AB7 4 7 U MITHEA LT 2R3
Do, THIEF1IMBLITTMN~D7 2 = AKOEAIC X 37 KBEERDBARICE Y,
AB7 4 7V NDFEEHN~DBEERHIRE NS -0 Th b EELLNS. 2 LT, HEEk
S FHEEEZ R C 3 2 & CHEEFTRIENE L 2729, BAOP-16 13 AB7 4 7 U MIFLE N IC
BOWTHWHNEZ R L2 EE 2 5 L5 (Figure 1-11).

Ap oligomer Ap protofibril Ap fibril

Figure 1-11. Molecular docking model of BAOP-16 with (a) AP oligomer, (b and d) AP protofibril,
and (c and e) AP fibril.
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BAOP-16 D #1714 #¥ffi

BAOP-16 O A~ IS ATRENE % FFili 3 2 72 ®, SH-SYSY #ifig% 7z MTT 7 v & 4
ZiTo72. ZOFER, 5uM ¥ TOREICE W CHEE RMligs 1 135280 b L7k 2> > 72 (Figure
1-13a). COfEREE T 2, ~ 7 2 &Z M7z BAOP-16 DT % 1T - 72. BAOP-16
DT % EBICEHE T % 72 %, BAOP-16 O 8F Bk A% AR L 72, L2 Xav) & v
A R & L TH WO Z2[BF)/[OFRIGZARZI I G 31T X D ['SFIBAOP-16 % AL IR 2.0%
Tf%72(Scheme 1-3). 7@ o~ bt 2777 4 —IC X 0 EHMEEIMEE 95% L ETH 3
& &R L 72 (Figure 1-12). #t\>C, IEH <7 2% [\ 72[SFIBAOP-16 DR RE > 17 5=
& 1T o 72. [BFIBAOP-16 DS ITIEIZE® SN2, KEHEREICE T 3 N~DBITE
VKA T B > 7= (brainamin = 0.43% injected dose/g). T LI FREDKE I(MW:534Da)s L
NEAEEDE X (log P=498) IR T 2 & FE 2 b5, L Lads, BAOP-16 KA D AR
F Y o — LS L BRICHHE RGO ER AR T HA, M~oBTREMEMETh > TH 4
RARA=Y Vv IIRAEETH L EE2ObND. F72, [SFIBAOP-16 D> & D2 7o ik
DR B ATz T L B> 5 (brainamin/brainiomin = 3.37, brainami/brainsomin = 6.40), = \> S/N LT AB
A ) 2~ —Z R T % 2 A[HEE DR X 4172 (Figure 1-13b, Table 1-8). /il 2 C, BAOP-16 % IE
v 2G5 L, MEftit, SOLmRz2RE L7z e 25, [SFIBAOP-16 D IMNZEE) & JH
BIL MR BB LN b, w7 AMHNDEHIEIE BAOP-16 ICHKT 2 Z L 2RI
7z (Figure 1-14).

['8FIKF
TBAB
SnCly
—_—
MeCN
rt, 10 min

Scheme 1-3. Radiosynthesis of ['*SF]BAOP-16.
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(@) (b) ['*F]BAOP-16
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Figure 1-12. Radio TLC of ['* F]BAOP-16. (a) Autoradiography of the radio TLC and (b) quantitative
analysis of radioactivity on the TLC. Mobile phase: chloroform/methanol = 20/1.

(a) (b)
140 - 06 4
— 120 - 205
= @
<1001 204 -
3 99 %03
S 60 g
= 40 £02 4
© 20 201
o 0.25 0 ' ' '
0 20 40 60
Concentrahon of BAOP 16 ( pM) Time after injection (min)

Figure 1-13. The results for evaluation of in vivo applicability of BAOP-16 using cells and normal
mice. (a) Viability of SH-SYS5Y cells after incubation with BAOP-16 evaluated by the MTT assay (n
= 3; the results are expressed as the mean + standard deviation). (b) Radioactivity in brains of normal
mice after injection of ['*F]BAOP-16 via tail veins (n = 4 or 5).
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Table 1-8. Radioactivity Accumulated in Organs of Normal Mice After Injection of ['*F]BAOP-16¢.

(n=4or 5, Male)

Time after injection (min)

Organs 2 30 60
Blood 23.36 (4.05) 6.62 (1.28) 3.16 (0.82)
Spleen 9.51(5.27) 19.54 (3.48) 12.62 (2.61)
Pancreas 0.82 (0.28) 0.53 (0.03) 0.62 (0.33)
Stomach” 0.28 (0.22) 2.15(2.67) 0.52 (0.30)
Intestine 0.50 (0.18) 6.92 (1.56) 12.97 (3.23)
Kidney 4.28 (0.75) 5.25(0.47) 5.29 (1.17)
Liver 22.83 (4.08) 32.26 (1.07) 22.45 (2.24)
Heart 5.76 (2.49) 4.48 (0.67) 4.14 (1.28)
Lung 17.91 (4.90) 13.29 (0.76) 11.27 (4.05)
Brain 0.43 (0.08) 0.13 (0.03) 0.07 (0.02)
Bone 3.24 (0.66) 3.19(1.91) 3.07 (1.27)

“Each value represents the mean (S.D.) of four or five mice and is expressed as % injected dose/g.

PExpressed as % injected dose per organ.

(a) (b)
(% 108) (= 10%)
20 2min  10min 30 min &0 min 120 min 20
T E
S 0 =g 1.5
2% 15 b
2 32
‘E? £% 10 1
E% 1.0 EE \\*‘“ s
Eﬁ Eﬁ 05 - \'}*-———______
! ! —
o =
]

[ 20 40 60 8O 100 120
Tima after injection { min)

Figure 1-14. Fluorescence from the mice brains dissected after the injection of BAOP-16 via tail veins
(n =13). (a) A fluorescent image of the mice brains. (b) Quantitative analysis of fluorescence intensity
of the mice brains. Aex/Aem = 640/700 nm.
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ABA / F 2L — av=v XEH\W72 invive i & TERF
EE~7 ZAHKOMFEES A= P2 W7 7Y PLAA A=YV T RT3,

BAOP-16 13 ApFH U I~—(a)fFE FC, AB7 4 7 U ATFHE F & I L T 8RR L 72
Z 5, BAOP-16 DS MMNERIEIC BT ARA Y o'~ — Z BINHICRIBATRE T H 2 2 & VR
2 X 1172 (Figure 1-15). $t\>T BAOP-16 7% invivo ICHEWT ARA ) I~=— %M § 5 2 &2
TEE0EIEHMET 57201, ABA / FaL—vavey A%{EE L, BAOP-16 % JE
Bk & 0 #e55%, Mzl L, sOtmERE IS L 72, GiKic ABA Y I~ —(@)%, ZH4ic PBS
EENENFEALEZA 7 FalL—vaveyRicBnTii, ABA Y I~ —FE AL T, PBS
FEATOLE IR L THBICEWH Y 7P AR bz, ORI Y, BAOP-16 23
WD ABA Y I~ —% B FRETH % & & 23R X 1172 (Figure 1-16a,b). & 51T, HMIC AB
) ITv—(), EMICAB7 4 7V NV EZNZIWFEALLA )/ Fal—va vy 7 RCEN
Tb, ABF Y I~ —FAFLLT, AB7 4 7V MEAFL & I L THEICEH WLy 7
ABERD LT &5 5, BAOP-16 MHNICHE T ABA ) o'~ — 2 E IR BET H
% Z & R X U7z (Figure 1-16¢, d).
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Figure 1-15. Phantom imaging of BAOP-16 in brain-relevant environment. (a) A fluorescent image
of each well in phantom imaging. (b) Quantitative analysis of fluorescence intensity from each well.
Aex/hem = 640/680 nm. Statistical analysis was performed using one-way ANOVA and post-hoc
Bonferroni’s test.
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Figure 1-16. Results of in vivo evaluation of BAOP-16 using AB-inoculated model mice. (a) A
fluorescence image and (b) quantitative analysis (n = 4) of the study using mice inoculated with PBS
(left) and AP oligomer (right). (c) A fluorescence image and (d) quantitative analysis (n = 5) of the
study using mice inoculated with A fibril (left) and AP oligomer (right). Injected dose of BAOP-16
was 2 mg/kg. Aex/Aem = 640/680 nm. Statistical analysis was performed using paired t-test.
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APPNUGENLGF < v 2 o A% U) i %2 FH o 72 SO S

BT, BAOP-16 25k o ABA Y I~ — %M TE 200 &) %A L 72, ik
T R ofFRici, AB7'w b7 4 7I ADIBK & REST 2 LA R 5 2 iHhic &L AR
R RIS 2B n A 2 = 7 R(APPNLGINLGE < v 211 2 w7z 9, itk
WTT7 I P74 7V ARRPAREE T -7 LCGLHI T3 ThS & BAOP-16 %
w7zt 2 Efi L 7. R LT, 77— 2fkD BAOP-16 ki 23 idAH# ) B2k
ICRED b AL, Z DJFHTEIL ThS etz & da—3 L 7z. —J5 T, BAOP-16 | ThS [Gi4EL
D JEIFEIIC DT 58 Bt L 72 (Figure 1-17a—). 12T, [F—YIHIC2WwT ABECHIFE
WPUAETH 5 6E10 Pk % v 7 St L A e 2 17 o 72 K55, 6E10 §1fE & BAOP-16 D
MICRES X R EiHE O —EHZ0 bz 2 L 25, BAOP-16 13 AREFFRAICY M LT
W5 T L AURIE X L7z (Figure 1-17a,d). AB7 4 7Y AR T 7 — 7 OFLICRIET % —J7 T,
ABAY T2 — 1377 — 7 OHLDORE LT, EAFEICHOHFEET 2L AMEINTY S
6, L7245 T BAOP-16 2 AU D ABA Y =o'~ —ICHi& L T 2 AIREME SRR & 1
72, T HIT, OMAB §ifk % Hl v 7 g gt et & BAOP-16 % 7z 8O S % [F]— Y] i
XL TiTo72¢ 25, OMAB iifk & BAOP-16 DEICJHTE S X CYRAHEIK O —H 0500 bh
7z (Figure 1-17e-g). DL L O#ER 25, BAOP-16 28 APPNC-GFNLGF < v7 2 o iU B
ARBA Y I — %M T 5 2 LA TE ZAREMED R S -,

BAOP-16 ThS Merged 6E10

BAOP-16 OMAB Merged

Figure 1-17. Neuropathological staining of BAOP-16 and ThS and immunohistochemical staining of
APB species in the same brain section from an APPN-G-FNL-G-F moyge, (a) Stained with BAOP-16; (b)
stained with ThS; (c) merged image of a and b; (d) labeled with anti Af antibody (6E10); (e) stained
with BAOP-16; (f) labeled with AP oligomer specific antibody (OMAB); (g) merged image of e and
f. Scale bar: 50 um.

39



APPNLGINLGE = 7 2 e L e R REEA X —P v 7

PRIC, APPNLGINLGE <7 2 % F\» T BAOP-16 DEREHNA X =Y v itk 2 HH
%G L 72, BAOP-16 Z~ v Rk L W &5 L, FRRFNIC~ v RBEE O SOE {5 % B
Bl A, APPNVGINLGE -5 2GR IEH w7 R L IR L CHiWH N > 7 F 5355880 &
niz. ZofER? 5, BAOP-16 ® ARA Y I~ —fENH N 7'm— 7 & L COEFEHNA X —
Vv I~ DIGHTTRENE 2SR Y X 417 (Figure 1-18a, b).

BT, BAOP-16 28 APA ) o= — A LT3 089 %R T 5720, ka4
A=V v oy 2oz ft L, BEEYIR 2 ER L <, dOCBEpEE cigg L.
APPNL-GFINLGF < v 2 o I H Cld, BAOP-16 DYERAL A3 % 54389 & 1L 7- (Figure 1-
18c, d, f, g). —/, IEH~ v XAOMHMYIF TlX, BAOP-16 JEIALIZERD b ivind o 7=
(Figure 1-18i, j). X 512, 6E10 Jiffs X 18 OMAB Jifkx V7= iEgeta {7 -7- & Z 5,
BAOP-16 & 6E10 (Figure 1-18¢)3 X UF OMAB (Figure 1-18h) D [H]IC JS7E D —3 03 % L2 132
D HNTz. X HIT, ThS %AW/ 8#EY TlE, ThS (X BAOP-16 YLaERiz o FhuLfHEIK D &
3t L 72 (Figure 1-19). S5 OFER 25, BAOP-16 13 APPNEGFNLGE < w7 2 p i N ~F%
fil, ABFH ) I~—ICHiB T2 2 LRI N,
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Figure 1-18. In vivo fluorescence imaging and ex vivo section staining of BAOP-16 using APPNV-G-
FANL-GF and age-matched wild-type (WT) mice. (a) Fluorescence images of APPNL-G-FNL-GF and WT
mice at 10, 20, 30, 40, 50, and 60 min after injection of BAOP-16 and (b) quantitative analysis of
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fluorescence from the brains of APPNV-GFNL-G-F and WT mice after injection of BAOP-16 (n = 4).
Injected dose of BAOP-16 was 2 mg/kg. Aex/Aem = 640/680 nm. (c and f) An ex vivo fluorescence
image of a brain section from an APPN-G-FNL-GF moyge observed with the Cy5 filter set; (d) an
enlarged image of the white solid flame in ¢; (e) immunohistochemical staining of d with 6E10
antibody; (g) an enlarged image of the white solid flame in f; (h) immunohistochemical staining of g
with OMAB antibody (i) an ex vivo fluorescence image of a brain section from an age-matched WT
mouse; (j) an enlarged image of the white solid flame in i; (k) immunohistochemical staining of j with
6E10 antibody. Scale bar: 1 mm (c, f, and 1); 200 um (d, e, g, h, j, and k). Statistical analysis was
performed using unpaired Student’s t-test.

(a)

Figure 1-19. ThS staining of APPNL-G-FNL-G-F brain section after ex vivo fluorescence observation. (a)
An ex vivo fluorescence image of the brain slice of the APPNV-G-FNL-G-F mouge observed with the Cy5
filter set. (b) the fluorescence image of the same section stained with ThS and observed with the GFP-
B filter set. (¢) The merged image of a and b. Scale bar: 50 um.
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1.1.3 /ME

KEiCld, ABA Y I~— DAL A =2 v ZVIJSHABERE A A =P v 7T u—T D
BF6 % HY L LT, BODIPY 58k D SAR W5t 21TV, R L LAamIicBIL T, ABAY
T —IENEHNA A= v 77T e =78 LCoOiHliZiTH> 2 &ick b, UToMRA %257,

(1) SAR W3EICIB T BAOP-16 28 ApA U o'~ —icxf 3 2 @V aERME B X AR %
N7z

(2) SAR THFEDFER LV, y FHOIFHEED ABA Y I~ —fENHEA A=Y v 7T e —
ToREE LTEHTH L Z BRI NT-,

(3) BAOP-16 1% k7 ERED ABA Y I~ —ICxf L CHOE LR Z/R L 7z,

(4) BAOP-16 I ~EITL, ABA / Fal —v av=9 ZAWMHAD ARE Y == — % &R
IR L 72,

(5) BAOP-16 IC X 3 AEfKH#EA A — 2 v 77 ClE, APPNUGFNLGE <=7 2 pEERIC 5\ C, IE
W2 R LR L TREWEN Y 7 F A8 b ik,

(6) Ex vivo iHliiC 31 >T, BAOP-16 75 APPN-GFNLGF < v 2 DN D ApA ) == — iChEA
LT3 T ERRBEINT.

LLED#EFR X D, BAOP-16 28 ARA Y I~ — DR A A =2 v ZICHATRE R HEA A —
Vv r7u—7L LTERATH B AMREAR I Nz, AT, y FHON TGRS AP+ Y
I —RENHNA A=V v T e —TORBICE T 20 FikEIHgE LTAEMTH L Z L
BREI T,
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FB2H  EHBENA AV v II~DGAEOR E%Z BB & L7 BODIPY #F&E
DB EREL

BARHEOEA A — 2 v 7B T 2R BOCHHR % BUS9 5 720121, JERAMEISIC IR -
HCWRREHAT 5 &, MEATHEZ R 2 &, B Z @& 0@ IR TRETH 2
LR EOEBOGMN EN - T T e — T OSSRk b5, 1 Hio SAR FFEIC B
THH L7z BAOP-16 13 ApA Y I~ —D#ERNEHEEZ B 35— T, BARIGEED T
IRAMEIR X D D FE V0 (haps = 638 nm < 650 nm), HEATEZSIESE ICE V> (log P =4.98), ApA Y =
~ — TN B A AEIRE 2 R & 72\ (Kg = 34.3 nM for AB oligomer; Kq = 15.9 nM for A fibril)
Evo ERE A A=Y v IEHT 2 ECoEEA LTS, Z 2 CARHITIRA A
A A= v Z~DIeHED A E%E HIE LT, BAOP-16 D & b 7t 3 iR %2 1T - 7-.
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1.2.1. EBAE
A - B

Bl RIS ik i i AR B 7R &4E%! JEOL ECAS00 35 X U JOEL ECZ600R % FH\»
7. w4 78w 7L — 1Y —X—ICi3 TECAN ##! Infinite® 200 pro M Plex Z > 7z, fth D ik
3K EEIEE 1 HieFkTH 2.

“&E.*-‘
¥ |§

1% F1EERRICLT, BA-FHL ..

&k
5-Nitro-4-phenylpentan-2-one (3), 2-methyl-4-phenyl-1H-pyrrole (5), 5,5-difluoro-3,7-dimethyl-
1,9-diphenyl-5H-4)\* 5\%-dipyrrolo[1,2-c:2',1'-f][1,3,2]diazaborinine (7), (E)-2-((4-(2-(5,5-difluoro-
7-methyl-1,9-diphenyl-5H-42*,5A*-dipyrrolo[1,2-¢:2',1'-][1,3,2]diazaborinin-3-
yl)vinyl)phenyl)(methyl)amino)ethan-1-ol (9, BAOP-16) (55 1 & 5 1 fifi & FIERIC L CTAHL 7.

(E)-4-(Thiophen-2-yl)but-3-en-2-one (2)

800 uL @ 5 viv%/KEE(L I + U v LK F X UF 2-thiophenecarboxaldehyde (1.87 mL, 20
mmol)% 7+ t ¥ (2 mL, 27.5 mmol) & /K(4 mL)DRE&AEICHN 2, Ei < 7 BB L 7.
KEMAKIGEZIL L 2%, Z7vvdracfith L7z, GEELARES MY v 2okl 72
B BRI R TR L L2 RiEEZ L VAT v a~ b 2T 7 4 —(WFB T F v/~ F ¥ v=15/95)
THE L CHWY) 2 Z L& 2062 mg (68%)TfF7z. 'H NMR (500 MHz, CDCl3) & 7.48 (d, J =
16.0 Hz, 1H), 7.25 (d, J = 5.2 Hz, 1H), 7.13 (d, J = 4.0 Hz, 1H), 6.90 (dd, J = 5.2, 4.0 Hz, 1H), 6.36
(d, J=16.0 Hz, 1H), 2.16 (s, 3H). MS (ESI) m/z 153.0 [M + H]".

5-Nitro-4-(thiophen-2-yl)pentan-2-one (4)

L&Y 2 (2.0 g, 13.1 mmol)% DCM (42 mL) & = b 1 X & v/(18 mL)D IR AIRIRIC AR X 4,
DBU 22 mL)%# M Z7z. 0°CT 3 BRI L 7214, Zun s s X OF 4B ) v L
KB HEIMAZ S e CRIGEFEIE L, 2ooksraciiiiL2%, BE26EF Y ¥
LTHIKL, WIEZRIEEE L. REE2 VAT s~ 797 4 —(BETF v/~ F
= 15/85)CTHE L CHY 4 % L& 878 mg (31%) Tf47z. 'H NMR (500 MHz, CDCl3) &
7.24 (dd, J=5.2, 1.2 Hz, 1H), 6.98-6.94 (m, 2H), 4.75 (dd, J = 12.6, 6.9 Hz, 1H), 4.65 (dd, J = 12.6,
7.4 Hz, 1H), 4.38-4.32 (m, 1H), 3.01 (dd, J= 6.9, 3.4 Hz, 1H), 2.19 (s, 3H). MS (EI) m/z 213.3 [M]".

2-Methyl-4-(thiophen-2-yl)-1H-pyrrole (6)
L&Y 4 (800 mg, 3.8 mmol), E/L7k U (980 uL, 11.3 mmol), HffE7T v € =7 L (1730 mg,
22.5mmol), Fi#(360mg, 11.3 mmol)% IJEK 7 7 X =iz, 80°CT 30 MIHHEL /2. il
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TCHHEIL 2%, KEMZ S ETRIBEREILLZ, Z7aadr i L%, AHE%
BilgEF + U v LTk L, WIERZBTEEE L. REEZY VA7 Avru~ 2T 7 4 —(lif
B F/~F 3 v=1585THEELTHIY 6 ZIlE 114 mg (19%)TH#7-. 'H NMR (500
MHz, CDCl3) & 7.80 (br, 1H), 7.08 (dd, J=4.6, 1.1 Hz, 1H), 7.02 (dd, J = 3.4, 1.1 Hz, 1H), 6.99 (dd,
J=14.6,3.4 Hz, 1H), 6.84 (dd, J = 2.8, 1.7 Hz, 1H), 6.14-6.13 (m, 1H), 2.26 (s, 3H). HRMS (ESI-
TOF) m/z caled for CoH NS, 164.0528, found 164.0528 [M + HJ".

5,5-Difluoro-3,7-dimethyl-1,9-di(thiophen-2-y1)-5 H-4\* 5\*-dipyrrolo[ 1,2-¢:2'.1'-
f1[1.3.2]diazaborinine (8)

AN b X ) = F (78 ul, 0.47 mmol)Z LAY 6 (152 mg, 0.93 mmol)® DCM ¥ (10
mL) KW TINA, TAay HRFERLT 0°CT 15 IR L 72, b 25V 148 L,
0.51 mmol)ZKim Pl A, 7Ny A AFERA NEmMT3REHEELZ. P zFrT7 IV
(650 uL, 4.7 mmol)¥s L =7 v{bhr v FEY T F LT — 7 LER650 pL, 5.2 mmol) % Kim T
Mz, EiRc 2RI L7z, KEMAKICEFEIEL, Z7easLraciif L. AiE%
Wil + Vv LTk L, IWEZRIERE AL 721, BiEx v VhTrrsu~ b 777 14—
Mg 5 v/~F % =10/90) THHE L T HIWY 8 % ILE 29 mg (17%) TF7z. 'HNMR (500 MHz,
Acetone-d®) & 7.83 (s, 1H), 7.54 (dd, J = 5.2, 1.1 Hz, 2H), 7.38 (dd, J = 4.0, 1.1 Hz, 2H), 7.10 (dd, J
= 5.2, 4.0 Hz, 2H), 6.51 (s, 2H), 2.46 (s, 6H). HRMS (ESI-TOF) m/z calcd for C19H1sBF2N2So,
385.0811, found 385.0814 [M + HJ*.

(E)-2-((4-(2-(5.,5-Difluoro-7-methyl-1.9-di(thiophen-2-y1)-5 H-4\*,5\*dipyrrolo[ 1 ,2-¢:2'.1'-
f1[1.3.2]diazaborinin-3-yl)vinyl)phenyl)(methyl)amino)ethan-1-ol (10, BAOP-18)

N-AFNV-N-(2-t FRF L ITFN)4-T I ) XV AT AT b F(23 mg, 0.13 mmol) % L&Y
8 (47.7 mg, 0.13 mmol) D /K + VT VIR (10 mL)ICH 2 72, E H I e~ ¥ /(100 uL)¥ X
OBERE(100 pL)Z N 2, T2 v A AFFHK TMEGRR L 72, Wz TR AL, Kbz 7
I 7B ) AT u~ s 7T 7 4 — (BB T v/~ F Y v = 20/80) THEEL L
THMY 10 % L& 13 mg (19%) TfF7z. 'H NMR (500 MHz, DMSO-d%) § 7.81 (dd, J=5.2, 1.1
Hz, 1H), 7.77-7.74 (m, 2H), 7.71 (dd, J= 5.2, 1.1 Hz, 1H), 7.61 (dd, J=4.0, 1.1 Hz, 1H), 7.50-7.47
(m, 4H), 7.29 (dd, J = 5.2, 4.0 Hz, 1H), 7.24-7.21 (m, 2H), 6.80 (d, J = 9.17 Hz, 2H), 6.61 (s, 1H),
476 (t,J = 5.7 Hz, 1H), 3.58 (q, J = 5.7 Hz, 2H), 3.49 (t, J = 5.7 Hz, 2H), 3.03 (s, 3H), 2.52 (s, 3H).
13C NMR (125 MHz, DMSO-d®) & 156.77, 152.37, 150.87, 141.40, 137.51, 135.07, 133.95, 133.85,
133.74, 130.66, 129.64, 128.84, 128.82, 128.74, 127.99, 127.83, 127.02, 122.93, 119.37, 115.39,
114.66, 111.97, 111.73, 58.17, 53.91, 38.79, 14.26. HRMS (ESI-TOF) m/= calcd for C29H27BF2N30S:,
546.1651, found 546.1653 [M + H]".

3.7-Dimethyl-1.9-diphenyl-5 H-4)\* 5)\*-dipyrrolo[ 1,2-¢:2'.1'-A][1,3.2]diazaborinine-5,5-dicarbonitrile (11)
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HFAL A ZXAV)D 1 M DCM (118 pL, 0.11 mmol)B X ' b Y X F 1+ 7 = F(200 pL, 1.5
mmol) % L&) 7 (79 mg, 0.21 mmol) DK DCM IFHR(2 mL)ICHZ, ZHE T 45 oL
7. KEMARKISZEEIEL 2%, Zuarr oot L, GHEZ28RRBKEF M) Y4
KB CHEH L 7-. AKE 2Tl F U v 4ok L, B 2REREL 2%, Bz sV
ATNra~ 7T 7 4 —(7aakh/~FFr=8020)THEELCHIY 11 ZILE 73
mg (89%) T#+7=. 'HNMR (500 MHz, CDCl3) 8 7.68-7.60 (m, 10H), 7.57 (s, 1H), 6.77 (s, 2H), 3.04
(s, 6H). HRMS (ESI-TOF) m/z calcd for CasHisBN4, 385.1630, found 385.1627 [M — H] .

3,7-Dimethyl-1,9-di(thiophen-2-y1)-5H-4A* 5A*dipyrrolo[1,2-¢:2'.1'-f][1,3.2]diazaborinine-5,5-
dicarbonitrile (12)

LEY 11 L RO ERIEIC X 0, (LAY 8 25, HINY) 12 % IINE 43.6 mg (23%) THH7=.
'"H NMR (500 MHz, CDCl3) & 7.89 (s, 1H), 7.42 (dd, J = 5.2, 1.1 Hz, 2H), 7.24 (dd, J=3.4, 1.1 Hz,
2H), 7.19 (s, 2H), 7.11 (dd, J = 5.2, 3.4 Hz, 2H), 6.52 (s, 2H), 2.73 (s, 6H). HRMS (ESI-TOF) m/z
calcd for C21H14BN4S,, 397.0758, found 397.0761 [M — H] .

(E)-3-(4-((2-Hydroxyethyl)(methyl)amino)styryl)-7-methyl-1,9-diphenyl-5 H-4\* 5A*-dipyrrolo[ 1,2-
c:2'.1'-f][1,3,2]diazaborinine-5,5-dicarbonitrile (13, BAOP-19)

N-AFNV-N-2-t FRF L ITFN)4-T I /)XY XT LTt F(15mg, 0.085 mmol) % L&)
7 (33 mg, 0.085 mmol) D /K + VT VIER (S mL)ICIN 2 7z, T H e ¥ v (100 L) L
BERZ(100 pL)Z Nz, 7o =2 H ZAFERHA T 80°CT 3 ReifiE L 72, A2 TEE AL, 5%
BET I/ 7TaeAiEfiv ) hrvsa~ b 777 4 —(7 vk L/~F ¥ = 80/20)
THESLL CHMWY 13 ZI&E 12 mg (26%) TH+7z. "H NMR (500 MHz, DMSO-d°) § 8.00 (d, J =
15.5 Hz, 1H), 7.69-7.67 (m, 3H), 7.59-7.47 (m, 10H), 7.31 (d, J = 15.5 Hz, 1H), 7.25 (s, 1H), 6.89 (d,
J=9.16 Hz, 2H), 6.77 (s, 1H), 4.77 (t, J = 5.2 Hz, 1H), 3.60 (q, J = 5.2 Hz, 2H), 3.54 (t, J = 5.2 Hz,
2H), 3.08 (s, 3H), 2.72 (s, 3H). 13C NMR (125 MHz, DMSO-d®) § 156.57, 151.66, 151.14, 145.92,
143.91, 141.60, 132.96, 132.65, 132.01, 130.16, 129.43, 129.29, 129.24, 129.17, 128.71, 128.60,
128.53,122.79,121.37,117.52,117.32, 112.30, 109.54, 58.25, 53.94, 30.69, 14.73. HRMS (ESI-TOF)
m/z calcd for C3sH31BNsO, 548.2616, found 548.2615 [M + H]".

(E)-3-(4-((2-Hydroxyethyl)(methyl)amino)styryl)-7-methyl-1.9-di(thiophen-2-y1)-5S H-4\* 5\.*-
dipyrrolo[1.2-¢:2".1'-f][1,3.2]diazaborinine-5,5-dicarbonitrile (14, BAOP-20)

LAY 13 LFRBROARGEIC XY, (LAY 12 55, HETY) 14 2 U 12 mg (19%) TF7=.
"H NMR (600 MHz, DMSO-d®) 6 8.00 (d, J = 15.1 Hz, 1H), 7.87 (dd, J = 4.8, 1.4 Hz, 1H), 7.80 (s,
1H), 7.76 (dd, J = 4.8, 1.4 Hz, 1H), 7.73 (s, 1H), 7.68 (dd, J = 3.4, 1.4 Hz, 1H), 7.56-7.54 (m, 3H),
7.32 (dd, J=4.8, 3.4 Hz, 1H), 7.27-7.24 (m, 2H), 6.89 (d, J = 9.6 Hz, 2H), 6.82 (s, 1H), 4.78 (t, J =
5.5 Hz, 1H), 3.60 (q, J= 5.5 Hz, 2H), 3.54 (q, /= 5.5 Hz, 2H), 3.08 (s, 3H), 2.68 (s, 3H). HRMS (ESI-
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TOF) m/z caled for C31H27BN5OS,, 560.1745, found 560.1745 [M + H]*.

5.,5-Difluoro-3.7.10-trimethyl-1,9-diphenyl-5H-4A* 5\*-dipyrrolo[ 1,2-¢:2'.1'-A][ 1,3.2]diazaborinine (15)

AL T & F (180 pL, 2.5 mmol) % LA 5 (800 mg, 5.1 mmol) D 7K DCM & (7 mL)ICIK
WMz, 7Aay AAFEMA T ER CREERELZ. PV ZFATIv@mL)BLU=7
EEVRY T F AL — T ARG mL)ZKE T A, Filk < 2 R L 72, K22
JGEiFILL, Z7raR VATt L7, AELZREES P Y v AClKL, W2 RERE
L7tk Wiz VAhrru= 777 4 =TT v/ ~F % v=7/93)THE L THM
Y115 % IILE 47.6 mg (5%)Tf%7z. 'H NMR (500 MHz, CDCl3) & 7.26-7.20 (m, 6H), 7.18-7.15
(m, 4H), 6.10 (s, 2H), 2.56 (s, 6H), 1.63 (s, 3H). HRMS (ESI-TOF) m/z calcd for C2sH»BF2N»,
387.1839, found 387.1836 [M + H]".

5,5-Difluoro-3,7,10-trimethyl-1,9-di(thiophen-2-y1)-5 H-41* 5A*-dipyrrolo[1.2-¢:2'.1'-
f1[1,3,2]diazaborinine (16)

LEW 15 LRk ERBGEIC XY, {LEW 6 205, B 16 % ILE 152 mg (23%) THH7=.
'H NMR (500 MHz, CDCl3) § 7.32 (dd, J= 5.2, 1.1 Hz, 2H), 7.00 (dd, J = 5.2, 3.4 Hz, 2H), 6.94 (dd,
J =34, 1.1 Hz, 2H), 6.27 (s, 2H), 2.59 (s, 6H), 2.06 (s, 3H). HRMS (ESI-TOF) m/z calcd for
CaoHisBF2N»S5, 399.0967, found 399.0963 [M + HJ*.

3.7.10-Trimethyl-1.9-diphenyl-5 H-4\* 5A*-dipyrrolo[1.2-¢:2'.1'-A][1.3,2]diazaborinine-5,5-
dicarbonitrile (17)

FALAZXAV)D 1 M DCM ¥&##(62 pL, 0.062 mmol)H L U+ U X F L7 = F(115 uL, 0.86
mmol) % (L& 15 (47.6 mg, 0.12 mmol)D fE/K DCM A3 mL)ICHI A, Zi T 15 /iR L
7o, KEMZRISHEIEL 21, Zaasr it L, GHE% BRREEKEF Y v A
KB CUEE L7, AHEE 2B P Y v ACk L, W2 IERE L 2%, BEz )
hTnra~b 777 4—(Zaafnb/~F% =937 THE L CTHWY 17 % & 43.0mg
(87%)THF7=. 'HNMR (500 MHz, CDCl3) § 7.37-7.31 (m, 6H), 7.25-7.23 (m, 4H), 6.34 (s, 2H), 2.80
(s, 6H), 1.74 (s, 3H). HRMS (ESI-TOF) m/z calcd for CosH20BNa, 399.1787, found 399.1789 [M — H] .

3.7.10-Trimethyl-1,9-di(thiophen-2-yl)-5H-4)\*.5A*-dipyrrolo[1,2-¢:2".1'-f][1.3.2]diazaborinine-5,5-
dicarbonitrile (18)

L&Y 17 LR ERGEIC XY, LEY 16 205, B 18 % UIUE 32.8 mg (73%) T
7z. 'HNMR (500 MHz, CDCl3) 8 7.61 (dd, J=5.2, 1.1 Hz, 2H), 7.27 (dd, J= 5.2, 3.4 Hz, 2H), 7.21
(dd, J = 3.4, 1.1 Hz, 2H), 6.68 (s, 2H), 3.02 (s, 6H), 2.36 (s, 3H). HRMS (ESI-TOF) m/z calcd for
C2H16BN4S,, 411.0915, found 411.0916 [M — H] .
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(E)-3-(4-((2-Hydroxyethyl)(methyl)amino)styryl)-7,10-dimethyl-1,9-diphenyl-5 H-41*,5\%-
dipyrrolo[1.2-¢:2',1'-f][1,3,2]diazaborinine-5,5-dicarbonitrile (19, BAOP-23)

{LEY 13 RO EBEIC XY, (LEW 17 25, BWY 19 % IUE 5.9 mg (14%) THH7=.
'"H NMR (500 MHz, DMSO-d%) & 7.88 (d, J= 15.5 Hz, 1H), 7.51-7.35 (m, 13H), 7.31 (d, /= 15.5 Hz,
1H), 6.86 (d, J=9.2 Hz, 2H), 6.51 (s, 1H), 4.75 (t, /= 5.2 Hz, 1H), 3.59 (q, J = 5.2 Hz, 2H), 3.51 (4,
J =152 Hz, 2H), 3.05 (s, 3H), 2.70 (s, 3H), 1.73 (s, 3H). *C NMR (125 MHz, DMSO-d®) § 154.47,
154.20, 151.33, 149.17, 146.95, 142.71, 139.06, 136.14, 135.51, 131.23, 129.80, 129.04, 128.91,
128.85, 128.52, 128.45, 128.29, 128.01, 122.85, 121.09, 120.46, 112.16, 109.70, 58.22, 53.92, 38.86,
18.58, 14.68. HRMS (ESI-TOF) m/z calcd for C36H33BNsO, 562.2773, found 562.2773 [M + H]J".

(E)-3-(4-((2-Hydroxyethyl)(methyl)amino)styryl)-7,10-dimethyl-1.9-di(thiophen-2-y1)-5H-4\*,5\.*
dipyrrolo[1.2-¢:2".1'-f][1,3.2]diazaborinine-5,5-dicarbonitrile (20, BAOP-24)

{LEY 13 LR ERGEIC X Y, {LEY 18 205, HEY 20 ZUVE 10.2 mg (22%) T
7z. 'HNMR (500 MHz, DMSO-d%) § 7.92 (d, J= 15.5 Hz, 1H), 7.73 (dd, J= 5.2, 1.1 Hz, 1H), 7.65
(dd,J=5.2, 1.1 Hz, 1H), 7.52-7.51 (m, 3H), 7.35 (dd, /=3.4, 1.1 Hz, 1H), 7.28 (d, /= 15.5 Hz, 1H),
7.24 (dd,J=3.4,1.1 Hz, 1H), 7.16 (dd, J=5.2,3.4 Hz, 1H), 7.11 (dd, /= 5.2, 3.4 Hz, 1H), 6.86 (d, J
=9.2 Hz, 2H), 6.59 (s, 1H), 4.75 (br, 1H), 3.59 (t, /= 5.7 Hz, 2H), 3.52 (t, J = 5.7 Hz, 2H), 3.06 (s,
3H), 2.68 (s, 3H), 2.10 (s, 3H). '*C NMR (125 MHz, DMSO-d®) & 154.49, 151.67, 149.00, 143.58,
139.31, 139.00, 136.10, 134.96, 134.35, 131.83, 130.15, 129.85, 129.62, 129.31, 128.47, 128.17,
128.02, 126.26, 122.98, 122.14, 121.99, 112.37, 109.55, 79.33, 58.42, 54.15, 17.91, 14.78. HRMS
(ESI-TOF) m/z caled for C32H20BNsOS,, 574.1901, found 574.1902 [M + H]".

PRV D RHRE

B2 LFEREIE Gaussian 16 ¥ 7 b ¥ = 7 (Gaussian #1:38) 3% X OF GaussView 6 ¥ 7 b v =
7 (Gaussian (L8 % FWCiT o 72, FEENBIE(DFT)iE 2 v T, Mol t & e A e
E(HOMO) F X WEAKIE H HHE(LUMO)D 7 v v 5 4 7 4y T-HE @ #E#ll % B3LYP/6-
31+G(d,p) L L TfT - 72(CPU: 12t Gen Intel® Core™ i7-12700, = 7 #(: 12, OS: Windows 11).
Clog P fitiiZ ALOGPS 2.1 & 27 4 ST Z# HIVCEHE L 7=,

SEYIERN R 0 HIE

AR A~ 27 b v UV-1800 % F W CHIE L 72, EAIERENT 0, 1, 5, 10, 20, 50
uM CHERAL S % VB fR S 4 72 BR O R RN RIC B T 2 WHE X DV EH L 72, 4R~
b Lk X OHDEE IR X RF-6000 % AW CHIE L 7=,

L E MR
W EE{t &% % EtOH (BAOP-16, BAOP-18, BAOP-19, BAOP-23, BAOP-24) % 72 1 1 v/v%
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DMSO % &% EtOH (BAOP-20)IC/Af# & & 7= (REE: 10 pM). {LEWIER(100 L)% Multi
Wellplate (0.4 mL x 96 wells flatbottom) IC 5l L 7z, 660 nm D 7RI % F v C 40 mW/em? D
SR CHEIRE L, 10 20 & & IR REGIE R IC I 1T 5 3655 % Infinite® 200 pro M Plex % H
WCTHIE L7z, 2 OE(EE 60 43T o 72,

R 2 1 o G

PERL AP D 2 mM DMSO % = F L v 7)) 2= W(EG)E L U7 ) £ v — W (G)DRA
BIRIC S uM & 725 X 9z 7. [IRAER DA EG/G = 100/0 (21 cP), 80/20 (52 cP), 70/30
(81 cP), 60/40 (124 cP), 50/50 (183 cP), 40/60 (283 cP) % 7z % 30/70 (426 cP)]** > {LAWEHR (100
uL)% Multi Wellplate (0.4 mL x 96 wells flatbottom)IZ Z-AI1 L, A ICHR I I 1) 5 HOEERE
% Infinite® 200 pro M Plex % F\»CHIlE L 7. HIEEIZLATIC/R 3 Forster-Hoffman = ¢
Sl(Equation 1-1)ICfE V>, fEHT L 72.

log I =xlogn + 4 (Equation 1-1)
A: ER L HOEEEE, n: REEE(CP), x: REEEREZIE

R 7T FEEEAR DR
B1E B EFEBRICLTERL 7.

ABHIENICEB T 2 HEAX T P Lo lllE

AR (FRIEEE: 10 uM) I X BRI AP REIREE: 10 uM) % 10 viv% EtOH &F PBS 1 CiEA]
L,5EABE/ ~—B XN ARA Y I~ —)F 7213 20 (AR 7 4 7V V)ER CHiE L 7z,
B A F9E 2 LIS L RF-6000 2 W CHIE AR 7 P V2 HIE L 7z,

VA P R A

WER L &P D 10% EtOH ¥Ai1%(0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 30, 40, 50 uM) % FHEL L 7=,
B RO T | pEE LR T o 72, Lz A%~ L, UV-1800 % F\» T KWk
IR 31 2 WG & JIGE L 7=,

B PR 5 o HlE

BERLAPIA0uM) % ABA Y 2% —(0,2,4,6,8, 10 pM) L IRFI L, EIR T 5 5[l L 7-.
Multi Wellplate (0.4 mL x 96 wells flatbottom)IZ#AI L, Infinite® 200 M Plex THERILGY) D
KRENRRICE T 2 HIRE A ME L7, MERE 77 v 7 EZ@ES X 5125wz, BiR
U 3ok R VTR L .
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BaA b OHBEEORY © o

ftame~*¥ v, ¥y, brxy, BBTFL, DCM, 1-74 /7 =), 2-7 057
— /b, EtOH HHOWIN - HOLIKER ZMIE L 7z, SinEh o m KHEOC R & s R o2 &
i, UToRTHE-T, T ziTH 2 & T, mARENER L HFEROMR 2L, 56
n7=-RKz i, ABFETICE T 2 RANHNBEROEZ T, MadA Mk 2 HFHE
Rrakdi-. BB O HEEERIC T Sigma-Aldrich Solvent Center Dfifi % F > 7z,

AL=a[(&—1)/2& + 1) — (n* — 1)/(2n> + 1)] + b (Equation 1-2)
1/Aem = az[(&0 — 1)/(2& + 1) — (> — 1)/(2n* + 1)] + b2 (Equation 1-3)
1/Aem = a3(&0 — 1)/(2& + 1) + b3 (Equation 1-4)

ay, ar, as, b1, by, by: TEBL AL A D=2 A2 T b, Jem: BRHECIE, a0 WFEEE, n: JEITE

T77YVENLAR=D VT

B1EEIHieFAKCLTey ZAEY A —F 282 MAEY A — P& Multi
Wellplate (0.4 mL x 96 wells flatbottom)(C 1 7 = L2472 0 100 uL $OFM L7z, & 51T AP (&
JEEE: 5 uM)F X 1N BAOP-24 (#REE: s uM)Z I 2, 2T 30 0 [EIEHE L 728, Ik o d G
% IVIS SPECTRUM A X —3 v 7'y A7 L% V- CTHRAR L 72 (FEYERERET: 1.0 s, fstop: 2, Jil
7 4NV Z—:675nm, HE7 4 X —:720 nm).

In vitro Y] i 4
~ v AMAHRRY) o (F

APPNL-GHENLGF <57 2 (fdE, 4-5 Hilim) & Y i L 72 2 CHiANCIRIE L, FI9A T4 R %
FAWCRERH L 72, HfE 7y 7%, AWM 74422y P EHWTHYIL, 25um
JEDYI R ZF8 L 7=, KR E T-20°CTRTF L 7.
ThS & #EER{LEY DI

B FE 1A EFERICLTTo 7.
ABFCHIFRRRPTIAR % > 72 SRR L 2 e

1R B 1AL FERICLTTo .
PLABA Y =o'~ — Pk & v 2 ot et

OMAB #if& % PBST T 200 f&#i B L 7= 1%, BdAHARY) - % FUAAIRIC 250 CHRORGRIE L 72,
RS R % PBST THE¥ L 724, PBST T 200 {5758 L 7= Alexa Fluor 488 #2: goat i~ 7
A IgM $Tf&(Thermo Fisher Scientific #1%)/A# I 55 C 2 REIRIE L 7. PBST Titiftz,
BAOP-24 ® 50% EtOH IAH#Z(20 uM)IC 5. T 20 /3[EiR1E L 72, 50% EtOH /KA T 1 0o
P& 2 {7 - 72%%, BZ-9000 % W CYIF 28I L 7=,

s 2
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Z v MetififgfE PC12 MildiZ American Type Culture Collection £t & 0 BEA L 72, #ifdix
10 v/v% FBS & X T 10 viv%IEEI{t v < IfliE (Thermo Fisher Scientific £:%4) % & ¥ Dulbecco’s
Modified Eagle Medium (DMEM) (# 7 7 4 7 % 7 Bkt dydh, 37°C, 5 viv% CO, F o5
L7.

MTT 7 v & A

PC12 ffifd% 96 7 = )7L — b (Corning tL%)iC 30,000 cells/well THEFEL, 10 v/v% FBS
F X5 vv%IE@L 7 < 1MiE (Thermo Fisher Scientific %)% & 1> DMEM ' 37°C, 5 v/v%
CO, N T 72 WefEli5#E L 72, Bz FRZE L 72%%, BAOP-24 5 XU 1 viv% DMSO &84
FTATAIBASHE 7 £ 7 =Ly FAE DMEM (100 pL)% #5001 L 72(BAOP-24 D #4&k
J£:0,0.5,2.5,5,10 uM). 37°C, 5 v/v% CO, T 24 BfIGE L7, DIBOEREIRE 132 F1
fiii & [|ARIC LCTfT o 72,

HARENA A=V v
F1E B IAERMKCL T 72,

Ex vivo # G0

APPNL-GFNL-GF < vy 2 (iffedt, 5 H i) 3 L U8 C57BL/6 ~ v A (M, 5 A )% Fv7-. BAOP-
24 D 20 viv% DMSO & 7a v L v 7Y a—VigiRaE ~ v ADJEEIRE Y 2 mgkg TR 5
L7z, &5 30 32IC~ 7 RADREEFILE Z 1T\, inviro YIR Gt & [FIRRIC L CHAEYI %
ERLL 7. Yl % BZ-9000 12 X 0 I CHOEEISS L 72, ThS I X 2 HOCH, 6E10 HifE
% 72 SRR L A G & 72 12 OMAB Fifkz Fl v 7= g e et 17 o 7. ThS £ 7213
OMAB #LifRIC X b YLt L 72V /1% BZ-9000 % F > C, 6E10 FiLiAiC & b Yett L 7= Y1 1% FSX-
100 % W CTEIZEL 7.
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1.2.2. BRLEE
s aaEn

BAOP-16 OHEERENA A —v v I~DJsHEO E2HIE LT, 3 D DikaHkIgICHE
W, Bz 7o & axat L 7z (Figure 1-20). 1 O H Dkt (Strategy 1)(3, BODIPY & D
1 BIRTND 7 2=V EOF TV EE~DEWRTH . BODIPY BI&D 1 itk X O 7 fif
ICF T NVERBEAT L2 LiCX by, W - #HAERESRERILT 2 2 e liEINnTHY
64, Strategy 1 I1C & o TN - HOLKR O RIERLAR T 5. 2 O H OExaEtikig(Strategy
2)i3 BODIPY BiD 7 A vk L 7/ ~D@ERTH 5. o7/ Hidmttr g <, Biak:
PRI 5 ERMFR I NS, S bic, v T FIFEES) BTG R TH B 72 @ push-pull
IR Z D, WIN - HOLRR ORERACHGHIFFCTE 5. KXo T, Strategy2 IC X Y IFAHED
IR & RN - HOCR R O RERCSFRIFICER NS L FE 2o b, 3 DHODOKGHKEG
(Strategy 3)iZ BODIPY HHE D 8 fii~D X FAFDEATH 2. 5 1 Hid SARWIFEICHB T,
BODIPY B1&D 1 fiz, 71, 8 {i~DEEILDEARHE T 10— 7D ABITHT 2 iEAHERIC
WEREZ 5 EREI N, COMREIIC, §~DOBEIILDOEAD ABICHTT B HEA
M2 Zbxe, ABA Y I~ —Ic 3 2 5B IR 2 0 B3 2 AlREME 0 5 2 LB 2, AGKGE!
g2 B U 72, AR ClE, ARBES T, 2 TROEMEZ RKRICHZ bhd 2 Lhb,
SALICEAT ZEHIL L L CAF AR ENL 2. 1 d OFEHRISICHE LV BAOP-16 % ffit
RT3 eick Y, Hizic 7T{LAEYI(BAOP-18-BAOP-24) % 5%5 1 L 7z (Figure 1-20).
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Strategy 1: Elongation of wavelengths \

S
Structural R © |:> D
modification ! Y,
I:> Strategy 2: Reduction of lipophilicity
& Elongation of wavelengths
R, F =) CN
-/ TOH Strategy 3: Modulation of binding modes

BAOP-16 "

K Ry H C=) Me j
" > Experimental items in Section 1-2

i. Computational calculation H
ii. Synthesis i
iii. Photophysical study '
iv. In vitro biological study E
v. In vivo fluorescence imaging i

OH
BAOP-18 M~ BAOP-19 N~/"OF BAOP-20 N~ "
(i, i, i) (i, i, i) (i, i, i)

OH BAOP-23 N—/"OH BAOP-24 N~ O"

BAOP-21 N—/"0H BAOP-22 N~
(i) (i) (i, i, iii) (i, i, iii, iv, v)

Figure 1-20. Design strategy and chemical structure of candidates.

54



HREE: 2 W AR O R R

CEMDEKZIT D AIIC, HEFL DT ICB LTI - HNEEOEREBEL 258
O 0 HEE T B 729, DFT GHREIC X 0 L&Y © HOMO & LUMO DD = 4L ¥ —7%
% 3K ¥ 7z (Figure 1-21, Table 1-9). F = = )V &HHE A X 172/t & D HOMO-LUMO T 3L ¥
=7 = AEREAINbEY L IR LTS, T EREAINLEYD
HOMO-LUMO T A V¥ —7d 7 A u B A I N ALEY L L ThEw e v ) A
ERIMFONT, NSRRI LFZoNHEEI R 7/ EROEAICL VBB ALF —
BNEL 7Y, RERAAPEL 2 EHEES Nz, —HT, AFARENSLICEAI NS
Y)©> HOMO-LUMO T ANF—EFXFAEBPEAIN TRV EAY & L TR E W»
EVIFHEEEIE O N CoEELS, 8§ MDA FAHEOEAICL VBT ALY
—DREL R, FHHEEAPAEL % L H#EE S 1172 (Table 1-9). HdE{k X N-hEIc s W T,
8 HLIC A FNIEDEA X NLEYD 1 s X O 7 DA EER & BODIPY ‘HH& DD 2 1Hi
A, AFAEBPEAIN TR LAY E L TRELC RS LI FTEMBREAI RO N
2. TORERXY, 8~ AFAIDEAIC X Y T oEMESED L, EFDIERTEL
D3HIPR X 41, HOMO-LUMO T4 v ¥ —Z DK 234 U % & # 2 &4 5 (Figure 1-21, Table 1-
9). MAT, EHILEMDIRAM#HEE T 5 7201C Clog P % ALOGPS 2.1 ¥ A7 L 5 %
HOTERELZ, #RELT, AFARDOEANICL S Clog P H~DFEIZIZLALRD L
N o=, FLonkBE XN 7 FDEAIC X % Clog PIEDTEAE K T 25320 b h,
BAOP-21 % [ < ffi{b &1 BAOP-16 & ik L CKAE % 7R L 7z(Table 1-9). Z o OF5HE
X0, H7ZICHEE L 72 bAYIE BAOP-16 & IR L C, BERHEHA X =V v 7~ SRR
Wz enTHIN,
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BAOP-16 BAOP-18 BAOP-19 BAOP-20

. 0w By S
LUMO ! 'q ) ’. \'t?q(.
‘.‘. - ) "*d
2 ‘a.“ ..o-
43.-.1‘ JJ',.“’ ‘d.‘}"'
» » '
q‘ﬂ"‘ “‘;‘ "‘ ;‘J ._'-“‘ -i‘ i
p T, FC R A
4 WP % )
HOMO R SN ‘S § @ . s @
A r_3 i &
[~ ¢ =2 I 4
o? 9! 95, e
» » g
A 8Ty R #_4
Side view ;faﬁagﬁaﬁ*f%» Pee 3&9 .*\'?J#H gt |
BAOP-21 BAOP-22 BAOP-23 BAOP-24
:"‘J ;i. "' p*“ ;‘qg ﬂ‘- ?‘ .
o 3 'Q % 9 ?‘ B + %‘
. .‘ ‘..lid @ o | ot
o e e e
R P A e
; ¥ “‘ ;o* Y 5-" i <
-'.f:f‘ i 'f‘-?‘ i 4 b‘,‘u‘ *‘:“ o ,:'" 1Y T j-?
HOMO -t‘:*% 't‘-'f, % 3 @ ‘il."
- 'f ‘g" b
f' J gl

3 . 4-' [ ] P
), o a
Side view gqma&@ W ; 1 ;qr;:.‘%,’-?,

Figure 1-21. Optimized structures and frontier orbitals of candidates calculated by density functional

theory (DFT). Calculations were performed at the B3LYP/6-31+G(d,p) level. ¢ and ¢» were specified
in the side view of BAOP-16.
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Table 1-9. Data of DFT Calculations® and Clog P-values

HOMO LUMO Energy 01’ 02" Clog P
Compounds (eV) (ev) Gap (ev)
BAOP-16 —4.99 -2.78 222 42.4 43.1 4.87
BAOP-18 -5.01 —2.87 2.14 354 -36.0 431
BAOP-19 -5.20 -3.03 2.17 43.2 43.8 3.97
BAOP-20 -5.22 -3.11 2.10 -36.0 =357 3.51
BAOP-21 —4.96 —2.68 2.28 —61.6 63.7 5.04
BAOP-22 -5.03 —2.80 2.23 70.3 -56.0 4.43
BAOP-23 =5.17 —2.94 2.23 62.6 —63.9 4.01
BAOP-24 -5.22 -3.06 2.16 -56.8 68.0 3.42

“DFT calculations were performed at the B3LYP/6-31+G(d,p) level.
b1 and ¢, stand for torsion angles between the plane of central chromophore and aromatic rings at
the 1 or 7-position, and their positions are specified in Figure 1-21.
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AR

%5 1 fii & [FFRIC BODIPY ‘B % A L 7%, BODIPY & N-A F L -N-2-t FrF L TF
NY4-T 27 RV XT AT b FEEE L L7 Knoevenagel ffir %1795 2 & THKL &
(Scheme 1-4). 5 {L&YI(BAOP-18, BAOP-19, BAOP-20, BAOP-23, BAOP-24) 13143 2N ¥ X
DHIE % 2 & A TE A, BAOP-21 3 X U8 BAOP-22 1T D\~ T 3 4yl 2 PRIt 7o il A )

G ELCREZE 2D, FHliZIT) 72D ERINES L OMETHL LR TE b o
72, RPERMEE W FEEIC 5T, BAOP-21 ¥ X UF BAOP-22 3 Z N Z O RILED)
(BAOP-16 & X U BAOP-18) & IR L CHEL L, BAErEwEfEI N » b
(Table 1-9), AERHENA 2 =2 v 7~ IGHAMIT IR & # 2, DIBEOFHINIC 3 1 2 %
L&D LRI L 7=,

R R

NO.
2 /! NH c A d
e, bk — - \ —_—
/\/lK /L/U\ N. N\
1 (R = Phe) 3 (R =Phe) 5 (R =Phe) 7 (R = Phe)
2 (R = thiophene) 4 (R = thiophene) 6 (R = thiophene) 8 (R = thiophene)

BAOP-16 (9, R = Phe)
BAOP-18 (10, R = thiophene)

R R
= \

\N

11 (R = Phe)
12 (R = thiophene)

BAOP-19 (13, R = Phe)
BAOP-20 (14, R = thiophene)

R R
f e X d
- . - - y ——— =
\N N\ N\ N.- e NS
o ne e

15 (R = Phe) 17 (R = Phe)
16 (R = thiophene) 18 (R = thiophene)

BAOP-23 (19, R = Phe)
BAOP-24 (20, R = thiophene)

Scheme 1-4. Synthetic route of BAOP-18, BAOP-19, BAOP-20, BAOP-23, and BAOP-24“.
“Reagents: (a) nitromethane, DBU, DCM, 0°C, 3 h; (b) morpholine, NH4OAc, S, 80°C, 0.5 or 1.5 h;
(c) 1. triethyl orthoformate, POCl3;, DCM, tt, 3 h; 2. BF3*OEt, EgN, rt, 2 h; (d) N-methyl-N-(2-
hydroxyethyl)-4-amino benzaldehyde, piperidine, AcOH, toluene, 80 or 110°C; (e) SnCls, TMSCN,
DCM, 1t 1545 min; (f) 1. acetyl chloride, DCM, rt, overnight; 2. BF3*OEt, EtsN, rt, 2 h.
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SEVER SRR O B

7 ma kL AHIC BT BB ER R R FHE L 72, S AL TIIRER I, wIid
BAOP-16 DR X U RIERHEIRICEE® b, BAOP-23 R < 4 (L&Y D KBIGHE
D WTRE RN ICEE® bz, 280K ERICD W TS, BAOP-16 X U KR
ICF® b 172 (Table 1-10, Figure 1-22a). Z OfiR A 5, k&M & RIKR S T 0
WA A=V I ~DIGHDARETH 5 Z LIRSz, £, WTFhotAWIconTY
BAOP-16 L HHELTA P —2 A 7 b DOWABED LN &5 5, L EELEIC X
5T —F 7727 FIMEME N, HHA A=Y v BT DY 7 F I/ 4 X(signal/noise; S/N)
adET 2 & 2005, 251, WTILOLAYICOWTD BAOP-16 & [FIERIC RiF7x
ENEARE S X OCHOEE FINER DD 5 1172 (Table 1-10). 2T, % 60 MRS L 7=
%Iz, FHMIMLAEYOHNZRE L2 5, WTFROLEWITO TS RIBHETD 80%LL
FOMETHNZRLZZ LD, mOEREEIRE X N7z (Figure 1-22b).

Table 1-10. Photophysical Properties of Candidates”

Compounds Aabs (nm) Aem (nm) A\ (nm) e (Mem™) ¢°
BAOP-16 638°¢ 704¢ 66 9.6 x 10* 0.22¢
BAOP-18 659 740 81 7.9 x 10* 0.21
BAOP-19 663 740 77 8.1 x 10* 0.21
BAOP-20 686 768 82 8.9 x 10* 0.12
BAOP-23 636 724 88 5.5 x10* 0.25
BAOP-24 658 755 97 6.9 x 10* 0.21

“These data were measured in chloroform.
b¢ were determined versus that of BAP-2 in chloroform?2®.
“This value was demonstrated in Section 1-1.
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Figure 1-22. Photophysical properties of candidates. (a) Absorption and emission spectra of
candidates in chloroform. (b) Fluorescence intensity of candidates measured at each time-point during
continuous light irradiation (n = 4).
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R PEBREE 10 3 2 RS2 o FFHAll

Fa— 2 =D T OV TL, Mtk o m BT o TN IEERAHIE X 4, TICT
I X B IERAT RIS SR S N L THNBESHE KT 2 LB O T 5 965 fhEE~
DREZEDOREH ABA ) I~ — ORI E 252 2 2 L AWHEINTE Y, KE~D
EZEDOFHIIE ARA ) I~ —%F L LzHNA A=Y v /7o —TORICE W CEE
ThorLEZOLND., 2T, MEDR % 2 B BT 2 FHli LAY O dE s % 5 L
7o WINOEY D RE ORI VENBEEOHMA R L2 e n b, pFr—X—¢
LCIRD8E S 2 & AR S 172 (Figure 1-23). 2T, FHE(LEYI DR ICx0t 3 2 S % 5T
fiis % 72 1Z, Forster-Hoffman X - ¢/(Equation 1-1)% H\»C, REERSZHARE () 2 FHHE L
72. BAOP-20 %[z %, FHli{L&YID x iEH(0.23-0.37)i% BAOP-16 (0.20) & LS L T\ Wi Z2 7R
L7z, ZOfER XY, BAOP-20 %R < FHifif.&4971% BAOP-16 & Ml U CREEE R Z M A3
TERENS. EOI, FHILEYDO xEIZT Iu A FA) I —icxf LCHEE LR R
THER D #6571 D x fH(AggFluor P1: 0.28%°, RBF P1b: 0.328%) & RIfEECTH 5 —J7, 7 I v A
N7 4 7 U VBRI 7R #6531 D x fE(ThT: 0.79%, AggFluor P18: 0.68%) & » H{KfETH - 7=
T ehn, BEHLEORERZET ABA Y o~ — OB L - HPFANICH 5 2 & 2R
2 X #17- (Figure 1-24).
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Figure 1-23. Relationships between viscosity and fluorescent intensity of candidates. (a) BAOP-16,
(b) BAOP-18, (¢c) BAOP-19, (d) BAOP-20, (¢) BAOP-23, and (f) BAOP-24.
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Figure 1-24. The x value of candidates and dyes reported previously (1. BAOP-16; 2. BAOP-18; 3.
BAOP-19; 4. BAOP-20; 5. BAOP-23; 6. BAOP-24; 7. AggFluor P1; 8. RBF Pl1b; 9. ThT; 10.
AggFluor P18). The x values of 7 and 10 were cited from ref. 59 and those of 8 and 9 were cited from
ref. 65.
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ABTFELE T I 31 3 SR O FFll

Fen <, FHEfLAYID ABE /) ~—, ABF Y I~—, AB7 4 7 U ATFIE FIC BT % HE A
~ 7 A EGE L 72 (Figure 1-25). ApA Y o'~ —1#7E F Tlt, BAOP-20 %[ < RHfi{t &4
B U CHEE 80O E A3 0 b7z, 72 h T BAOP-24 1357 I\ a0 7. (40.7-fold) %
AL, BAOP-16 & W SEET ABA ) I~ —%MHA[HECTH 2 C LRI iz, T HIC
BAOP-23 & pffiifb &0 chliiim il R 2R L b, X FArEo BODIPY
BIED AL~DEAN ABA Y = —DBHIRE D[ LIcFH LG LT3 &% Z 545 (Figure
1-25, Table 1-11). B Tl ABA U =~ — OHNIC IR R RS W08 32 2 L 23R X
NT B —JT 596, RIfFJE Tk ABA V) o'~ — I3 L TR WK E 2 /R 9 BAOP-23 ¥ &
" BAOP-24 (%, FHfif&4) o v CEUERY s RG22 7R L 72 (Figure 1-24). & OfER
25, ARA Y IV — O EKEERIC 351 2R RS2 o BT 0 ETE 3 5 AIREME YR
X L7z (Figure 1-26). %7z, BAOP-20 IZfthDfLEPIE R ABA Y T —FF{E P ICHE T
HHLAZRI Dot CZOMBAEAEFRTL7201C, uﬁﬁﬁft/\#@@m%{gﬁf\@(ﬁﬁ#IM:
FFAffi L 72 (Figure 1-27). BAOP-20 1ZFEF ICRWAMMEZ /R L7722 &0, ABHFIETICE
2 R RHI R IC B 2 E LT\ B 2 E AR & /2. BAOP-20 (ZBEEIRREICH % &,
FEERRECACQRIE © 12 X W HtR K\, I HITIZ ABA ) I~ — DAY 4 b ~DiE
EHHIREINZE EEZOND, 2D X RBRKPEL 57290, BAOP-20 1Z ABA Y o'~ —7F
ETTHREFERS AV EEZONS, —J7T, BAOP-20 I A FLIAEAL 72{LEY
Td 5 BAOP-24 |3 BAOP-20 & XL CEIWIAMIEER R L2, THd 8 fii~D X FLEo
BAICXY 1 {_L%JZ O 70 J5 &R & BODIPY iS00 2 HiAMBEAL, HCOCEEL
flanszeicky, KRBFEFCONEIMESEAT 2720 TH B eEZLNS. T OFE
b, A T}»ﬁéd) 8 u«\@y\ FIK R IR~ DIRFRVE 2 808 L, W EfE R~ E &%
ML 28R 2 H$ 2 2 L AURE X 72 (Figure 1-27). BAOP-20 (2R3 IEH 1K <,
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EYFERER S NEECH 2 L& 2, URORHIIC I T 2 it e SBR L 7. A<,
RIpIRED ABA Y I~ —FFE M ICHE T 2FHIL A O dOCMEZHE L 72 & 25, ABA
Y o= — DR L HCRE OENICEMI SHE SO ozl b, ABFY ITv—%E
RIS 2 2 L AT E 2 A[HEMEDSR & 1172 (Figure 1-28). X 512, 3o/k KT X 0 #HIFR
FLODYER®7zL 25, WINOLEW D nM + — X —DfEi% 7R L 72(Table 1-12). 725> T
3 BAOP-24 23 b K WIRHERA(9.3 nM)Z /R L, sHi{t &Y Tl d @RI E % f
TR EN. ZoMRIE, bdo#t EREFHMIOMSRE AR LTS, T,
AB7 4 Z7INBLULABE/ v —FETT, WINDIFLALHN EAARET, AV =
~ — IR 2 ERE I TN oLAEY D BAOP-16 L [FIFLE TH - 72 (Figure 1-25, Tables 1-
11and 1-13). MR T, BSATFE T CTOHNA~T PAZHIE L& T 5, BAOP-18 ZFR<
{EEPNTOWT BSA IxT 5 ARA U o'~ —~D&ERED BAOP-16 & L LTl L33 &
& D3R X 17z (Figure 1-29, Table 1-13). L L OfER 26, FHEREFHIC X Y ARAF ) I~ — %5
M 2HNA A=Y v 7T a—T7I1CRKD 6N HNFFEDRRET 2 L AR S N,
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> 16 - > 7 1 > 7 -
B 1 2 6 2 6
o 12 4 [}
£ £ 57 £ 59
£ __10 4 =, £ 4]
835 8/ g3 83
58 g3 553+
g % g g
g a4y g 21 ¢ 21
S 2 4 S 17 —_— S 1] s~——e
Lo = = k& . . B o ——
600 700 800 650 750 850 650 750 850
Wavelength (nm) Wavelength (nm) Wavelength (nm)
(%102) BAOP-20 (x102) BAOP-23 (%102 BAOP-24
7 A 12 - 10 -
z z E
2 6 2 10 2 g
L2 5 2 2
E E 84 E_ ol
8341 83 64 83
583 58 5% 4
(5] o 4 4 o
o 9 ] o
e < g i
S 14 6 2 s 2
2 _— 2 S m——— = — i
“ 0 T | w 0 T | w 0 T ]
650 750 850 650 750 850 650 750 850
Wavelength (nm) Wavelength (nm) Wavelength (nm)
— With AB monomers — With Ap oligomers — With Ap fibrils — Without Ap species

Figure 1-25. Representative fluorescence spectra of candidates with or without A species.
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Table 1-11. Spectroscopic Data upon Binding to A species (n = 3)

With oligomers With fibrils
Compounds  Aen (nm)  AX (nm)  fold Aem (nm) AL (nm)  fold” SI?
BAOP-16 704 66 25.2 737 99 2.12 11.9
BAOP-18 718 59 22.0 757 98 2.02 10.9
BAOP-19 733 70 20.3 762 99 2.60 7.78
BAOP-20 N.D. N.D. N.D. N.D. N.D. N.D. N.D.
BAOP-23 719 83 26.6 741 105 3.44 7.74
BAOP-24 743 85 40.7 773 115 4.24 9.61

“Each value represents an increase in fluorescence intensity with protein and is expressed as fold = FI
(probe with proteins)/FI (probe).

Each value represents selectivity for AB oligomers versus Ap fibrils and is expressed as SI = FI (with
AP oligomers)/FI (with AP fibrils).

low Viscosity high

\

AB monomer Ap oligomer Ap fibril

S/N ratio Low

Low  S/N ratio High = High

Low

Lb High
Viscosity sensitivi

Low sensitivity to AR No fluorescence
oligomers due to weak intensity increase in
fluorescence intensity the presence of AR

Low sensitivity to A
oligomers due to high
background noise

High sensitivity to
ApB oligomers

oligomers
Moderate Moderate
sensitivity to sensitivity to
AB oligomers AR oligomers|

Figure 1-26. Outline of the expected relationship between viscosity sensitivity and sensitivity to A3
oligomers.
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Figure 1-27. Absorbance of candidates at different concentrations in 10% EtOH aq.. (a) Absorbance
of all candidates and (b) enlarged view of a.
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Figure 1-28. Representative data of relationships between concentrations of AP oligomers and
fluorescence intensity of candidates. (a) BAOP-16, (b) BAOP-18, (¢c) BAOP-19, (d) BAOP-23, and
(e) BAOP-24.
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Table 1-12. Limit of Detection (LOD) of Candidates for A Oligomers (n = 3).

Compounds LOD* (nM)
BAOP-16 25.2(1.12)
BAOP-18 33.1(7.15)
BAOP-19 31.9 (16.8)
BAOP-23 37.7 (5.02)
BAOP-24 9.32 (3.75)

“The data are expressed as mean (S.D.).
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Figure 1-29. Fluorescence spectra of candidates in the presence of AP oligomers or BSA. (a) BAOP-
16, (b) BAOP-18, (c) BAOP-19, (d) BAOP-20, (¢) BAOP-23, and (f) BAOP-24.
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Table 1-13. Spectroscopic Data upon Binding to A monomers or BSA (n = 3).

With AP monomers With BSA
Compounds fold“ SI? fold“ SI¢
BAOP-16 1.99 12.7 5.09 4.96
BAOP-18 1.10 20.0 3.79 5.81
BAOP-19 2.46 8.23 2.61 7.78
BAOP-20 N.D. N.D. N.D. N.D.
BAOP-23 2.03 13.1 2.53 10.5
BAOP-24 3.38 12.1 4.35 9.36

“Each value represents an increase in fluorescence intensity with protein and is expressed as fold =
FI (probe with proteins)/FI (probe).

PEach value represents selectivity for Ap oligomers versus A fibrils and is expressed as SI = FI (with
AB monomers)/FI (with A fibrils).

“Each value represents selectivity for AP oligomers versus A fibrils and is expressed as SI = FI (with
BSA)/FI (with A fibrils).

ABITRT 3 2 A B o il

EAMMERIC XY, FHOLEYD ABF ) I~—FBX W AB7 4 7Y Mtk 2 A5EH
HI: % 3K 8 72 (Figure 1-30a, Table 1-14). i &Y D ABA Y =~ —1ZxF 2 KafliZ\vd
nd BAOP-16 L [AIREDETH v, AR OMEERICE T ApF ) I~ —~DFiAH
FMEDHERF SN LR E Nz, AB7 4 7V MiTxTd 2 Ky fHICDWTld, BAOP-19 2°
BAOP-16 & [MIfEE D%/~ L 7=—77, BAOP-18 ¥ X UF BAOP-23 I3 BAOP-16 & [Li#k L TH)
2 f%, BAOP-24 13#) 6 f5K & 7xfi % /R L 7z(Table 1-14). ZOFEHE» S, > 7/ HoE AN
AB7 4 7V NIRRT 2REEHAMEICIZE A LHE L5 2 w—T, FZ=AEBIUOX
FNHEDEANIT ABA Y I~ — I T 2 HEABAIEZ R LoD, AB7 4 7V ik 3 5§
B RIR ST 2 2 L ARB S Wiz, BT, LAY omisirE 2 Hid 2 2 LT, Ap
7 ATV T B ARA Y T —~DFFEERMEA A LT 5 Z LRI NT WS 7 L
7200 T, AFRICENTHF Lo AFDEAIC X 350 F OB DOZ A ABA Y o<
—~ DR EEREDF EICHF G LCw 3[R H 5 L E 2 oD, 7z, BHics T,
ABA Y I —IFAERIC AB7 4 7V NV EHIRL CRERMEERT v P2 HT 5 &AW
T3 8 —%, Fikod DFT 5% Tid BODIPY B D 8 fii~D X FAEDEAIC L b,
SO EED Z WA KT 5 & 2R X L7z (Figure 1-21, Table 1-9). T H D
MAZEEZ 2L, XFAVEOEANIC L 201D Z Wi/TR~Dh X 5 DR, AB7 4
TV NHNEO/NS GG T v b~DBGE 2 F7-—F, ARA ) I~ —HNEOfEAEKRT v
FNDOELEICIIEE L o722 T, ARPF Y I —~DEEERERM E L2 EZD
L % (BAOP-16: K, ratio = 0.464, BAOP-24: K4 ratio = 2.17) (Figure 1-30b).
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Figure 1-30. Evaluation of binding mode to AP species. (a) Representative saturation binding curves
of candidates with A3 oligomers or A fibrils. The data of BAOP-16 were obtained from Section 1-1.
(b) Side view of candidates and outline of the expected mechanism of improvement in binding
selectivity by methyl-substitution.

Table 1-14. K4 Values with AP Oligomers and A Fibrils® (n = 3)

Compounds AP oligomers (nM) AP fibrils (nM) K ratio®
BAOP-16 34.3 (3.47) 15.9 (1.80)° 0.464
BAOP-18 33.0 (11.0) 32.3(0.601) 0.979
BAOP-19 27.6 (2.82) 12.5 (4.58) 0.453
BAOP-23 35.5(6.32) 32.4 (8.22) 0.913
BAOP-24 41.2 (5.11) 89.6 (13.2) 2.17

“Represented as mean (S.D.).
PRepresented as (K4 with AP fibrils)/(Kq with AP oligomers).
‘Demonstrated in Section 1-1.
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ABEEEARN DR G Y A b O FHT

ABA Y Iv—B XU AB7 4 7V VNDOFHI{L AV OREE D A + OERFEZHEN T 2 720,
PR 6263 % 2275 1C Ooshika-Lippert-Mataga (OLM)Z{ ©-7!(Equation 1-2) % JGH L C, #{L&Y
DG A P OMEEREIE L2, £3 FHE%1T) L oRERBERERES S 2o, ik
DRI 2B OTEBRAIC BT WAL - HA AT P AFRE L 72, BEOMRERZILTH
N R IZ & A Y2 7 b L7\ (Figure 1-31, Tables 1-15-1-19)—77, &0 MDA 12
PV R 2N BEE I RIE R~ 7 b 3 % 72 ® (Figure 1-32, Tables 1-15-1-19), A
BERQem)& A b —27 227 b (AVND BN EARR 2 HHBARIR 2358 b 4172 (Figure 1-33). & @
EREAE T 2, OLM R &2 L T8 72 (Equation 1-3) % W CEIHHE 21T 72 & & 5, K
PR DI (1 hem) & ZHL L L CHEEEFK (20) B L WEITE () % & T IH O I ERY 724
BHBE(R 23588 & 7= (Figure 1-34). L 2> L, ABBEERNOIEEY 4 F DJEITRE Rk 52 &
X TERhnzY, XML 72X (Equation 1-4)ZH W CETEHEZITo72 L T 5, RAHE
PR DB hem) & I E L THEAEEHK (e0)D & % & T TH I TEART 2 AHBERI (R 25580 &
L7z (Figure 1-35). Z OfEHE A 5, Equation 1-4 % F\ T, ABHE A KD 9% K (Table 1-11)
BIICABA ) I~ —B XUV ABT 4 7Y LHNDFEEY A b DILFHEER % K 72(Table 1-20).
ETOEYICEL T, ABA ) I~ —HNOKEEY A4 P OIEEEEIT AT 4+ 7V VNOFES
A FOHFERLER L TNI W Lh b, ABAY I~ —HNDOFEED A M IZBUKEDE
WIRETHh B EEZONS. 72, ABF Y I~v—HNOAY L FOHFERICEL T,
BAOP-18, BAOP-19, BAOP-23, BAOP-24 D ffilZ BAOP-16 O & L L T/NE W &b,
EAEBAMEICIZEEAETHE LRV 00, FHEREFICK D ABA Y o'~ — I3 5 Akt
DEALT 52 L BRBENTZ. —T7, AB7 4 7V ANOFEAEY A F OFEERICBE LT,
BAOP-18, BAOP-19, BAOP-23, BAOP-24 D ffilZ BAOP-16 O & i L T/hNE W L b,
MEREMICE Y AB7 4 7Y MIT T 2GRS 5 2 LRI ns. 72, Kifr
B2 LB = L S (BAOP-16, BAOP-19) & FLiiE LT, #EABURIME A LB L&
Y)(BAOP-18, BAOP-23, BAOP-24)2* AB7 4 7 U VN DBKIED E W A kA3 5 A
D3RO LTz (Table 1-20). L 72235 T, HEREFICK 2 AB7 4 7Y Vit T 245634 b
DZALD ARA Y = — I T 2 A EEIRME DA LIS LT 5 A[REtED R S Tz,
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Figure 1-31. Absorption spectra of candidates in various solvents. (a) BAOP-16, (b) BAOP-18, (c)
BAOP-19, (d) BAOP-23, and (¢) BAOP-24.
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Figure 1-32. fluorescence spectra of candidates in various solvents. (a) BAOP-16, (b) BAOP-18, (c)
BAOP-19, (d) BAOP-23, and (¢) BAOP-24.
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Table 1-15. Maximum Absorption and Emission Wavelengths of BAOP-16 in Various Solvents.

Solvents €0° n‘ Aabs (NM) Aem (NM) Al (nm)
n-Hexane 1.89 1.375 634 679 45
p-Xylene 2.27 1.495 642 688 46
Toluene 2.4 1.496 644 699 55
Ethyl acetate 6.02 1.372 636 735 99
Dichloromethane 9.08 1.424 639 743 104
1-Butanol 17.80 1.399 639 740 101
2-Propanol 18.3 1.377 636 743 107
Ethanol 24.55 1.363 641 754 113

“These data were obtained from Sigma-Aldrich Solvent Center.

Table 1-16. Maximum Absorption and Emission Wavelengths of BAOP-18 in Various Solvents.

Solvents €o” n¢ Aabs (NM) Aem (NM) A\ (nm)
n-Hexane 1.89 1.375 655 711 56
p-Xylene 2.27 1.495 665 716 51
Toluene 2.4 1.496 644 699 55
Ethyl acetate 6.02 1.372 659 773 114
Dichloromethane 9.08 1.424 660 770 110
1-Butanol 17.80 1.399 662 772 110
2-Propanol 18.3 1.377 660 773 113
Ethanol 24.55 1.363 659 803 144

“These data were obtained from Sigma-Aldrich Solvent Center.

Table 1-17. Maximum Absorption and Emission Wavelengths of BAOP-19 in Various Solvents.

Solvents €o” n‘ Aabs (NM) Aem (NM) Al (nm)
n-Hexane 1.89 1.375 N.D. N.D.} N.D.?

p-Xylene 2.27 1.495 673 728 55
Toluene 2.4 1.496 673 727 54
Ethyl acetate 6.02 1.372 664 779 115
Dichloromethane 9.08 1.424 662 766 104
1-Butanol 17.80 1.399 671 773 102
2-Propanol 18.3 1.377 668 773 105
Ethanol 24.55 1.363 667 787 120

“These data were obtained from Sigma-Aldrich Solvent Center.
bSpectral data of BAOP-19 could not be obtained due to its low solubility in n-hexane.
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Table 1-18. Maximum Absorption and Emission Wavelengths of BAOP-23 in Various Solvents.

Solvents €0° n® Aabs (NM) Aem (NM) Al (nm)
n-Hexane 1.89 1.375 638 715 77
p-Xylene 2.27 1.495 651 716 65
Toluene 2.4 1.496 653 724 71
Ethyl acetate 6.02 1.372 642 766 124
Dichloromethane 9.08 1.424 639 752 113
1-Butanol 17.80 1.399 648 762 114
2-Propanol 18.3 1.377 645 765 120
Ethanol 24.55 1.363 667 787 120

“These data were obtained from Sigma-Aldrich Solvent Center.

Table 1-19. Maximum Absorption and Emission Wavelengths of BAOP-24 in Various Solvents.

Solvents €o” n‘ Aabs (NmM) Aem (NM) A\ (nm)
n-Hexane 1.89 1.375 660 744 84
p-Xylene 2.27 1.495 669 743 74

Toluene 2.4 1.496 668 742 74

Ethyl acetate 6.02 1.372 659 797 138
Dichloromethane 9.08 1.424 655 779 124

1-Butanol 17.80 1.399 665 785 120
2-Propanol 18.3 1.377 662 788 126

Ethanol 24.55 1.363 661 808 147

“These data were obtained from Sigma-Aldrich Solvent Center.
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Figure 1-33. Relationships between maximum emission wavelengths (Aem) and Stokes shifts (AL). (a)
BAOP-16, (b) BAOP-18, (c) BAOP-19, (d) BAOP-23, and (¢) BAOP-24.

73



(a) (b)

1.5 - 1.5 -
2 ; R? =0.9187 2 R? = 0.9184
- . T N — 1.4 - L
* 1.4 . x s .
E T, £ R
&5 o $£1.3 T oe
= L = )
1.3 ——— —— 1.2 —
-0.05 0 0.05 0.1 0.15 0.2 0.25 0.3 -0.05 0 0.05 0.1 0.15 0.2 0.25 0.3
(go- N(2ey+ 1) - (M- 1)/(2r7 + 1) (£o- N(2ey+ 1) - (M- 1)I(2r2 + 1)
(c) (d)
1.4 - 1.5 -
- » 2 = -
2136 { .. | R-084 3 R? = 0.8702
- o — 1.4 e .
XE 1.32 1 H-“""--.q ){E ------------------ -
g ’ Ty @ - . By
= 1.28 | . TR < 13 .
1.24 T T T T T T 1 1.2 T T T T T T 1
-0.05 0 0.05 0.1 0.15 0.2 0.25 0.3 0.05 0 0.05 0.1 0.15 0.2 0.25 0.3
(g - /(224 + 1) - (M- 1)/(2r7 + 1) (g5~ /(285 + 1) - (M- D27 + 1)
(e)
1.4 -
= ..
139 e
5 R? = 0.9023 R
1.2 T T T T T T 1

-0.05 0 0.05 0.1 015 0.2 0.25 0.3
(g~ NN(2gy+ 1) - (- D22+ 1)

Figure 1-34. Relationships between 1/Aem versus the relative static permittivity (go) and reflective
index (n). (a) BAOP-16, (b) BAOP-18, (c) BAOP-19, (d) BAOP-23, and (¢) BAOP-24.
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Figure 1-35. Relationships between 1/ler versus the relative static permittivity (go). (a) BAOP-16, (b)
BAOP-18, (c) BAOP-19, (d) BAOP-23, and (¢) BAOP-24.

Table 1-20. The Estimated Relative Static Permittivity of Binding Sites in AP Oligomers or AP Fibrils.

Relative static permittivity (o)

Compounds Oligomer Fibril
BAOP-16 3.10 9.65
BAOP-18 2.20 5.39
BAOP-19 2.60 6.45
BAOP-23 2.27 432
BAOP-24 2.01 5.43
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BAOP-24 @ EWat B~ D G 1 D Gl

INFECTOFHEICIHENT ABA ) = —fERENA A -V v 77T u—7 L LTROENT
ME %R L7z BAOP-24 122 W, EVEARI~DSHMEZEHE L 7. IMNERBEICE VT AB
AV I —%HHT IR TEE0EIeiHiiT 2720, MtEyr—1F2Hwiz7
TYPLMAR=Y VT RIToT. ABEF Y I~ —FHENTIE, AB7 4 77U MEEE T B L AP
IEFAET LKL C, ARICEVHNEY Z7FARRO b7z &5, BAOP-24 1JiMNER
BICBWTARA Y I~ — 2 EINHICKRINATRE T H 5 T & 23R X 117z (Figure 1-36). #it\ > T,
BAOP-24 BMHNICERE L7z ABA YV I~v—%ii 3228 TE 2089 22l s 5 72
%, APPNE-GENLGF < v7 2 o R U - % F o 72 SO (b X OV iRk L 2 et 2 17 - 7=
BAOP-24 IC X 2 77 — 7RO BB L EBIZL X, 6E10 Filk & DJGTED—E AR b 4L
7z (Figure 1-37a,d). Z D#EHE X 0, BAOP-24 (I~ 7 A ICH W T ApZFFEMICH G T 5
T PRBE Nz, 72 BAOP-24 & ThS Ot % ik L 72& 2 A, ThS 377 — 27 O
DGR Gt L 72— C, BAOP-24 (ZJEAERAL % i < Yeft L 7z (Figure 1-37a—c). Z OfEH
XY BAOP-24 377 — 7 DHDICIHELT WS A7 4 7Y A ERIGEAERGB LR N L
DRI NI, T HIT, BAOP-24 TR L 22 MAHYI Fic2w»T, OMAB Jifkz Hv 729
JEHOEY b 2 EHi L 72 & & 5, BAOP-24 & OMAB JUADICRTED —BA D bz 2 &
75, BAOP-24 3=V AMAND ARA Y I~ —%Yetad 5 Z & HURKE X 1172 (Figure 1-37e—
). LI EDHEE X ) BAOP-24 75 APPNL-GFNLGF < w7 2 N D ABA I o'~ — % & R I i
TR TEDAREED RSN,

(@) Wwith With  Without (b) (x10%) o “p < 0.01
oligomers fibrils AB g | —
. =’ N. S.
1.2 r—

3.0 25 20 1.5 1.0
Radiant Efficiency (% 107)
[(p/seclcm?/sr)/(uWicm?2)]

Radiant Efficiency
[(p/secicm?/sr)/(uWicm?

e o900
o N O 0 =
—

With With  Without
oligomers fibrils AB

Figure 1-36. The results of brain phantom imaging using BAOP-24. (a) Representative fluorescent
images and (b) quantitative analysis (n = 5) of a phantom imaging assay using BAOP-24. Statistical
analysis was performed with one-way ANOVA and post-hoc Bonferroni’s test.

76



(a) BAOP-24 () Merged 6E10

- - - .

(9) Merged

(e) BAOP-24 OMAB

Figure 1-37. Images of in vitro staining: (a and e) stained with BAOP-24; (b) stained with ThS; (c)
merged image of a and b; (d) labeled with 6E10 antibody; (f) labeled with OMAB antibody; (g) merged
image of e and f. Scale bar: 50 um.

APPNL-GFNLGF < vy 2 2 F L 7= ARARH A A= v 7

BAOP-24 DR~ DICH I HEME % G 3 % 720, MTT 7 v & 4 % v CHllia st % SEf
L7-. Z DR, 10uM £ TOREHFHIC 3\ CHEE 2 Mladr: 13580 59, BAOP-24 (X
KEMETH % 2 & 2R X Nz (Figure 1-38). % 2T, BAOP-24 % W THAMRHEEA A = v
7' %47 - 7= (Figure 1-39). ~ 7 ZADREFHIKL U BAOP-24 %% 5 L, FREFYIC~ v RTHEHD
HHHRZ IS L 728 25, APPNVGINLGF < v 2 ik, [EHF~v X&KL CTHEEICEH W
WA 7 F VDO O L7z (Figure 1-39). X 51C, BAOP-24 53 APPNL-GFNLGF < v 2 N
ABA Y T — TG LTV 08 RS 2720, HEEEA X -V v 7iRic, =V
2 DA 2 (ER L, SOCBAMEE CBIZE L 72 (Figure 1-40). 1EH~ 7 X@Hxﬁéﬂ-ﬁtﬂ}#f«
I3 BAOP-24 DIGMEIRALIZIZ & A K380 bivia\vv—T7, APPNVGFINLGF < v 2 o gk
Tl %D BAOP-24 [GIHERAL 235729 & 31 7= (Figure 1-40a, b). #1514, APPNL-GFNLGF < vy
2 D AR Y] B icBE L <, 6E10 Fifk s X U8 OMAB $iik % F w72 )il o 2 L L 7z &
Z 5, BAOP-24 & 2 NZ NLOHUR DRI JHTED —E D7D ant(mgurel -40c—f). AT,
ThS % F 7z #E9Cld, BAOP-24 28 ThS X 0 & JL#EHIPHICHE A LT 2Kk 23 &
7-(Figure 1-40g, h). L5 DfEE 2> 5 BAOP-24 3 APPNU-OFNLGF < %7 2 D N ~F41T L,
ABFY T —ICHEAT B S L BRBE NI
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Figure 1-38. Results of the MTT assay using PC12 cells for evaluating the cytotoxicity of BAOP-24
(n=Y5).

a b, *
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Figure 1-39. The results of in vivo fluorescence imaging studies. (a) Fluorescence images of APPN--
G-FNL-G-F and WT mice after intravenous injection of BAOP-24 (Aex: 675 nm, Aem: 740 nm) and (b)
quantitative analysis of fluorescent signals from their brains at each time-point (n = 4, respectively).
Statistical analysis was performed using unpaired Student’s t-test.
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Figure 1-40. Images of ex vivo observation studies using BAOP-24. (a, ¢, e, and g) brain section from
the APPNL-G-FNL-G-F moyse; (b) brain section from the WT mouse; (d) same area as ¢ labeled with 6E10
antibody; (f) same area as e labeled with OMAB antibody; (h) same area as g stained using ThS. Scale
bar: 500 um (a and b) and 100 um (c—h).
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1.2.3 /N &

AREITIX, 18 TRE L 72 BAOP-16 DERE A A =2 v 7~ JCHtEDH ExE HEY
& LT, 3 0DKEHRIZICIE VISR Z 1TV, SO {taMicBE LT, ABA Y o~ —#H
WHEHA A= v 7 7e =7, LCOFHiiZiTo> 2 &1Ick b, UTOHIRZE7.

(1) F7= B L 72 S LAY\ T, BAOP-16 & Fblg L CURIY - b6 R A3 R R i
D bz,

(2) BAOP-24 ® ABA Y I'= —Ihi 4 2R HEEL (X BAOP-16 & Ei L CHAE IS\ 2 & 23
NI,

B) FonAEBIUAFAEEDEAICL S ARA Y I~ — Tkt 2 kAR o H B2
Do, 725 ThH BAOP-24 258 b i\ APA ) o< — x4 B A& IREZ R L 7=,

(4) APPNLGHNLGF < v7 2 kb - % O 72 S B IS 5\ T, BAOP-24 (3 APPNL-GFNLGF
<V ADMNICHIET 5 ABA Y I — % EIRNNIC BT 2 2 L 2R I N7,

(5) BAOP-24 1T X B (R HHA A=Y v 7R Efi L /=& & 5, APPNVGFINLGF <7 2 o SR
CEWT, EFE~7REHIRLT, Bty 7P 0338o bz,

(6) Exvivo iHlliC 31 >T, BAOP-24 78 APPNL-GFINLGF < v Z DN D ApA ) == — ichEA
LT3 T ERRBEINT.

LAED#ER X D, BAOP-24 28 ARA Y I~ —DEEKHNA A=Y v i CHRAKEOE
WHHNA A=V v 7T e =T CTh B[RRI N, AT, REICERHAL 72 3 DDE
RS DS APA Y I~ —RIER L T EHNA A =L v ST —TORBICETHHATH S C
& DR X A7z (Figure 1-41).

Methyl substitution

. Increasing the sensitivity
¥ Elongating wavelengths for AB oligomers
¥ Improving the binding

Improving solubility
selectivity for Ap oligomers

Cyano substitution selectivity for Ap oligomers

v" Elongating wavelengths

¥ Reducing the lipophilicity
efficiently

1
1
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Figure 1-41. Summary of insights from Section 1-2.
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B2E

RNRAFT v ACBT S AR Y I~—0FRWKIEEZAREL T 5
WHA AP v T — TR

TR
NAFT v A4 ICBENT, ABREROMBICIZHEN T —7 & LT ThT A< v bR
Tw3. LA L, ThT BREMNED AB7 4 7Y Akt LT IBE$ 2% 4 —J5C, ARF Y =

~—DFELZFET 2L INHETHZ. 2D, AT ) I~ — % @RIk lEE 7
W71 — T DORAF T AD DIRREMRIIC B T 2 EHEAFETH 5. 1 3T SAR BfFEic X
D FLHI L 72 BAOP-16 1%, ARA U I~ —f7fE F CEIRN A HOE B A 2R L 7. L 2> L, BAOP-
6 \ZHRIAME & 57 O FH D E 72 o KEMEME K, BRI~ IEH T 2 i ERIEE D
BMBREE T2 5. —F7, @fleT 27 — ViRt ABA ) I~ —DBRIGEE Y52 5 C
EDRBEINTEY 2, T 0 - TRAEM S 5720 OFRERIERIMIEANAFT v 241
BIF2 ALY I~ —DWHEHFMICEE L AR Z D 0 T AgE 2 H 5. £ 2 TRE
TlE, KEMER E% B & LT BAOP-16 IS /KIEMEERIL 28 A L 72L& 2 iGt- AR L,
NAFT v A ICBTHM R ABA Y T~ —ENE 7o — 7 & LTHREST 20289 2o %
L 7=,
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2.1. EBHE
A - B

B R URE B A L 7z, BE O TS — v T 4 v 2 2R A48 HIMAC
CSI120GXII % v 7z, FHR A (circular dichroism; CD) A~ 27 + A DHITE I 1% H A ek
R P e RE 1-820 & v 7z, SRR IC ISty — o v 284 — 1 4
V7 v BEMER BZ-X800 % 7z,

5y
F1ELFBICLT, A - FE L.

I~
5,5-Difluoro-3,7-dimethyl-1,9-diphenyl-5H-4A* 5A*-dipyrrolo[ 1,2-¢:2',1'-][1,3,2]diazaborinine

MFHE 1= B 1 HEEKITLTHBL . 2-(2-Fluoropyridin-1-ium-1-yl)-1,1-

bis((trifluoromethyl)sulfonyl)ethan-1-ide (2)IZBEHRICHEVERL L 72 7.

Methyl 4-(methyl(phenyl)amino)butanoate (3)

7K MeCN (15 mL)IC N-AF 7 =Y »(2.16 mL, 20.0 mmol), 4-7 1 ElZE A F1(3.20
mL, 25.5 mmol), EtN (3.36 mL, 24.0 mmol)%Z Mz, T\ I v #AFEFKT, 82°C THAINEL
B L 72, BOGBTET L1, ® 74 P 2iaaftv, AREZMEEEL. WEEx VA7
Nrua= 277 4 =T F/~FH =955 THE L CTHIY 3 ZILE 2.63 g (64%)
TfF72. 'HNMR (500 MHz, CDCl3) 8 7.13-7.09 (m, 2H), 6.61-6.56 (m, 3H), 3.54 (s, 3H), 3.23 (t,
J=17.45Hz, 2H), 2.79 (s, 3H), 2.23 (t, J = 7.45 Hz, 2H), 1.79 (quin, J = 7.45 Hz, 2H). MS (ESI) m/z
208.0 [M + HJ*.

Methyl 6-(methyl(phenyl)amino)hexanoate (4)

LEY 3 LR EBGEIC LY, 6-7uaE~FH VAT ALS, HIUY 4 ZINE 331 g
(70%)TfF72. H NMR (500 MHz, CDCl3) § 7.27-7.24 (m, 2H), 6.73-6.70 (m, 3H), 3.68 (s, 1H),
3.32 (t,J = 7.45 Hz, 2H), 2.93 (s, 3H), 2.34 (t, J = 7.45 Hz, 2H), 1.69 (quin, J = 7.45 Hz, 2H), 1.61
(quin, J = 7.45 Hz, 2H), 1.40—1.34 (m, 2H). MS (ESI) m/z 236.1 [M + H]".

Methyl 4-((4-formylphenyl)(methyl)amino)butanoate (5)

7Kk DCM I L & 278 U v(3.5 mL, 37.5 mmol)F X O #E7K DMF (8.7 mL, 113 mmol)% 7
LT HAFERAT, 0°CTHA, Z#T 20 L 7. /L&Y 3 (1.55 g, 7.5 mmol) % 4
LAz, TAa vy HAFERRT, BROEREREL 2. KICD5E T Ltk Kiglk
F b U Y LOKERE 0°CTIHRMT 2 2 &ic kY, KICREFIEL 7. Bifg— 5 v ciliit L 7214,
GHEZES ) o Tk L, WIREZMEREE Lz, Bz VAT v sa~< 7o
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A4 —(BERE = F v/~ % 3 v=25/75)CTHRE L CHIY 5 % L& 954 mg (54%) Tf%7-. 'HNMR
(500 MHz, CDCl3) & 9.45 (s, 1H), 7.44 (d, J = 8.59 Hz, 2H), 6.46 (d, J = 8.59 Hz, 2H), 3.41 (s, 3H),
3.19 (t, J = 7.46 Hz, 2H), 2.76 (s, 3H), 2.11 (t, J = 7.46 Hz, 2H), 1.66 (quin, J = 7.46 Hz, 2H). MS
(ESI) m/z 236.0 [M + H]".

Methyl 6-((4-formylphenyl)(methyl)amino)hexanoate (6)

L&y s LROEREIC LY, LAY 425, HEIY 6 ZINE 627 mg (32%) TiH7~.
'"H NMR (500 MHz, CDCls) 8 9.44 (s, 1H), 7.43 (d, J = 8.59 Hz, 2H), 6.40 (d, J = 8.59 Hz, 2H), 3.39
(s, 3H), 3.12 (t, J = 7.45 Hz, 2H), 2.75 (s, 3H), 2.05 (t, J = 7.45 Hz, 2H), 1.43-1.32 (m, 4H), 1.10
(quin, J = 7.45 Hz, 2H). HRMS (ESI-TOF) m/z calcd for [C1sH22NOs]", 264.1594, found 264.1594
[M+H]".

4-((4-Formylphenyl)(methyl)amino)butanoic acid (7)

L&Y 5 (600 mg, 2.6 mmol)F X T8 5 N KL A U 7 LOKEEH6 mL)% A X 7 — (10 mL)IC
Mz, 2T SRR L 72, RIGASTE T L7k, BEEE— F oot L, KiEic 6 N g%
pH1 LANICZ: 2 £ THML 72, BEEE = 5 LT L 72 1%, BFE 2 ) v LTk L,
B AITE L L, RiEE Y VATV sa~ 97 4 —(7aad v L/ XX ) —11=100:0
to 95:5 for 30 min) THEHL L CTHAY) 7 % IE 292 mg (52%) Tf57=. 'H NMR (500 MHz, CDCL)
89.68 (s, 1H), 7.70 (d, J = 8.59 Hz, 2H), 6.70 (d, J = 8.59 Hz, 2H), 3.47 (t, J = 7.45 Hz, 2H), 3.04 (s,
3H), 2.41 (t, J = 7.45 Hz, 2H), 1.94 (quin, J = 7.45 Hz, 2H). MS (ESI) m/z 222.1 [M + H]".

6-((4-Formylphenyl)(methyl)amino)hexanoic acid (8)

L& 7 LRAOERGERIC LY, L&Y 6 225, HEIY 8 #ILE 430 mg (100%) TE7-.
"HNMR (500 MHz, CDCls) 8 11.34 (br, 1H), 9.66 (s, 1H), 7.68 (d, J=9.14 Hz, 2H), 6.64 (d, J=9.14
Hz, 2H), 3.38 (t, J = 7.45 Hz, 2H), 3.01 (s, 3H), 2.34 (t, /= 7.45 Hz, 2H), 1.69-1.58 (m, 4H), 1.40—
1.33 (m, 2H). MS (ESI) m/z 250.0 [M + H]*

(E)-4-((4-(2-(5,5-Difluoro-7-methyl-1.9-diphenyl-5H-4\* 5A*-dipyrrolo[1,2-¢:2'.1'-
f1[1.3.2]diazaborinin-3-yl)vinyl)phenyl)(methyl)amino)butanoic acid (9, SBAOP-1-1)

fE7K b v v (10 mL) I L&Y 1 (59.7 mg, 0.16 mmol), L&Y 7 (42.6 mg, 0.19 mmol), &<
U ¥ v(200 pL), FEEB(150 uL)Z MMz, 7A=Y HAFEEKT, 110°CTREMEVETT L 72.
FOGDS5ET Lt, 2 EER-EL, REZv VATV I7u<= 777 4 —(ZrBakL
LA X7 —N=100:0 to 99:1 for 30 min) THFHL L CTHIH) 9 #INE 11.2 mg (12%) TfH72. 'H
NMR (500 MHz, CDCl3) 6 7.52-7.31 (m, 15H), 7.18 (s, 1H), 6.95 (s, 1H), 6.69 (d, J= 8.59 Hz, 2H),
6.34 (s, 1H), 3.45 (t, J = 7.45 Hz, 2H), 3.01 (s, 3H), 2.66 (s, 3H), 2.42 (t,J = 7.45 Hz, 2H), 1.95 (quin,
J=7.45Hz, 2H). 3C NMR (150 MHz, DMSO-d®) & 174.27, 156.30, 152.32, 150.51, 145.14, 141.70,
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140.89, 134.18, 133.48, 132.66, 131.16, 129.58, 129.16, 129.05, 128.60, 128.41, 128.36, 123.13,
121.62,116.59,115.74, 112.15,112.00, 79.19, 50.76, 30.79, 21.77, 14.40. HRMS (ESI-TOF) m/z calcd
for [C3sH33BF2N30:]", 576.2628, found 576.2625 [M + H]".

(E)-6-((4-(2-(5.,5-Difluoro-7-methyl-1,9-diphenyl-5H-4\*,5\*-dipyrrolo[ 1,2-¢:2'.1'-
f1[1.3.2]diazaborinin-3-yl)vinyl)phenyl)(methyl)amino)hexanoic acid (10, sSBAOP-1-2)

/K + v (10 mL)ICAE AP 1 (87.0 mg, 0.23 mmol), {LEH) 7 (65.0 mg, 0.26 mmol), &~
U ¥ (200 uL), BEEEQ00 L), EL F 27— —7 4R (6 k)% Mz, T3 v H AFEH
T, NOCCTHREMEGETR L 72, RIGOTET Ltk WHREZBEREL, REz ) A7
rsu~ b 777 4—(/aakL/AR ] —L=100:0to 99:1 for 30 min) THEHEL L CHAIY 10
% UIVE 24.6 mg (19%)TfE7-. 'H NMR (500 MHz, CDCl;) § 7.52-7.33 (m, 15 H), 7.18 (s, 1H),
6.96 (s, 1H), 6.65 (d, J=9.16 Hz, 2H), 6.34 (s, 1H), 3.37 (t, J = 7.45 Hz, 2H), 3.00 (s, 3H), 2.66 (s,
3H), 2.37 (t, J = 7.45 Hz, 2H), 1.72-1.60 (m, 4H), 1.42—1.35 (m, 2H). 3C NMR (150 MHz, DMSO-
d%) 8 174.50, 156.35, 152.22, 150.54, 145.15, 141.63, 140.95, 134.22, 133.51, 132.67, 131.14, 129.64,
129.21,129.16, 129.05, 128.60, 128.41, 128.35, 122.99, 121.54, 116.54, 115.76, 112.05, 111.97, 51.37,
38.06, 33.69, 26.13, 26.00, 24.41, 14.40. HRMS (ESI-TOF) m/z caled for [C3;H37BFaN30,]",
604.2941, found 604.2943 [M + H]".

(E)-4-(2-(5.,5-Difluoro-7-methyl-1,9-diphenyl-5 H-41*.5A*-dipyrrolo[1,2-c:2'.1'-f][ 1,3.2]diazaborinin-
3-yl)vinyl)-N,N-dimethylaniline (11)

{t&P 9 Lk ABEIC XY, (LAY 1 B X O 4-(N,N-dimethylamino)benzaldehyde %> &
B Lz, vV AT sa~ 7T 7 4 —(ZaafiLL/~F¥ v=6535THEULTHNPY
11 % L& 30.8 mg (39%) CTf57z. 'HNMR (500 MHz, CDCl3) § 7.54-7.33 (m, 14H), 7.18 (s, 1H),
6.96 (s, 1H), 6.68 (d, J = 8.60 Hz, 2H), 6.34 (s, 1H), 3.03 (s, 6H), 2.66 (s, 3H). HRMS (ESI-TOF) m/z
calcd for [C3,H29BFaN3]", 504.2417, found 504.2417 [M + H]*.

(E)-5.5-Difluoro-3-methyl-1.9-diphenyl-7-(4-(pyrrolidin-1-y1)styryl)-5 H-5A* 6A*-dipyrrolo[ 1,2-
c:2'.1'-f1[1,3.2]diazaborinine (12)

L&Y 10 RO AR LY, LAY 1 B X U 4-pyrrolidin-1-yl benzaldehyde 72> & &K
L7z, Y UATZAZu~ 2757 4 —(Z7aufRL/~FFv=40:60)THEELTHIY 12
% I 31.7 mg (34%) TFf37z. 'HNMR (500 MHz, CDCl3) § 7.53-7.32 (m, 14H), 7.17 (s, 1H), 6.97
(s, 1H), 6.54 (d, J=9.16 Hz, 2H), 6.34 (s, 1H), 3.35 (t, J = 6.30 Hz, 4H), 2.67 (s, 3H), 2.02 (t, J = 6.30
Hz, 4H). HRMS (ESI-TOF) m/z caled for [C34H3BF2N3]*, 530.2574, found 530.2573 [M + H]".

(E)-4-(2-(5,5-Difluoro-7-methyl-1.9-diphenyl-5 H-4)\*,5\*-dipyrrolo[ 1,2-¢:2'.1'-A][ 1,3.2]diazaborinin-
3-yDvinyl)-N.N-diphenylaniline (13)
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L&Y 9 LRk ERIEIC X Y, L&Y 1 35 X U 4-(V,N-diphenylamino)benzaldehyde 7> &
G Lz. VAT b 757 4 =TT L/ ~F 3 v=T793)CTHRE L CHY 13
% I 24.9 mg (25%)Tf%7-. "H NMR (500 MHz, CDCl3) § 7.51 (d, J = 16.0 Hz, 1H), 7.41-7.15
(m, 18H), 7.07-6.99 (m, 6H), 7.51 (d, J = 8.59 Hz, 2H), 6.89 (s, 1H), 6.30 (s, 1H), 2.60 (s, 3H). HRMS
(ESI-TOF) m/z calcd for [Ca,H33BF2N3]*, 628.2730, found 628.2727 [M + H]".

(E)-4-(2-(2.8-Bis(2,2-bis((trifluoromethyl)sulfonyl)ethyl)-5.5-difluoro-7-methyl-1.9-diphenyl-5 H-
404,50 *-dipyrrolo[1,2-¢:2'.1'-A][1,3,2]diazaborinin-3-y1)viny])-N,N-dimethylaniline (14, sSBAOP-2-1)

MeCN (10 mL)iC{t&9 11 (30.8 mg, 0.061 mmol) % il 2., ZEH CTHIE L 28 S5LEWY 2(49.3
mg, 0.13mmol) % LI oM X 7z, & TIMA 728, X HICERT 20 iR L, W% T
HELZ BRIV AT ALIA~ T 7 4 —(ZRBFRVLIAR) —=T70:30)THEH L
THWY) 14 % IUE 43.5 mg (65%) Tf%7-. 'HNMR (500 MHz, MeOH-d*) § 8.02 (d, J= 16.6 Hz,
1H), 7.68-7.66 (m, 3H), 7.39-7.28 (m, 10H), 6.79 (d, J = 7.45 Hz, 2H), 6.41 (s, 1H), 3.78 (s, 2H),
3.60 (s, 2H), 3.02 (s, 6H), 2.79 (s, 3H). *C NMR (150 MHz, MeOH-d*) & 156.52, 154.84, 152.51,
145.61, 142.79, 140.54, 140.50, 136.30, 134.60, 134.38, 133.87, 131.72, 131.38, 130.44, 129.02,
128.93, 128.70, 128.51, 128.06, 127.98, 125.77,123.61, 122.13, 121.43, 114.84, 113.44, 55.99, 40.58,
30.70,29.51,24.72,23.90, 14.05. HRMS (ESI-TOF) m/z calcd for [C4oH30BF 14N305S4]%7/2, 542.5398,
found 542.5396 [M — 2H]* /2.

(E)-2.8-Bis(2.2-bis((trifluoromethyl)sulfonyl)ethyl-5,5-difluoro-3-methyl-1.9-diphenyl-7-(4-
(pyrrolidin-1-yDstyryl)-5H-5A%,6A*dipyrrolo[1.2-¢:2'.1'-f][1.,3.2]diazaborinine (15, sSBAOP-2-2)

LEY) 14 LRI EEEICL Y, (LAY 2 BX U 12 25, HIWY 15 ZILE 32.6 mg
(83%)C1%7-. 'HNMR (500 MHz, MeOH-d*) § 8.03 (d, /= 16.6 Hz, 1H), 7.68-7.63 (m, 3H), 7.38—
7.26 (m, 10H), 6.61 (d, J=8.59 Hz, 2H), 6.38 (s, 1H), 3.77 (s, 2H), 3.59 (s, 2H), 3.37 (t, /= 6.30 Hz,
4H), 2.78 (s, 3H), 2.05 (t,J = 6.30 Hz, 4H). *C NMR (150 MHz, MeOH-d*) 6 155.95, 155.51, 155.24,
150.03, 145.67, 142.44, 141.12, 136.47, 134.75, 134.46, 133.71, 131.75, 131.42, 130.72, 129.65,
129.00, 128.90, 128.66, 128.42,127.86, 127.15, 125.81, 123.63, 121.79, 121.45, 114.08, 112.91, 64.30,
56.02, 29.53, 26.45, 24.78, 23.92, 14.01. HRMS (ESI-TOF) m/z calcd for [C4H32BF14N305S4]%7/2,
555.5476, found 555.5472 [M — 2H]* /2.

(E)-4-(2-(2,8-Bis(2,2-bis((trifluoromethyl)sulfonyl)ethyl)-5.5-difluoro-7-methyl-1.9-diphenyl-5 H-
404, 504 -dipyrrolo[1,2-¢:2'.1'-A[1.3,2]diazaborinin-3-yl)vinyl)-N.N-diphenylaniline (16, sSBAOP-2-3)
MeCN (10 mL)IZfbA4 13 (25.2 mg, 0.040 mmol) % il z., FEif THIE L w23 5{LEW) 2 (32.3
mg, 0.083 mmol)%# > L2z 7z, £TIAZE, X HICER TS0 MHEL, AEA
JEREE L7 BEES VAT A7 u~ 797 4 —(Zua i b/AR) —)N=7525) Tl
L, HWY 16 % L& 15.5 mg (32%) TH37z. 'THNMR (500 MHz, MeOH-d*) § 7.52-7.27 (m, 19H),
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7.12-7.04 (m, 4H), 6.99-6.98 (m, 3H), 6.85 (s, 1H), 3.66 (s, 2H), 3.63 (s, 2H), 2.80 (s, 3H). *C NMR
(150 MHz, MeOH-a*) 5 154.17, 150.43, 148.79, 146.15, 144.85, 139.71, 137.04, 135.15, 135.06,
134.22, 134.15, 131.47, 131.16, 130.88, 130.46, 130.41, 129.93, 129.67, 129.38, 129.22, 128.98,
126.29, 126.00, 125.82, 124.48, 124.45, 123.82, 123.76, 123.62, 123.32, 122.79, 121.65, 121.45,
117.60, 114.42, 56.03, 33.84, 29.53, 23.95, 1430. HRMS (ESI-TOF) m/z caled for
[CsoH34BF 14N305S4] /2, 604.5554, found 604.5552 [M — 2H]>/2.

KRN 3 2 VR O ST

BRI KR IBIE% BIOH AL, 19 DMSO AT, PBS)I I L 72 (HIIE: 0, 2,
4,6,8, 10,12, 14, 16, 18,20, 30, 40, 50 uM). 7kt % Multi Wellplate (0.4 mL x 96 wells flatbottom)
12200 uL $OWIIL, Infinite® 200 pro M Plex CTHERAL G4 D e KNI R 1€ 35 1 2 WO
ZHIE L 7=

R 7T FEEEAROERL
B1E B EFEBRICLTERL 7.

JEYERY R D HIE
ENPOLHREU 0,5, 10,15, 20, 25 uM CTHERIL GV 2 761% X £ 72 R D IR RIIGR R 12 36 1F
B XY HH L 72, D eV BV I35E 1 F & R LCTHlE L 72

Log D D &L ™

PERALEW(0.5 mg)% MeCN/1-4 2 % 7 —L/0.1 M Y v EERER(pH 7.4) (1 mL/160 pL/1
mL)EARICEREE ¢, RLT v 7 2 IFF =% 30 BEERL, E2radssEc
g L7z, EEE THE%ZZ %2 Multi Wellplate (0.4 mL x 96 wells flatbottom) i 781 L,
Infinite® 200 M pro Plex THERIL AW D i KR 1 35 1F 2 WOEREZJE L 72, log D fE1X
DT oz Hw B L 72 (Equation 2-1, 2-2).

Cyp Ayp te ~AupPblank .

Ky = -2 = —=amee % (Equation 2-1)
C A -A
LP LPsample LPblank

log D = 2.8630 logK,y — 0.1497 (Equation 2-2)

Cup or Crp: _EJE (upper phase; UP) ¥ 7z 13 T J& (lower phase; LP) DL &R E
AUPsample or ALPsample: J:)% EQ e T)% BT 5 ’ﬂ:é}%@ W%F;
AUpblank OF Arpplank: FIEE I TEICE T 2Ny 72759 v FOWNE

ABFFETIC BT 2 HEA X7 P v o lllE
AP GRIEFE: 5 uM) B X BRI AP GERIRIE: 5 uM) % 10 v/v% EtOH & PBS H1CilEAI L,
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59MABE ./ ~—FB X WARF Y I~—)F 721320 AR T7 4 7V M)FIRCTHEHE L 72, 3
Bl & FH 82V I2FS L RF-6000 % F WL CHIE A= 27 L EREIE L 7=,

Fydxvr7vial—yayv
FIHLEMKOY 7 7 2T 2#HWT{T>72. RCSBEHET -4 v 27X ) ApA ) =
~ —(PDB ID: 5SUR™) D it % B L 7.

B RA O HIE
FHl L AP DL % 250 nM 12, ABDIRFE% 0,0.25,0.5,1,2,4,6, 8 uM ICRIE L 72, &
ML 77 v 7 E%BE TG\ e, hoREIZE 1% F2 8L FkICLTTo 7.

fem

T D R
515 42 B 2 RIS LCHT o 7,

TEPERE O E R

I PR R 1 (reactive oxygen species; ROS), i % #&ffi(reactive nitrogen species; RNS), &1
T ¥ & (reactive sulfur species; RSS)% LA T D 7K ICHEWIERLL 72,

H>O,

30 vIv% Ho02 7K % ZKFE /K THRR L 72,
0r

KO, 3 X WN18-27 77 -6 % DMSO I 1:22.5 DY B TIAZ, 025M DR + v 7w % 1E
B 72, O % 7KK THRARL 72 76,

NO

RYZTT I ABKADE T N Y v L KR & FREE KIS IR L 7.
ONOO-

0.6 M H#E(10 mL) % 0.6 M KNO, /KIA#R(10 mL) & 0.7 M Ha0, 7KIEHE (10 mL) D AR IC 0°C
TR LA OMA 72, 20k, 1LSMKEELT U v 2KERQROmML) % 3 CIChiz 7z, 8
JEIX 302 nm OB ZHE L, EABSERE(1670 M 'em ) 2 W CEHR L 72 7.

H>S

NaHS % 7KK ICIEfE L 72,
IV 2 F A v (GSH)

GSH % 7K KICIRfR L 7=

VEPERRAEAE T I B3 2 M o 2
SBAOP-2-3 @ 1 v/v% DMSO & PBS iAW (150 uL) & iG AW (50 ul)% Multi Wellplate
(0.4 mL x 96 wells flatbottom) IZ A L (F&HEEE sBAOP-2-3: 10 uM, J&PEFE: 0, 5, 10, 20, 40 uM),
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5,10, 20, 30 434 1T Infinite® 200 pro M Plex T 612 nm D WZEFE % HIE L 7.
R EE &S 0 G
F1E B2 LFKICL T T 7.

i BT 52 5% o B
F1E F2HEFEMEICLTTo 7.

ABEEE BRI 3 2 SO © §F
ABA b v 7 R OEHR

ABi 4 % 10mM KEE{LF b U 7 Z0KIRHRIC 140 pM CIAMR & &, 3 FEI#ELE 0 (4°C, 500,000
o L7=tk, FHP L 455D 3D LEEZRRBINL 72, ¥EEE X 280 nm I F T 2 WEEZHIEL,
Fu v VERIED T AR EN(1490 Mlem ) B W CEHRE T 2 2 L itk ko 7z, 10 mM
KA T+ U 7 LK T 100uM T THRL 7212, WRAEREZH TR L, HHF
¥ CT-78°CTIRE L 7=,
ABEEEREIE D 53T

ABA b v 7% PBS (300 mM NaCl Z &% 100 mM Vv FEHEHER, pH 7.4)C 50 uM I
L, 37°CICHNRT % & & CREEX 2727, FEEEICEWT, ABY v 7% 5 8uL [\
L, PBS (182 uL)& & MM 7' 1 — 7 D EtOH AR (40 uM, 10 uL) &AL 72, 10 FrfH=
HCHHE L, 3¢t RA~<2 FAZHEIE L. ThT 13 440nm T, sBAOP-2-3 % 629nm TZNZ
AU L 7=,

CD A~ 7 b VOHIE
AB% PBS (pH 7.4)T 10 uM ICFRL, F a2~y M L7z, HIE 0.5 nm HFETITV,
SEOWET — 2 &ZMET 22 L1CkY, CD AR7 MG,

Rk
7 v MMetiilaE pC12 Ml IZBEEITE AN A A Y v — ZWTE ' v 2 — X D fefit & 2
J7-. MRS 1= F2EEFAKRICLTT- .

G 1 o G iff

PC12 fil@%Z AR Y -D-U ¥ v a—+ 96 v =)7L — }(Corning 1:3)IC 10,000 cells/well T
EEEL, 10 viv% FBS 35 X U 5 vkt 7 < Ifilik % & & DMEM H 37°C, 5 viv% CO, | C
72 IRfilREEE L 72, EEHiZ2FRE L7, 0.1 vivoe BBk ¥ < I B X O GlutaMax™ (2 mM) %
G 72/ =1Ly FAE DMEM (90 uL) & sBAOP-2-3 @ 5 v/v% DMSO & PBS iA#E(10
puL) % 7 L 72 (SBAOP-2-3 DAL 0, 62.5, 125, 250, 500 F 7= 1 1000 nM). 37°C, 5 v/v% CO;
T 24 FEEIREE L 28R, WM AR L, 0.1 vv%IEEI{E v < IiE 3 X OF GlutaMax™ (2 mM)
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EED7 2 =Ly FARERHMI(100 uL)3 L CAEMAEIERSE SF (4 74 7 2 7 &
D) (10 uL) &2 Mz, 37°C, 5v/v% CO, T T 4 IR #E L 72, 450 nm DWEEE % Infinite® 200
pro M Plex CTHIE L 7=.

Al e i 5

A R A & BRI LC PCI2 Millg 2K Y -D-Y v a—F+ 96 v x 7L — MICHEREL
7o, B &2 BRE L 722, GlutaMax™ 2mM) %z &8 7 = 7 — L L v FAEEHI(100 pL) CHtiE
L, [E—DFHI(100 uL) 37°C, 5viv% CO, T T 72 REfEIRE#E L 72, B & PR L 7214, P
L, [F—oDFH80 uL), AR, sBAOP-2-3 &% ZNZ M A 7z, BEBROSHTICE
J 5 APEEESTIEICHE 2.5 FEEIRHEE X 272 A% APA ) I~ — & LT, BEBREDOIHTIC
BT APEETEICHE 24 RiBIRHEE S 272 ABE ABP7 4 7Y L& LTENE N -,

Pllig S
~ v AMAARRY) o

APPNL-GFINLGF < o7 2 (fepE, 5 A & 0 il U 72 % CHANICiREL, K794 74 2% H
WTRAHGH L7z, difivey 2%, JAAHB I 4422y FEHWTHEYIL, 20um
JEDYIR ZAFHLL 7=, {HHKE T-20°CTIRTE L 7=.
ThS & #ER{LEY DIt

F1E F1IEEREKICLTTo .
ABFCHIFEERTUA £ 72 1351 ARA Y I~ —hilk & w7 g doe e (s

6E10 HUA E 72 1 OMAB k% PBST TH L 72#2(6E10: 1/1000, OMAB: 1/100), Axi#H#%
YR % PUARTER IC 2= CRRIRIE L 7z, IMHHRRYT A % PBST CHE¥ L 7212, PBST THML
7o ZRPUATEIL(6E10: Alexa Fluor 488 155 goat i~ 7 R 1gG Hiff(Abcam 1H) (1/3000),
OMAB: Alexa Fluor 488 i goat $1~ 7 & 1gM $T1{4&(Thermo Fisher Scientific #1:#4) (1/500))iC
LT 2 WERIRIE L 72, PBST TULH, sBAOP-2-3 @ 50% EtOH 7AHE(5 pM)IC ZE#L T 20 47
[ARRIE L 72, 50% EtOH /KIS C 1 Zr[El D vk % 2 [BlfT - 7242, BZ-X800 %\ TUIf %l
BT,
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2.2, ERLEE
SfakatEs LA

R PE O EREL D A, KRIEE~DEMED IR FIc s »w CHER RiGHIETH 5. L
L, SO XD hERE L FEE~NEEEEAT 2856, 7T 2R OMEPBINICHER T 57]
REMEDI D 5 7. ABA Y o'~ — IIHEERNICBUK MR Z B L Tk 0, 2 OEES ApA Y o'~
— DMRFICE W TEEAKE 2R 2T L ARBINT WS 8081 X5 2, 5 1 BT
IZ, BODIPY #FEMAE D ARA Y '~ — DREEN O BUK I IS G L Tnw b 2 L 2RI
2. L7z28oT, ARA Y I~ — 1l 7' n — 7% B+ % 1T, BAOP-16 DEHEI& DG
AW AHERF T 2 2 3EECTH L. AFETIILATD 2580 Oi%aHikig 2 AL 2. 1 oH
DTG T AV FNAAR=F =% N LTI TAFAT I JHICHVRF O REEZEAT S
715 CH % (Strategy 1).  Z OHEIZIE, BEHRICEHE T APRIER L L 72 BODIPY %3 3%
NIRRT DRI 2B E X2 3 HITHWONTEY 2, TAFALZAR—F—DEI %
Hfid 5 2 & T, T REROIREEEMR LoD, WREE R ERTRETH 5. AIFFETIIKR
FHENIEALESOTAFARSR—F —Z AL 2. 2 DH OXGHEIE L, CH.C THEZ
BODIPY ‘Bt&D 2 fiid X U 6 (LICE AT % 7716 TH % (Strategy 2). MIRICIH VT, HEHD
T~ CH,CTHEZEAD, HN7FDIRAEMEZMER LoD, ACRIBEE~ DR % )k
FEDLTEPWMEINTVE B, I51C, HIRCEOWTCOTHED» IEIN ALY I
~— N T M LICEECH L 2 L ARBINTEY, CHCTH EDEAIC X 55
THEDOP IEIDOWMARICL > T, ABF Y I~ —IIi T 28R M2 M L35 2 L3 Aff
N3, L7z2->T, CHCTH FEDEAR, ABA ) I~—% L T 387 v — 7 DA%
I L 72 REHRIE T H 5 L F A b D, ARIFSETIE, Strategy 1 1ICHEW 2 {LAYI(sBAOP-1-1
¥ X U sBAOP-1-2) %, Strategy 2 \[ZfiE\ > 4 {L&H)(sBAOP-2-1, sSBAOP-2-2, sSBAOP-2-3, sSBAOP-
2-4)% Z NLZ Nikat L 72 (Figure 2-1). BODIPY ‘Hi§~D 2 F U A HDE ALY, 551 52 & [k
IZ BODIPY & RV X7 AT b FEJFEELE L, Knoevenagel MifiC & » TfT o 7z, CHCTh 4
1% 2-fluoropyridinium ethanide (fL.&4) 2) % F > T A L 72 (Schemes 2-1). 5 {L.&4)(sBAOP-1-
1, sBAOP-1-2, SBAOP-2-1, sSBAOP-2-2, sSBAOP-2-3)ic D\ T 1%, +4r7ailE s X NHiE 45
Z LR TE D, sBAOP-2-4 %, FHliic4ELRINES X OME TR Z e TE Rd o7k,
L72435C, sBAOP-2-4 %[5 5{LAMICOWT, ABF ) I~— %L § 2480t n—7
& L CoFHifi 21T - 7=.
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1
1 1
1 SAR study o] !—Iigh and selective fluorescent intensity increase 1
1 in presence of soluble AR aggregates. 1
1 1
1 1
1 X Low aqueous solubility due to high lipophilicity 1
1 o and planarity. !
1 1
BAP-1 BAOP-16 |
: Fluorescent probe targeting AR fibrils Fluorescent probe targeting AR oligomers \
Section 2
Intreduction of aqueous functional groups . aqueous functional groups
Strategy 1 Strategy 2
ey o
N— Ny
‘ ! L

n =3 sBAQP-1-1 Carboxyl group introduced SBAOP-2-1 sBAQP-2-2 TWo  CH,C°CTf,  groups

=5 sBAOP-1-2 into alkylated amino group : -~ ) introduced into 2- and B-

with alkyl spacer. FY e positions of BODIPY scaffold,

I g and functional group in styryl

o :/\ vl group is modified.

sBAOP-2-3 sBAOP-2-4

Figure 2-1. Design strategy and chemical structure of candidates in this study.

Pipelidine
Acetic acid
—_—
Toluene
110°C

Scheme 2-1. Synthetic route of SBAOP series.

VB £ R o ETA

7 aa kLl BoTEFLAY ORIL - #HHEA <7 PV EENE L 72858, winoft
EY D ARG R 13 600 nm LA EOFEIRICEE® b, mAHECHRIOTRIMEIRICAIE L
7= (Figure 2-2, Table 2-1). JT/RAMEIH L E O HEELC A MGUR R © B K G DFEZE /N X v
o, {LEMZBTND ANAFT v A ICHE L 22 BT 2 2 R &
iz, Hn T, KRB~ ORIV % FHI 3 2 72912, 1% DMSO KiER I & O 1% EtOH 7K
wiErhc, EAILEY B XU BAOP-16 DO ZHIE L 72, 1% DMSO KiE <, »
TR oAV b IR & PO ORI IEHRAY 2 IE B2 ® b /- —77C, BAOP-16
IZD W TUE 30 uM 1L THOELEE D HEINZE MK T L 72 (Figure 2-3). ¥ 72, 1% EtOH KA
TlE, sBAOP-2-1, SBAOP-2-2, SBAOP-2-3 IC DT, HLEE & WOV EE o IS [E #1172 1E D FH
BAARE® b iL7z—77, sBAOP-1-1,sBAOP-1-2, BAOP-16 I DWW T, iR ICE T H IR
FE DM $ 5 TH o 72(Figure 2-4). Z DFERD 5, CH.CTEH FDEA DK R~ D
AR Z SR EX -2 2RO E 572, X HIT, BER ™ ICHE logD i % BH
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Lzt 225, wInoftéMd logD>5 OEfE%ZR L 72(Table2-2). M X b, AWF5ECH
FA U 7= 3% TG LKA % ) B X 20 O REEE O IR Z MR 32 C L R S iz,

1.2
1] — BAOP-16
g SBAOP-1-1
€038 -
g SBAOP-1-2
306 — SBAOP-2-1
E 0.4 - — sBAOP-2-2
S — sBAOP-2-3
0.2 4
0 T = T
500 600 700 800

Wavelength (nm)

Figure 2-2. Absorption (dotted line) and fluorescence spectra (filled line) of candidates in chloroform.

Table 2-1. Photophysical Property of Candidates in Chloroform.

Compounds Aabs (M) AX (nm) Aem (NM) g (Mlem™) 0
BAOP-16¢ 638 66 704 9.6 x 10* 0.22
sBAOP-1-1 642 65 707 7.3 x 104 0.068”
sBAOP-1-2 645 66 711 7.3 x 10* 0.095°
sBAOP-2-1 653 90 743 4.1 %104 0.041°
sBAOP-2-2 661 82 743 7.0 x 10* 0.033°
sBAOP-2-3 627 50 677 3.7 x 10* 0.072¢

“Data on BAOP-16 demonstrated in Section 1-1.
"Determined versus that of BAP-2 in chloroform?s.
‘Determined versus that of BAP-1 in chloroform'°.
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Absorbance (a.
o O o [ G R Y Y
Do oAb o oN
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® BAOP-16
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Concentration (uM)

50 60

sBAOP-1-1 @ sBAOP-1-2 ® sBAOP-2-1 ® sBAOP2-2 @ sBAOP-2-3

Figure 2-3. Absorbance of candidates in 1% DMSO aq. at various concentrations (n = 3).
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Figure 2-4. Evaluation of aqueous solubility in 1% EtOH aq. (a) Absorbance in 1% EtOH aq. with

sBAOP-1-1

(b) Enlarged view
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Table 2-2. Results of Log D Analysis.

Compounds Kan Log D
BAOP-16 n.d. n.d.
sBAOP-1-1 140.3 6.00
sBAOP-1-2 431.1 7.39
sBAOP-2-1 415.0 7.35
sBAOP-2-2 441.9 7.42
sBAOP-2-3 800.9 8.16
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ABTFTE T IC 31 % HOCERE 0 3l

ABTFIE P I B W TEMIL A 3 L O° BAOP-16 DHIEA =27 + A% HI%E L 72 (Figure 2-5,
Table2-3). VI NDLEYD ARA Y I~ —1F#7E N CHMBED LR Z/RL, Z OIS
IZ BAOP-16 & L L CEfECH - 72 (Figure 2-5). T DFER X 0, KRB~ OB L
IC X% ACQ D23, ABA Y I~ —1F7E F COHNMEIHRKICHF LG LTWwd LEZILRN
3. %72, WINoLEWD ABE/ ~—FB X W ABT7 4 7V ATEE FCOHNTRE X, AP
) I —FHETEHBLTUKETH - 722 25, ARA ) I~ —ITh4 23 & R AR &
N7z, FFIT, sBAOP-2-3 (SI=6.32) X DAL API(SI=2.30-4.03) & LLi L T b =\ aEii
4% 7R L 7z (Figures 2-5 and 2-6, Table 2-3). —J7C, BAOP-16 DFEHRPE(SI=28.4)ICBIL T,
F1E 1 HEISI=4.86) & L THIFICH WEZR L2, i, FHlCHW2mgEh o
IR —VDOEENE1E F1IHEHKRLTY AR o727201C ACQ 284 L 7- 2 L IiTiER
TEHEEZLNS. Ld->T, H 13 H1HOMELEE 2 5L, sSBAOP-2-3 D ABA Y
o~ —ixf 9 M 1L BAOP-16 L RIFEETH L L EZ LS. MAT, BSAFEFTOD
HHARTZ P VZHE L 72HER, wInolteaWd EtmEo FR %R L7z, CH.CTH 2
ZBAL7ALEY O T, sBAOP-2-3 DH ERERROE» o722 &0 b, NNN-V 7 =
ST 2 HOEAN BSA I 28 LR 2GS 5 & AURIE X L7z (Figure 2-7). X
512, b MIMJE 7 v 7 1 ¥ (human serum albumin; HSA)B X e F a7 ) v G
(immunoglobulin; IgG)fFTE N IC 1) % sSBAOP-2-3 DHIH AR 7 P RHEE L /=L 25, BSA
FHETEHBLTEND DD, WTFND X VY AAZEETICE T S HEMRE D A3
b7z (Figure2-8). TN O DFER XY, IPICHFEET 3 ApA ) v — D ic A L&Y %
O 2BRITEFEESSETCH L eEZ NS, LEOKR LD, sBAOP-2-3 23k b H L {6t
ftaEm<Td 2 LR L, LAREDFEEIL sSBAOP-2-3 130 L CTHEME L 7.
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Figure 2-5. Representative fluorescence spectra in the presence of AP oligomers and AP fibrils. (a)
BAOP-16, (b) SBAOP-1-1, (c) sSBAOP-1-2, (d) SBAOP-2-1, (¢) sSBAOP-2-2, and (f) SBAOP-2-3.
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Figure 2-6. Fluorescence spectra of (a) BAOP-16, (b) sSBAOP-1-1, (c) sBAOP-1-2, (d) sBAOP-2-1,
(e) SBAOP-2-2, and (f) sSBAOP-2-3 with or without A3 monomers.
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Figure 2-7. Fluorescence spectra of (a) BAOP-16, (b) sSBAOP-1-1, (c) sSBAOP-1-2, (d) sBAOP-2-1,
(e) sSBAOP-2-2, and (f) sSBAOP-2-3 with or without BSA.
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Figure 2-8. Fluorescence spectra of SBAOP-2-3 in the presence of (a) HSA and (b) human IgG.
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Table 2-3. Spectroscopic Data in the Presence of AP Oligomers and A Fibrils. (n = 3)

With oligomers With fibrils

Compounds ~ Aewm (nm)  AA (nm)  Fold* Aem (nm)  AA (nm)  Fold” SI?

BAOP-16 714 78 155 n.d. n.d. 5.49 28.4
sBAOP-1-1 728 86 36.7 727 85 9.10 4.03
sBAOP-1-2 719 74 40.8 728 83 15.2 2.69
sBAOP-2-1 746 93 6.17 742 89 2.68 2.30
sBAOP-2-2 752 91 6.40 749 88 2.46 2.60
sBAOP-2-3 722 95 26.3 715 88 4.17 6.32

“Each value represents an increase in fluorescence intensity with protein and is expressed as fold = FI
(probe with proteins)/FI (probe).

PEach value represents selectivity for Ap oligomers versus A fibrils and is expressed as SI = FI (with
AP oligomers)/FI (with A fibrils).

ABF V) == —{EHOE 7 u — 7L LT @ sBAOP-2-3 D El T

H% 60 73RBS L 7242 1C sSBAOP-2-3 O HUOGHRAE 2 HI7E L 72 K528, WSTATD 85%LA Lot
HTREE 2 MERF L CTH D, sSBAOP-2-3 23R WORLIEMEZH T 5 Z & AR T #L7-(Figure 2-9). i
PEFE(ROS, RNS, RSS)FIE F COREMWZ T L 72 & & A, B8E e R 13388 & e, sBAOP-
2-3 DALSE L E M ARIE X L7z (Figure 2-10). £ 72, AIARE % & % 70\ PBS W CO AR
PEEFHE L 72 & 25, BAOP-16 13FiRE T BOLEORMAERD SN h > 72DITxfL,
SBAOP-2-3 X2 & I OIS TERRA 2 IEOMBEAR® b, Bh kg2 HET 2 C
EDHL D & 7r o 7z (Figure 2-11). 512, H7R2RED ARA V =~ —f7{E | T sBAOP-2-
3 OHOEREZHE Lz L &5, #HNME L ApA Y o'~ —IRE O I ERA 72 IEOMHEE A
Ao o7, 3ok B X VBRERAAZEL L 2#%, 221aM &40, ApAF Y I~—% M
F— X —THRIHTEETH % 2 & R X 17z (Figure 2-12). AT, thEDEL 2AE T
HOME ZHE L2 e A, FE ORI W EEmEL b 30 L 72 (Figure 2-13). Forster-
Hoffman I (Equation 1-1)% I\ THIEEZ R0 ZRHAE L 2665, 023 LHEH I,
BAOP-16 Dfi(x=020) & [AIFRETH 5722 & 55, sBAOP-2-3 (3 ARA V) o'~ —RHICHE L
TRERSZE AT ARB AN, £, O RR ZIREFCOHNEARZ Pk
HIE L7265 F, A oBESH AT 2 IcoNTRAKHEEEREORRE(LES X CHERE O
P 2558 B 7= (Figure 2-14, Table 2-4). Z D#EE X 0, sBAOP-2-3 DJiECIREE IC BT oy
THNEMBENAICT)AEL 2 2 LRBINSZ., TLDMBE XY, o TWEEEDHNH & B
RPEBRBEIC X % ICT IREED AR LE(L A, sBAOP-2-3 D ABA V) o'~ —fEiA KD #E E A 17
HELTw3 EtEzZLNS., ABA ) o~—& sBAOP-2-3 DM AR ZHKETd 2720, Fy ¥
VY lalb—vavEELEZ ApF Y ~—%7 L (PDB ID: 5SURT)% H 7= #
sBAOP-2-3 75 AR+ U = — DBUKPEREEICH AL, Phe20 & P Y 7 2= T I Eoffic
o b vl BEVER 25588 6 117 (Figures 2-15 and 2-16). & O#EHR (%, sBAOP-2-3 D H#{ L&
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23 ABA Y I~ — AR D FHNEEROIIH & ICT IREED AL ENMITER T 2 L v ) BEHEL
—HF 5. IHIC, WEDOHRE TIX, BODIPY FHEMRICEAINAPY 7 2= AT I 7 Hp
ABF Y =~ —D Phel9-Phe20 EMHAMEMT 22 & 2%, U 7 x=7 37 HKOHLEE
THDLPY) 72 VR R VYBARF ) T2 —ICHfEATH I L BEUIRINT NS, Ld
>TC, MY 7x=nAT 3/ IT sBAOP-2-3 & ApH Y I~ —DDOHEERICE W TEER
HEEREZLTCHD EEZHNS. sBAOP-2-3 O ABF Y I~v—B XU AB7 4 7V icxf
T B REAERE %2 4 AR SRERIC X 0 FF L 22655, ARA Y o~ — i3 % K fE 13 28 nM,

AB7 4 7V VICHKT B Kefild 322nM TH Y, sBAOP-2-3 28 ABA U o'~ — I/ L CENTZ
SARITE & m A EIREC 10-fold)Z H 3 % Z & 2378 & L7z (Figure 2-17). Z DfE %
BAOP-16 & [WHE L7z & A, fEEERIC X D ABA Y o'~ — 13 2 i &8 2 HERs L o
D, ARA Y T2 — TN T MEAERESKEZ KM EL 72 &S D& 7o 7z [e.g., Kawith
AP oligomers = 34 nM (BAOP-16) versus 28 nM (sBAOP-2-3); (K4 with AP fibrils)/(Kq with AP
oligomers) = 0.464 (BAOP-16) versus 11.5 (sSBAOP-2-3)]. % | = CIE b N 7=, KR EN O
K22 ABA Y T=— 0T 3G ERMEZR LxE2 L w) %I]E}:/\zb%, sBAOP-2-3 D&
WEEEEIE I CH.CTEREB IO ) 7220 T 3V OB AIC L 20T O X5 DO
RICERFT 2 EEZLNS.
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Figure 2-9. Fluorescence intensity of sSBAOP-2-3 in ethanol under constant 660-nm laser irradiation
(47 mW/cm?) for 60 min.
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Figure 2-10. Absorbance of SBAOP-2-3 in the presence of various concentrations of reactive species.

(a) H202, (b) Ox7, (¢) NO, (d) ONOO", (¢) HaS, and (f) GSH (1 = 3).
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Figure 2-11. Solubility evaluation of BAOP-16 and sBAOP-2-3 in PBS without any organic solvent.

(a) An image of BAOP-16 and sBAOP-2-3 dissolved in PBS at 50 uM. (b) Absorbance of BAOP-16
and sSBAOP-2-3 in PBS at various concentrations (n = 3).
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Figure 2-12. Fluorescence intensity of SBAOP-2-3 with different concentrations of AP oligomers.
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Figure 2-13. The linear relationship between log[fluorescence intensity (/) of sBAOP-2-3] and
log[viscosity of solvents (7)]. (n = 3)
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Figure 2-14. (a) Absorption and (b) fluorescence spectra of SBAOP-2-3 in various solvents.

Table 2-4. Photophysical Properties of sSBAOP-2-3 in Various Solvents.

Solvents 0" habs (nm) AL (nm)  Aem (nm) e (M lem™) o?
1,4-Dioxane 2.2 627 42 669 6.6 x 10* 0.16
Tetrahydrofuran 7.6 621 50 671 5.7 x 104 0.15
2-Propanol 18 621 56 677 5.1 x 104 0.064
Methanol 33 621 73 694 6.3 x 104 0.020
DMSO 45 629 95 724 4.7 x 10* 0.0078

“Dielectric constant of solvents obtained from Sigma-Aldrich Solvent Center.
’Determined versus that of BAP-1 in chloroform'?.
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Figure 2-15. Docking simulation between sSBAOP-2-3 and AP oligomer. (a) The most stable docking
pose in the simulation. (b) Surface of binding site of sSBAOP-2-3 in A} oligomer. Red: hydrophobic
site, green: neutral site, blue: hydrophilic site.

Figure 2-16. Interaction between sSBAOP-2-3 and the A oligomer model (PDB ID: SSUR). MEA is
N-methylated Pheso, and the blue-colored part of SBAOP-2-3 has been exposed to a solvent.
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Figure 2-17. Representative saturation binding curve and K4 value of SBAOP-2-3 for (a) AP oligomers

or (b) AP fibrils.
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ABBEEBFEICE T 5 ABA Y o~ — Dt

SBAOP-2-3 28 ABDEHEBRRICEWTEKT 2 ABA Y I~v—% T L L8 TE %2
EO0EFHE L 7. ABE/ v —% 37°CTEIE XY, FRREICE W TEERICThT 0¥ v T
5 HLL, sBAOP-2-3 LiRAIL T, WA= FAZHEE L 72, Hi{bEY & L< ThT % H
W, AR R % 1T o 72, ThT OG5 &R G 8 il & CIER L, 48 il % <
EWEZAMERE L 7. —77, sBAOP-2-3 O HUGIEE IZEEEFIRE R &, SR L, 3K
MR ICRAMEZ R L 721, R4 ICikE9 L 7= (Figure 2-18). BEEFRIHICH W TIE, sBAOP-2-3
DHOCFREE DS ThT & Y dHEICHE <, EBEZRYTE ThT oFME L ko7, 2hb o
FEHRD 5, sBAOP-2-3 IZEHEFIHICHE WTAERT 5 ABA Y v —%E R I cE 5 C
EDRRINT, T oI, FEERRICE T 2 ARREEMRD 2 KMz 51l L 72 #5258, o K
BTl ABIZTEIC T v ZLaa A x> Tni-—J7 T, FfoRBIC LRy — b
DENGHPHKT Z Z L DHS 2 & 7 o 7z (Figure 2-19). Z DZ2AL13 ThT D H{EIRE DN &
MEILTH Y, sBAOP2-3 3P — b2 ED ABTZ U F 7 4 7TV AR ED ABF Y I~ —% K
MTE 2 LRI N, AT, BEERHEICHT S ABDOEIELZ TEM TEIEL - &
Z 5, BEERI0.5 3 X3 EENICIZABT T N 7 4 TV A DOEHETH B HiFRAY 2R FEHE 5585
0D b, FHERROFRE L & b I, BEHRAEPME T 2 k123815 X 1172 (Figure 2-20).
INHDORER LY, sBAOP-2-3 13 ABDEERFIHICAK T 2 AB7 e b 7 4 7Y V% & AP
A ) T — 2B PRI TE 2 2 LSRR I L.
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Figure 2-18. Analysis of A} aggregation process by measuring fluorescence intensity of ThT or sSBAOP-

2-3. Statistical analysis was performed using unpaired Student’s t-test. *p < 0.05, **p < 0.01, ***p <
0.001.
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Molar ellipticity [6]

Wavelength (nm)
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Figure 2-19. CD spectra of AP at each time-point during A3 aggregation process.
.
.

Figure 2-20. Images of A} under incubation at 37°C obtained by TEM. Incubation time of each image
is: (a) 0 h, (b) 0.5 h, (c) 3 h, (d) 5 h, (e) 8 h, or (f) 24 h. Scale bar: 100 nm.
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EHilaicEs T 5 ARA ) o~ — Dk

SBAOP-2-3 23 EMIIAEFIE FICB W T ARA ) I~ — % CT% 259 » 25l 3 5 72 9,
PCI2 Ml & 7ML A — v 7% 4T o 7. ABIETELE T <3, MINE <351 2 597k
AL I FNDABBE I NIz, —T7, ABA ) I~ —FF7E T ClE, B IRVt 7
DD BT, Tz, ABT 4 7Y ATELE F Tk, #%s 2F L DBEE RIS & iz e
> 7=(Figure 2-21). TN HDFER LY, sBAOP-2-3 I3AMIfE I B WT ABA ) o= —%5E
RENCHRHETRETH 2 C LR E NIz, S Hic, BAZEED ABF ) o~ —7F7E FTOFF
flilc 5> T, sBAOP-2-3 DHIN:Y 7' F i3 ABA Y o'~ — i ICIRTE L CHENN S % & & 230k
2 X N7z (Figure 2-22). MEEFEROFHIITIE, 1000 nM @ sBAOP-2-3 T-1E I C b Mlfed: 17
L 80%LA ETH Y, sBAOP-2-3 IC & 2 P& llfid #3580 & 70 2> o 7 (Figure 2-23).
NoDFER XY, sBAOP-2-3 (ZAMIEA A —2 v Z~DIGHBARETH 2 T LR E Tz,

Bright-field Fluorescence Merged

AB oligomers (+)
sBAOP-2-3 (+)

AB fibrils (+)
SBAOP-2-3 (+)

AB species (-)
sBAOP-2-3 (+)

AB species (=)
sBAOP-2-3 (-)

Figure 2-21. Fluorescence images of soluble A3 aggregates and A fibrils (5 uM) detected by sSBAOP-
2-3 (1 uM) in live PC12 cells. Scale bar: 100 pm.
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Bright-field Fluorescence Merged

10 uM

2.5 uM

Figure 2-22. Fluorescence images of various concentrations of soluble A aggregates (0—10 uM)
detected by SBAOP-2-3 (1 uM) in live PC12 cells. Scale bar: 100 pum.
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Figure 2-23. Evaluation of cytotoxicity of SBAOP-2-3 using PC12 cells (n = 4).

APPNE-GINLGF < w7 2 p [l Y) & I 7 OBt

sBAOP-2-3 23k D ABA Y I~ — %R T2 Z L3 TE 2089 »%dlli T 5720,
APPNUGINLGE <7 2 o AU - % W 7 O 2 FEf L 72, sSBAOP-2-3 1 X % 7' 7 —
7 IRDORER B LEERD b, IFFRFRN LAy 7 v BAOP-16 & HE L TR L 7=
(Figures 2-24 and 2-25). %7z, sBAOP-2-3 & 6E10 itk itz {To7/2 L 25, R(ED—
Bn@H o= Ld b, sBAOP-2-3 28 ABZFFRICHMA T 5 & L AR X 4172 (Figure 2-
24a-d). FI—YIRcxf LClE 7" 7 7 4 MENT 24T o 72488, FIC 77 — 7 oHuLaEisgic
BOTY S FAMEDHENRD bz, DT b, ABT 7 — 27 OFULFEIBIC sSBAOP-
2-3 Y L 7n o APBEEEIRMETE T 5 T & HYVRWE X 172 (Figure 2-24e). X 512, OMAB T
R DR RE 2 T o7& 5, RIED—EDFED O 1L(Figure 2-241-i), 8JE 71 7 7 4 L fiE
Wl > 7' F VIR O —E DM ERE X 17 (Figure 2-24j). 2 L5 DFEE 2> 5, sSBAOP-2-3 75 A
V) I =R YT 5 LB I N, AT, ThS Lo tarfio72 8 2 A, ThS IF
77— 7 OLGE R i d 5 —)5C, sBAOP-2-3 728JELUAEIL % 38 < Yt 3 2 BT3B
X 1172 (Figure 2-24k-n). T8 71 7 7 A VENTICIE VTS, ThS D v 7 F 2858 W T X
SBAOP-2-3 D ¥ 7'V HERHIT T & 230 & 2> & 75 o 7z (Figure 2-240). Z DFER XD,
sBAOP-2-3 137 7 — 7 OJEIIMEIRICTHEIE S 2 ARA ) o'~ — & @B ta 3% 2 L HURE
Itz UEOFER XY, sBAOP-2-3 23 liHA%kH D ARA Y o= — 2 IRy Icki nlRE T H 2
TERRBEINT.
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Figure 2-24. Images and intensity profile analysis of brain section staining: (a, f, and k) stained with
sBAOP-2-3; (b) stained with 6E10 antibody; (g) stained with OMAB antibody; (1) stained with ThS;
(c, h, and m) merged image of a and b, fand g, or k and 1, respectively; (d, i, and n) enlarged images
of cyan boxes in ¢, h, or m, respectively; (e, j, and o) intensity profile analysis of specified in d, 1, and
n, respectively. Scale bar: 200 pm (a—c, f~h, and k-m); 100 pm (d, i, and n).

Figure 2-25. An image of a brain section stained with BAOP-16. Scale bar: 200 pum.
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2.3 /ME

KRETIE, NAFTveAiCEBT 2 ApF Y I~ —0ERWHEHICET 287 -7 D
FFEZHE LT, 81 B TR L7 BAOP-16 DfEGEEMZ 1TV, {F7-/b&WICo T AB
A ) T —FEEE e — 7L LCoOFHli 2T o7, ZDfER, UT MR ZE7:.

(1) TAFARAR=F =% N LAV KFOHOEA, 7213 CHCTHEDEAICLDY, 5
MO EM & G - BRL 7.

(2) EMEMEFHNIC 35\ T, CHoC TH B2 DB A DK R IEBICN 3 2 g E &2 BE cm X2 5
eI EINT.

(3) ABTFTE F T OHINHFEEHINIC 351> C, sBAOP-2-3 2MEMILAYI DO TR b i\ ABA Y
I —EREZ R L 7.

(4) sBAOP-2-3 12 ABDHEBRFLICHWT, ABA Y I~ —ZHINKICHRIETE 3 2 & 29R1E
I N,

(5) sBAOP-2-3 (ZAEMIMEATE T T ABA Y Iv — % BIRWICKHEC& 2 2 L 2R S -,

(6) SBAOP-2-3 & APPNVG-FNL-GF < v 2 o i1 o ABA ) o'~ — & #IR I ©
XL LRREBINL.

PIEDFER XY, sBAOP2-3 1354 4T v 4 icB W THATDE W ARA ) o'~ — 1)
HNTa—TTHDBIERREINT.
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]

3

KWFZEClE, EERNBIOASA AT v e[ ICBT 2 ARE Y =< — BRI 2 HIg &
LT, ABF Y I=—%E L LEHNEA XA =P v 7T u—TOfFEEZ T, UToMAE®
B,

1. 51 ETlE, EfRTco ABAF Y I~ —0ERBRIBICE T 2884 A=Y v T a—7
DEAF% HI & LT, BODIPY FHE(AD SAR W5 s X LSRG 2 T-72. 6B 1 i
TlE, AB7 4 7V MEREE 7o — 7 LTRIHE 72 BAP-1 2V — L& & L7
SAR fff7E % U C, y FRGE % H 3 % BAOP-16 28 ApA V) o'~ —ioxf L &Rt %
T ERRABL £/, A4/ FaL—va vy 22HwzREhic X b, BAOP-
16 BN ~BATL, ABA Y o~ —ZEIRWICHIATRECTH 2 L 2R L. &I
BAOP-16 % W72 AR H A4 A — v 7 Cld, APPNEGFNLGF < v 2 FHIIC B\ C i
wﬁ%vﬁ%wﬁ@@an exvivo FHMiIC X U, BAOP-16 %3 APPNV-GFNLGF < v7 2 b Jfig
WD ABA Y = —ICfEA LTV S T R Iz, & 2 ficl, ikl A—v
Vﬁ“«a)ﬁiﬁﬁ‘l‘ét@ruﬂk%ﬁﬂ’ﬂk L T BAOP-16 Di§&EEFZ 1T, K&F - AL 72{t&
YD 5 H, BAOP-24 28 ARA V) I~ — T3 2 @ BRI MERF L o0, WRIN - 5
BEROREREMAS X ABA ) I~ —DRHEE DM %R L 72, APPNCOFNLGE <1y
2 DAY B % 7= # G BI 5 T, BAOP-24 13 ApA Y o'~ — A2 @#IR I e (a
TELRBEIN, I5IC, AEEEA A -V v T, E~7 R EHIEKL TR
WHN Y T IR LT, L EOFER XY, BAOP-24 2N ABA Y I —D
ERWBRHBICET 28 7o -7 LCHHTHE 2 EBRENT.

2. H2ETIE, NMATvRAICET B ABF Y T — OBRBRHIICE T 38 70—
7ORFEZ HE LT, BAOP-16 DGR Z{To72. ABAH Y I~v—B LW AB7 4
7V VE T TOHOERHE B X UOKGRIBEE IS 3 2 I8 O Rl ic 35 T, 3G A
L 72ALEYID 5 B, sSBAOP-2-3 28 ABA U I~ — TR 3 % i VIR & 72 KR
HEETLZIERHL2 LR o7, & 51T, sBAOP-2-3 13 APEEE AL L EMaT1E
T, APPNLGFINLGE <5 2 il kU)o 50T, ABA Y =~ — Z @RI I B ml g
ThorI RNz, LEDKRLY, sBAOP23 B354 4T v AICET 5 AB
F ) T —OBERBHICET 2N T e — T L LTCEHTHE Z ENREINT,

DLk, KW ARA ) I~ =% L LdH A A=Y v 7T a— T oRFICHE
ZIND=HDTHY, ZNODHEIL AD OFREMIH, FHIZW, HBERMERICHEE R
HHEriEiftdsboeEzrzon3,
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