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Design, synthesis_and evaluation of curcumin analogues toward amyloid peptide
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A structure activity relationship study of curcumin analogues for the
inhibition of amyloid be-ta aggregation is investigated. We optimized the o-phenol and olefin spacer
and resulted in the identification of the C5-monoketone type curcumin analogue AY1319, which
exhibited potent anti-amyloid be-ta aggregation activity, sufficient water solubility, and low
cytotoxicity. Inhibited amyloid be-ta aggregation lead to nanorod-like fragments by TEM analysis. On
the other hand, we found that curcumin analogues with the fluorescence property instead of
non-inhibition of amyloid be-ta fibrils. Me-CUR shows excellent fluorescence, especially higher than
ThT, in the presence of amyloid be-ta fibrils. These results suggest that Me-CUR can become a
useful in vitro amyloid fluorescence sensor for diagnosis of Alzheimer’ s disease. The docking
simulation showed that Me-CUR located in the inner site of amyloid be-ta fibrils and AY1319 located

in the outer site.



% X C-19, F—-19—1, Z2—19, CK—19 (@)
1. WFSERHAR S A DY 5

m bt 2z, BEEZER AT T % < OB T Y A ~— D BHFE N A T
HbH, TEWINA—IFEGEZEITIRREIT I e A FRiEAEAENDAERTH7 Iv A R
B AEEICEHELLZLD (EAF) THY, IANMOBERTZHEEEZLNATND, &
ST, 2O DOHFEANIBATERIE L L THIFRF STV DR AR TIEHW B TH RN,
2004 FF/NEFLIXT AL DERDTHDH I VT I NIRRT I v A R BEREMRE ., BEMBEE
FANSHDZ L 2WE LTz, ZHUIZ AT S URT YN ~—IRIBEEEM E L OER &N D
X oNFIZ o T,

T IR E R FIIEE R, PUBETENE, UGG 72 k4 2 2 RSt S,
F TR A FE SR MO TRV @FEEM, FEREAREM, V7V A FELT
ZHHRENTND, L LR HZDORLEARMETITGEAT 22 LN TET, I HI1TH
F LUV LTS BT ECH B, TORHAO—DIZ 7 V7 I v OMKEMENET S
Do TNT I TKROAIEENT E A EEIR LW T2 E ORI IER IZINEETH 0 1F5E
DERZYIT T e, EDTDI NI IV EERESE L AL LTI a— AR &%
HAE LIALERNERE SHREEZZRT TS, LRSI LIEE2 KESBLEET
BOENERE, ERE L OMAEMERZ ERICHEITT 5 Z EBRREICRDE NI T A v
FR3d 5,

ZITCEHIBEETINY I UHEEZ RE AT KREEZ N LS00 A%
fToT&TZ, BRI NI L UEEORHEICOWTIHE L, [LFERERMET 2 2 & THA 25
WIRZS, FHMli L7, TORER, NUBVBRIFET 2 KBEORE L BE S5 2 & 2VKE
PR BICEWRIERH D Z L& R L KR V7 2 2D 1000 5 DKM & FroKistE 7 v 7
2 U (HYCUR)DBAFIZAEN L=, AMEEMITBR 1727 I a4 N BEHEERE, 7 VW UHEE
PEHEH A LTV /= (Endo, H.; Konno, H. et al. Bioorg. Med. Chem. Lett. 2014, 24, 5621-5626.), %7-
T InA R B EAREREFE BACEL I3 2 HERS A L Tz (Konno, H. & Akaji, K. et al.
Bioorg. Med. Chem. Lett. 2014, 24, 685-690.), UL E/8 7 v 7 L /BRI T VY A <~ —JRfR AR
RO E /2 2 SO ZREL 5 5 alREEN AH S NALR ) — MEAWEMIC RV 5D
L EGEAT S Z L3 TE 72 (Figure 1)

BKGAME SH—LIFTIOAL KB e -
BOER/ F LY BALRREERENSD OIS,
BWFSAEVY , J hE
4
MEEE
eo « 0 /0”/ b 9 OH P OH™ gl o OH - O OH OH
A — FNF
NoS e s - : KBS LY 52
(CUR) Kegonoszo (HYCUR) < OH

Figure 1. 7 /L7 I V) BE NN T2 FER

I 5T, AFROMFE CREMRZIHE () SEFICHE L. 8LE T 882858 L
Tre 7= ) —MKEREE B A F v —T AL LTS R (MECURN IR PR ERE D 4 < 72U A8,
FUCRE S TRVVEOLREZ A LTV, 7 2 oA FESMHEORRERE L TRENR L DICTF
A7 7BV T(ThT) BHIF LMD, ZHEBV— 22 GOEAESCT I n A MELizZ&
MEAER SICHEEEE2 R 2 EnmonTn5,

2. WO ER

TIvA RNBEERERE L CTKEEZ VY I OBEIEEMREZITY, NUBVEBR EOK
RO, BLER EIZOVWTIEZ L DHIREETHNDZ LD, EHIZ20DOXRUEURE S
SAR—Y—F G HOWThR{b 21T 5 Z LI Lz, FFICAR—Y—2 < LIzEOZFEFIZD
WCRERIZRFTT 5, E7MIRA~OBIT, BFEmEtE, P CoREEE 7V gLk &
LAEDLETITI, IHIZT IuA FiEEH @R S TokEbz1TH, AHEAE L
AT T RHEOREEHEE R Z EMICHAI X 2L EMD o 1S E DTN EE XT3,
Fl27 T I AR EYORE & D WIFEREEAHERXOFEIIE LR THL Z BT
aAf RBEINT I VOREEHRKXE v R 7 RIOENCTHNTT 5, BRFSTTIIvnA K B
DURHEEZ AT 243 E L CRIARETH 5, MIFEARIE L L i +otEs A L Tn
%o REEZZITT D2 & TRERMIIES v MESRZT Ay ong <~ —JRaliEk & L CoFIH
~OMENDYWERINME (BEAE., i, IBE., fEHR L) 2OV TGERZRRF 21T 5

3. WFgED ik

A KEBEMEZ VT I VEBBERO SR ER. Ak & i ETEEAHES
BEFTIHBONTMREZ S LIZI VT I VBEIROBRG 21T T2, 2 DO UBREE
SAR—H—TEHF L CT TH Y, i EIEEL RRBEIT>TWD, SEEFAR—V—DE X%

€6, C5 XHIZC3 & LTz, TNENEG LIALEMOAKIT, RNa v f@E W=7 v R—IL K

oy BIEMETOT N R— VG N AT o Te, BoNTAbEMITT I v A N pERERE

TEMERRER . AKIAVERBR, WIIEEMEAER, T O ML EREERR, D 227 MLVHIEIC L DT I 1




A4 KB O AEETR, TEM HIEIC X 20MHHAE. 2 15REIC X 2L EREMRIT, Ry %
VI a b= g L EETENHITVRHE L,
B. FIvA NBHAZER LY A
—HTTEIFINET VT L T DN T B RERRO A RIE TITV, G E S ERRICiE 72, ThT
BRI ThT 2 W7V REE CoikBr, il (FBS) A W2 H40bM I ERZ S T{To 72,
C. NI IvbtraRY) 7HEO#EICEILT IaA R BREAEIMOKE
INTIVERNWCIZaRY) 7 EREITHN. T IS RBEDOUWHRRIZEIDZ7aRY 7
7ol Sz Nr v 8lbERHIT -2 (Figure 2),

o}
O OH OH
O OH OH ) oH
HO s A A~ N NN R Ho \
O = A eaa e
HO Ho
OH

OH cr-zar—y—517 Re
@ @ 72/ /Y 94T
(0] Rz OH Ry O OH 0 OH
N NF R HO N HO NNF
Ho = U0 ne (J
Re OH 2BLINLISY A
CoAN—Y 547 C3-ZR—H—5 17
Figure 2. /3 F&it S/ 7 V7 X URFER
. IR
C7 INT C5 A—H—%H T 2FHEMROEH TIL, T?%%%mwtpwmumvwﬂ»
MG 2R U Rl R S e s o CTEREF L a0 1% 40 FREEREE 1S WD LT, kX

2Tz )= IVIKBEEERET AR AT AT e N %%%%wttWﬁmﬁ W4 ITRE K
(bR A BTz, BB IER ARG ATk Z MOM =— 7 L e U CTHR#ETDHZ LT, X
EDIR T 22,

WIZWEIZF DIy C6 AN—Y—2 FT HH RO AT LT, 2,37 X4 X
VAT NT B RFEROT )V R— Ui G il izfr, LA EH N TEXZL 0D,
RINETH -T2, T2 T, 23T EZF DD b AFNrA—e L CiR#EL
TH ) UHEREER L, TNEHNTT IV R—EGEE21ToT-, TORER, FREDOIEREZ
52220 borotz, 2. ARISME T = /) — /WK ER R 2 (RE LT, s HIgIZ
HEITTHZ Ebbhotc, ZOHEEZHWT8HED C6 7V 7 I VB8R Ak Lz, Fiz,
AR | S BRSS9~ L A FINBRALEUS NI T L. 7 T VahiEiky — 2RI S h b 2 &
LAEDETRE L, C3 A=V —%2 69 55EK, +7hbbhlald J;Fles IZOWTIEE

CERBIRH Y . WML T T R R EITOVE IR CTEOLHFERICES Z LR TE
72(Scheme 1),

C5-0)L7 3 Y HEEDAR @ OMoM
MeONa
(0] EtOH o) OH
HO N =
MOMOD)‘\ )J\ Momo:©/\)‘\ OMOM O O
T IMNaOH 2) 5M HCI, EtOH HO
MOMO
73% MOMO 9% AY1319 OH
L-proline 1
)?\ OISO ) O OMOM
34% H B(OEt)3
B203
OH O DMP OH O OH O OH
MOMOD/K)K CHCle MOMO:@/\/U\ OMOM HO NN
2) 5M HCI, EtOH O O
MOMO 48%  MOMO 5% O
OH
1
C6-7ILY 2V DAER 1) )OO asupzvoa

JY

p|per|d|ne o OMOM 115 XN
. MOMOD)kH 1M NaOH, EtOH O
2) 5SMHCI, EtOH ~ HO
2) 5M HCI, EtOH |\ )

38%

O OH

OH
Scheme 1. 7 /L7 X UiFEIRD AR

WIZEW Lo FOKEMERR, 7oA FBRERLEFRRZIT 7, TORME, 730



A REEEMRHE L KEMEIZIEH E VBRI EEHALNC L, Lo TEYFHREOE) S
KIBEDENMEE W E FAIE & L CGRIRT 2 Z L3R E 72 D) . T A ~ —JRiaidE &
LCHAREMENHIT LB Z TS, FIZ C5-E /7 h 72BN C5-T 7 R (2,5,3,4-7 K
ZEe PRy R U7 2= VFEERRIVHERE G270, — T, C6-T7 hrFHERITONTIE
AREMEOBEERMETAR LN, 7 I A FBEEREENRELIZE AL RZIT bR T-,
ZHFS TP HEEBICALE S D 1,2-07 L. RO IEDS R Z & ITER S
B0 LFERST T, C3-F /4 b UHEIKICOWCIEABEIIRES NS DD, TIaA
N BRI ERN RITR & 7202 > 72 (Figure 3),

e R g J 5, e

Figure 3. (a-c) Negative-staining TEM images of AP aggregation after 20 h incubation. (a) AP
alone. (b) AP aggregation with ThT. (c) AP nanorod-like structure with AY1319. (d) CD spectrum
of A nanorod-like structure with AY1319.
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Figure 4. (upper) Negative-staining TEM images of A} aggregation after 20 h incubation; (lower)
Fliorescence images of A} aggregation after 20 h incubation.
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Figure 5. (a) Binding pose of AY1319 in the A fibrils; (b) Detailed view of the docked AY1319
structure and the interacting amino acid moieties within the binding site of Af fibrils.
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Figure 6. (a,d) Binding pose of CUR in the A fibrils; (b,e) Binding pose of Me-CUR in the A
fibrils; (c,f) Binding pose of ThT in the A fibrils.

5. ElpRFimLE

(MERERmSC) (B 4 4)

. Hotsumi, M.; Tajiri, M.; Nikaido, Y.; Sato, T.; Makabe, K.; Konno, H. Design, synthesis, and
evaluation of a water soluble C5-monoketone type curcumin analogue as a potent amyloid 3
aggregation inhibitor. Bioorg. Med. Chem. Lett. submitted. (7t H)

2. Sato, T.; Hotsumi, M.; Makabe, K.; Konno, H. Design, synthesis and evaluation of curcumin-based
fluorescent probes for the detection of AP fibrils. Bioorg. Med. Chem. Lett. 2018, 28, 3520-3525.

1




DOI10.1016/j.bmcl.2018.10.002 (& FHiH)

3. Sato, T.; Hotsumi, M; Konno, H. Design and synthesis of curcumin analogues as probe for A
fibrils. Peptide Science 2018, in press. (fwt A )

4 . Sato, T.; Nikaido, Y.; Yamada, R.; Konno, H. Design and synthesis of curcumin analogues as probe
for AP fibrils. Peptide Science 2016, 2017, 201-202. (&£FH:H)

CEaER) G

1. OFffE H=H%E, Ek 250, B £33, 4% 817, ON/OFF #tEIC X v a2 HliH 35 AB
BRI DT OFHL 7 V7 I LR T a— 7 OBk, H 26 BILTES T4AYY % I+
— (2018411 A 10 H, W, IWEKFESE)

2. OfciE%it, FREHZE, 45517, Development of curcumin analogues: detection of
AB fibrils and its aggregation inhibition. £ 54 [F]X7"F N&fima (2017 4F 11 H 20-22 H,
B, KBFSLK)

3. OFffEE Mm%, L, —PEmH, S5EIT, KNS ABEERESEZ A bR
IV X UEROERE, BHAIEL ML TR E OEE Y (201747 H 29-30 H, KHTH,
LOIEAR B

4. Ofefé%in, —BEwfmF], FEEEHE, RBER, 28T, APRREMRF R A LK
AT L7 V7 2 UFEROBZE, BAELZ MDA FIIEEDEE Y (2017 £ 7 H
29-30 H, K&, HOEARHNY)

5. OB T, —Fam#H], EEEE, 7 I oA FREBEMKICHEMNICHEAST I 7V I Uk
B OBR%E, HARREZESRS 2017 RS (2017 453 A 18-20 H, mUfbH, AL+ K5)

6. OS5 Bl T, —FaEmF], L, 7304 FREERICHANICHE T 7 V7 I U
WE OB, & 24 BB FAEWFE 27— (2016 45 12 A 3 H, #E6MT, (LB KFETER)

7. OfEELEE, B HFH, S8BT, 7 I uA R BEEREHRHT 7Ly I VRIS
0 — 7 OBR%. % 53 [E-XTF FEFRE (2016 42 10 A 26-28 H, ki, mi#T14)

8. Ofepk% i, —BEwmF], WM SBHET, ApRERRIMESZEI VI I T a0
%, A8 B T T REOMME (201647 A 31 H-8 A 2 H, \NETTH, K¥EEIIF—
N\ 17 X)

9. OfcikZit, —MEamF], (LH7E, ST, ABEHEMRFFRMICHES LAtz 571
7 X VUHEROBFE, BAIEE DA TR E OEE Y (2016 /£ 7 H 30-31 H, |lET, =
a2 —H T EIR)

10. O BEuemF], ELE, S BHEAT, Amyloid B IZHRMICH S USRS 717 2
CERME OBRFE, 5 2T BT AIIGB T AT T A (2016 4 6 A 28 H, e, ieEEEE
A=)

11. OA BT, Amyloid B ([ZFFRMICHES UIEEHIEIT 2 27 v 7 I U EE OB, AR
SRR TSRS (2016 4E 8 H 26 H, AR, LK) fRFF#H

(XE) Gt 0ff)

(PEEM PEHE)
Oty GE1 1)
KT VT S ERER
B - A BT
MR« 1R

FEXE  HraF

&5 1 2017-033516
HIFESE © 2017
EWNADOR] . BN
ORI GE 0 #F)

(Z D)

1. I<FvofEER_RSTELS )] BESF YT A7 HP TR ISz,
http://yumenavi.info/lecture.aspx?SearchMod=10&Ser Kbn=X&Prold=HTML&Page=1
&GNKCD=g007941&From=YL, 2016 4 6 H 13 H.

2. R— L=V
Konno group at Yamagata University http://www. bioorg. yz. yamagata—u. ac. jp
WIIE KA ZEE RS http://www. yudb. kj. yamagata—u. ac. jp

6. HWFFEHLAR
AWFZEIIMEAMGE TS D 7= ORI E . e oA X7 E L,

MEMIFEEIZ & 20813, AFEE O B & HEICBWTHERT 2 D TT, D7, BT FM LI FEM R DARFIC
ONTIE, HOEFHEICES b0 TIH AR, ZOHERICE T 2 RCHMEIE, MIEHEBEACRBESET,



