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2,3-dichloro-5,6-dicyano-1,4-benzoquinone

Diisopropylethylamine
4-dimethylaminopyridine
N,N-dimethylformamide
Dimethyl sulfoxide
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Enzyme-Linked ImmunoSorbent Assay

Electrospray ionization
Ethyl
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MALDI matrix-assisted laser desorption/ionization

mCPBA meta -chloroperbenzoic acid

Me
MeOH
MP
MS
MS4A
NADH

NMR
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r.t.

TBAF
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THF
TLC
TMS
TOF

pyr

Methyl

Methanol
Methylpyridinium salt
Mass spectrometry
Molecular seieves 4A

Nicotinamide adenine dinucleotide

Nuclear magnetic resonance
potential Hydrogen

phenyl

Phosphatidyl choline
phospholipid
p-methoxybenzyl
triphenylphosphine

room temperature

tetrabutylammonium fluoride

tert-butyldimethylsilyl
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tetrahydrofuran

thin layer chromatography
Trimethylsilyl

Time of flight
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water solved carbodiimide
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W i T7oruLA v EBLA L RAER

AHEY) GG, K. MR, BHIEELES) OMRBER & N a D% ) & F6 4§ 2 AR 7 L
TeEFo7 7uL A Vit FEHICECEEZFELTCwS (Fig, 1-1) "% 77rL4
E BERNICEET A IREHE, RV T Iy, T BEOEEKS TP O bEET ST,
EZIR TEEREME GO L LA L AEETICE T, ARETE (V2 — Vg
PV VUVEE) AT 2 REICN LT X OHAERIGOETL, T/ r LA v RES
T2, 7, MEANOE ) 7 2 VIBLEERIC K > TRY 7 2 v OELaMET L, Ky R%E
BTrraL A vRnHEETS, 2LC, 7704 vOEFEENERTS L, BB k)
BHA DERS AT LDORE - RBEZIZRITEEZONTV S, ZOIRBMEIHIZIX,
TraLA Y ERLRBILA L ARE EOBRMERZ L RVTHET S 2 EEE L
%

external factor internal factor

O ROS
\/“\ H H202 -OH
D Acrolein €=
enzymatic
oxidation

threonine

increasing level of acrolein

N\

cause diseases

e.g. Alzheimer’s, Parkinson’s, cancer,
brain infarct, arterial sclerosis,
spinal cord injury, cardiovascular, etc...

Toxicity of acrolein
is related with
its high reactivity.

Fig. 1-1 77ulLA4vo¥ttzoik



TrRLA VI, ZONE B TREE (C32=y ) Oofic7r7e FEE KOG
VTV E Lo EBDOREFEREZEL T3, 2070 JEMICELEOEEZ R L,
e kBRI KIS T2 EDAoN T2 ™ (Fig., 1-2), REZIE, ZV 08
EHRT 27 I ) BO—D2THET7AX =V ERBLEBRICIR. ZD 77 =P VIHBKIG L.
6 BROMMEZAERT 2, FHRIC, 7 VBOY AT A v L3 F A — NIz L
MAEZTEET %, £/, VY EDRIBTEBBOFDPE2E2 5%, 512, ¥V 7B
Hcdh, TAFLYREE (DNA) ICEEFNDMBEIRN & KB L 2Bk, 71¥=
v EFRROBIRMNIMEZ 525, oD 7 LI IMMUKIEDMIZS, 77l A v 20 L1k
EERGTRE (F BB XOKBS) orur) vy (BEL) Z20eET 2 2 LEnE

ZbNb,
Acrolein markers
Ly K L)
|
- R‘I)J\/\/\ﬁ NH2 R1)J\’/\/\N)\N OH
Acrolein: e N T NN
Mechanism of toxicity rginine y
(o}
Ry SH

- Protein adduction

(0] O
BN
Ry NH

_NH
Rz™  Cysteine

- DNA adduction
. Lo (0] o
- Protein / DNA crosslinking |
NH; N o
R1 Ry
. s ~NH . _NH H
- Increasing oxidative stress level Rz Lysine Ry FDP
- Inflammation and immune alteration
. R . OH
- Mitochondrial disruption NH,
X 0 HN'S "
N™ H \/KH NN HN™N” OH
- Membrane damage dR-\ S0 — or N
\=N dR‘N S 0 dR\N 0
\=N \=N
; . deoxyguanosine
- Endoplasmic reticulum stress (dR = Xgoxy,i.,m, 1,N2(3-hydroxypropano)- 1,N?-{1-hydroxypropano)-

deoxyguanosine deoxyguanosine

Fig., 1-2 77ulLAyv:EE&oTtroRity



TruLA VI, WBOFECKIGHEE o & LT, ERSTOARKOAE R HEL .
e DEREROBFE LI ESEITEEZONTVE M, L ZIE, Ty NA 2—HE,
—X VYV IR, DA, INEZE - DEREZE. BIIREELFEOFAEIC T 7 a L A VB L T B
ERBINTRE P, 200 A, 7r7uL Ay ospRERRIZ, BILA b L ARBORIE -
WETEZIRL | BREANE DR 20 0EEREREICE 2 *¥, Zng T, L ED
BALA P L A==t LTTr7uL A YICEHLEOEER, LYbIRtEZRLE LT
FRBRLTE 7, R, 770l A vyOEMPENZIREZHG 2T 228 L T, WD
DDITN—=TIZ X > THEANIATONTE R ™Y H o7 7u L4 o, R
Mck23-73/77x2/ =W 7-tFuxsx /) ry~OLBKGHHHINTE
(Fig. 1-3A) ™% FkHEMIZ, 2, 4-¥=tu7z22) e FI3Pv2HWEFEY
fEbHweNnTEL"* (Fig. 1-3B), Z06DFEIFINd, KIGILL%BICE
Wtk < 27774 — (HPLC) ZHOTHBIEHIEDS L CIFEOGHIEZ TV, 771
LA vEZENT S, LoLl, RIRTHRRZEM T2 Vo L WRIGEAETH S Z &,
7o, MO TAFE FEETTO7 70 LA ST 208N (LEEsem:) o S 50353
e LTEITFoNn5,

HO NH, HO N analysis by HPLC
\©/ H,0, 3 N HCl \@)

. 10 min, reflux L
3-aminophenol 7-hydroxyquinoline
(fluorescent compound)

(1) Alarcon, R. A. Anal. Chem. 1968, 40, 1704.
(2) Kroemer, H. K.; et. al. J. Chromatogram. B Biomed. Sci. Appl. 1997, 692, 163.

N-NHz o HaC. -No

O,N VKH O,N ]
> analysis by HPLC
CH4CN, 2 M H,S0,

3h, rt
NO, NO,

2,4-dinitrophenylhydrazine acrolein-2,4-dinitrophenylhydrazone

(1) Boor, P. J.; Ansari, G. A. S. J. Chromatogr. 1986, 375, 159.
(2) Buldt, A.; Karst, U. Anal. Chem. 1997, 69, 3617.

Fig., 1-3 77ulA4vyolEENLHBEEI]
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FRo &) hEERE 7 v 7T 7 4 =2 TS, WREE OEMERE SR E L
<. BEfHEGEEZ V2 FEbEINTERL (Fig., 1-4) " ZohTid, #HBL2H
NHEEHTH2F AN F7u—7, e F I3 VifizGT5vA4 70— X2 HXKES
¥, BREBICHEEHEIC X > T 7eL A, vE2HNT 5,

H H

o N O N <

\/\SH 5 O—NHNH2 \/\S/\/\ll\l

NH
hydrazine

O \)]\H microbeads O O/ fluorescence

COy cO, S .

2 PBS (pH7.4)  PBS (pH 3.5) 2 immobilization ~ dletection

O \ 1h, 40°C 3h,40°C O \ on beads
\rlu o) \rluj SN o) SNT

Togashi, M.; Urano, Y.; Nagano, T.; et.al. Chem. Commun. 2014, 50, 14946.

Fig., 1-4 77ulAvyolEENcmtE?2

Flo, INFTRELADINV—T7TH, MAKERBLZT7 70470 FDr2 ) v o
KitzHwT, 77014 otz fioC&E&%k (Fig. 1-5) " KtEEHTH2 7
Vv 7RO T EEREOE S 2R L, BLA b L AEMEE LTY N a ek
2 o TEKICHEZ 5 2 7B A LT, g6 7 Y F7a— 723, A
M ko770 A4 VDA RXR=Y Y IR LTS, 20U E D HPLCZRNEE

AfifEO 7 70 L4 L)L E 20 F FIHMiTE 2 FEREBFEL 72,

. H
Previous \

N
[ SN
our work @//{’v/ Acrolein YARNE

- w H Flu _N3 k CHO

0
— > -
/ K 1.3-Dipolar =
-y

H,0,
"Click" Detection
\.---) — N,
\ -=_)

Pradipta. A. R. et al. ACS Sens., 2016, 1, 623-632

Fig., 1-5 77ulAvolEENamtEs



— . BRIV HIETIZ, 77 u LA v E ARG ToMIbEY % TS % FikosH
wWonTws, 2OREH L LT, AFERZONHE L7V 77uL AV
LRI B EICRET A7 I VEERIC Y VB DY) ORISYIC O WTEHE L Tw b,
2ok, BLAMLA2—A—ELT3-HLINV-3, 4-FFrEXRYL Y (FD
P) 1 o MEINTVE  (Fig., 1-6), IETIE, A7V —=79, ¥ 30E
LEOFDPHEELZZHRT 2E/ 70— F AWPUEEMER L, ¥4 754 ARt L 2R L C
ELISA-KIT#ZWERMLLAE ", "M A=A —LLTCOFDPHEHIZ7ZZ7aL 4D
BRBE 2 BN LR T TR L L COERICENRTE h . BRI *". 71 yng v —
WO HSA T OBERRE T B R T EIME T 2 I U D & T AR A ERE -
R Z2HETHOIHHINTVE, $h, TEREOHTR—EHEEZDO 7V — 715,
FEFBERARYFv— 73 v 77—, 2L, ZOF DPHURRIE L hD N A 42—
A —iHiiEZ fHAGE 7 T CUBEZE ) k2 %EL T35, ZokHic, B L

ABBRMMEICEWT, 770l A4 VEBIXVOZOBLA N L A=A —IIHEHBEFEFDOOH

%
ELISA assay
immuno-blotting
O
o NH., \)LH | iii
RVNHZ - R\/N
HN? etc"_ CHO
FDP (1)

biological amines (= 3-formyl-3,4-dehydropiperidine)

(1) Uchida, K.; et. al. J. Biol. Chem. 1998, 273, 16058.
(2) Uchida, K; et. al. Proc. Natl. Acad. Sci. U.S.A. 1998, 95, 4882.

Fig., 1-6 77ulLA4v-73IUMIHAFDPIZHT 5Pkt

— . BADODITNV =73 A7 ILTE FET7 I VEOERIGEICE L TR 2 Ed
TELY, 20T, 770l A vyBR7 I VEEECLICKIGL ., Fiaan4 2/ [4

+4] BLERT, SERZ5Z3KIGZHRELTVSE P (Fig, 1-7), KKIETIE,
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TIRLAVET I T7Na=N (BIZIE T4 V87— 2) % KBS GAICE,
A 2B L. ZDaFHNOKBEDTEWALSIRIC L > T, EEr o %A IV LD
BIRFZNDREAIMBMEE S N, 2 0 TRISEL»IET T 5, 20%, 73—z
GUMRMEZ A L 8 BRILEY 3 252 %, FLFAKIC, KEMEOF RV LT S v
4 2GS RTGEICH . FARIC 20 FOHEA 2 v, KBEORD D ICREDO 7 I VI
LI N5 2 & CBRALMTNDSETT I 5, Z DR, GO 8 BERILAEW S5 25252 ¢
ZREICEIL Tw 5,

activation! stabilization!

o R !

acrolein \'/_\N/ N>/k
OH R
R
R 3
- R 4
En Bn,
)Ol\/ BnNH, (4) N 2 A fNBn
H > én \/_;/ > N
excess é N
L n. - 5 Bn

Fig., 1-7 JBXWA3/ [4+4] Bk

CO kYT, BIFRAROMIGESE T, FDP ESEBRE W) BA 3 BRI HE I T
2 EICRERBLER G, 2L T, 772AaNT [4+4] Koz ETEELTI /T
VA=, AR FIcFENICHEEL TS, 22T, AT S b FEBICAERNT [4
+4] KEZEILTw30TIEhwur MLz (Fig, 1-8), 22T, EFENICEK
ZAFAELTORRIBHEEDO 7T S VE, Z2ohThb7r7ul 4 v ORIBEIRIZFHNG
TRk 7 2 /7 7 a— vz He T, AW RBEEFER 2179 2 & 25 L 7%,
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previous research

(Uchida, K. et al. 1998) (\)\
= A/N CHO

3-formyl-3,4-dehydropiperidine
NH
9] A/ 2 7
H Jl\/

(FDP)
|

acrolein -

formal [4+4] cycloaddition
(Tanaka, K. et al. 2014)

Fig. 1-8 77ulLA4vE7IvoRInERY

AFETIE, FUDICT7T7a L A v EEESFE. Blo7y S VvEEORIG%Z FHERNICHEE
L. 8 BBMLAYO LN COFETREZ A L7 (Fig. 1-91), $6ic. 8HH
BT s D 2T, Tu LA YA F D P oA ZH S I Lz, LT
FIRFiC. F D POt & L5 imino-cycloaddition

V% FHIL. F D P OFisl i ss ks \)N .
74 AN b
< j . O

ZRHMLZ (Fig., 1-9%), £,
C DIRTLIG 2 AL R L P
\ U S
v vy METTEDRETEIC DT FOP et
research >_<
oo IoIT, BRICHEET S FDP 2% topics o )
gj reduction

biogenic

JuAl & UTHEM LT iR o itk

NO, NH,
Wb B, K F DPOEEH I EA & chemical o
KX, TS DR - IO L tool @ @
THACHET 2 (Fig. 1-9T). 222‘}?;&2’(;‘3:‘, \ j
fluorescence
CHO ;!5 O\

Fig., 1-9 AWFEOBIKK @
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WO 7r7ualLA v ETIVONIG

2-1 770l AV EEET I TINa—NVDRIG

i CiiR7- X Hic, WA DTN —T7 DT, LT FIC KBTI vd [4+4]
KIGZEITIEZWHEMI L, b L7 7aL A v BEERNTHRAE L 2BIC, THEIC7 S
YBRELTOIUL, T7uLA v EAERT I U [4+4] KInZEBIERITOTIERY
DEMELL, 22T, 770 LA VY EARNICBSESCHEEL 0L 7S/ 7 va— Lz
WC, LB A MGEER A L 72, 3. AT I ELT BR#ET7 S/ 73— TH
BA7 4 vaAvyERMOTHETSZEELEL (Fig, 2-1), A74vav i, £
BB & L CEEICIRERICHERE L, MNOIREA 74 =% — & LTV VLR Z N L
THIES AL R RGO AR ICOEET 207 Tbs *, Mo kHic, 77rL A v
FTEEBEREEORLA F L A K> UREBE» S EET 2720, IRERICEET 2 A7 4
yavyRTruL Ay EARNTRIGT ZAREES I ES NS, 22T, EBEICT
JRLAVERT 4 v IY V6 LORIGEZRIT> T, ZOFEE. 770LAYDT7LVTERE
KOT7NVTr v DER LT ' H-NMRZRL, AP INETREL TS A/ [4+4]
Kz k> T, 8 ARG 7T WERNICE SN e, 7o, MERERRESY T 1T L T
LiAIH,IC Xk 2380%21T79) J L TH—ME8 ~LiEE, SHRAEMYZHI O,

13



acrolein

o N
@ + several regio- &
(0] stereo-isomers

N
LiAIH, HO
uant > I 8
a N OH
\/\/\/\/\/\/\/\_)/’

8 (EJH 8-membered

Fig. 2-1 77ulLAvER74vTLYDORIG

RIZ, RREEEZF 27 S VO—D2TH 2/ V7 FL Y vEEHOCRMBRICKRGET
il (Fig., 2-2), /A7 FLFU v, BICPRRERIC S 2 fiiiila s S 5 i
. e X OHIIEICEE T 20EE - RY 7T I VICHRT AT 70 L A v ERIBT S
AREERSEZEZ 53 “, 1ZLDIC, /LT RFLFHY vy 9a Z2RIGICHGEBIZIE, vy
BREDOE GO KBILIC K D XY OO I D2 ( HEHD L TL £\,
RSB R TH 7, 22T, VL VB ERZTRTAEICLDBERL 27 ULAEY
bICKDBGEEST 22 L L L7, ZORR, WD R 7 4 v T v ERMkIC, 8 BERAKY
1 0 WERMNICHONDE I L0 D UEEE 3% THIGHE L 1 NEEL 2 L TEZED
O, TRk, EENDOT I 7 ra—Lick->TH FDP Tzl 8 BABLam s
SNTL BT EDBHEDIC RSN, 2O LS, HERHNTA 2/ [4+ 4] BHLRIGHME
195 2 Eml I N,
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OH
noradrenaline

HO

9a HO NH;
» decomposition

o 9b HO NH; O N
HJV% : - w;i "
rt 30 min, quant N (o)
10

Fig.

TlE, Lo ok,

INICEZEBRTIISBERDPBIHSI NG, ODTHA I, Tz REFICE W,

K¥srltelz,

2-2 SHENPSFDPAOZH

HO N
LiAIH, [ ]
Oﬁ 8
63% OH

TCNFEFTIEFDPOAERBHEIN TV

N

11
8-membered

2-2 FruLAvE LT RFLFY VEEKRDKIG

ZHphrbod., 77 A
X508

zZTE5c, ERLE-SERILAYHBICEH L THEELLEZ A, BREVWNRZE 5

ez (Fig, 2-3),
BUL&Y 5

9. 770l A ERVYLTIVICEDERT S 8H
ICEH LT, Sl AR 2ED Tuok, H5H, EBED LICKEL TdH

STBEREFEDY L2 Bo, BRANTON L THASB I LI LT, ZORE, Bk

hra=<=tr+27574— (HPLC) #F¥— b3k (Fig.

RO 8 BE{LEM B o —27 (t =1 258 25, FTEBAD X 5 ICFEF#HI

2-3A), EBEDH

W BHIED

E—27 (t =36 ICBLLTWAIEHAALL, TNZHPLCICXkA27H, &

15



S (MS) ERIERIENE (NMR) @227 FVHIGE % hulal

1g.

Bn

\

N
Bn
N
N

G fRT 2Bl T o e (F

2-3B), BHBDOMBH DR, FDPDOA I viEEAR]1 2 a DiEEL2HfEETE -,

hydronS|s @\
.NBn BnN CHO

~2 days
\ >95%
5 Bn FDP imine (12a) FDP (1a)
*Identified by HPLC, HRESI-MS and 'H, '3C-NMR
A :
| Bn\N t=0
=\
\
| N
\
Bn
T S, S P
100 150 00 250 300 35 0 win
HPLC chart (reverse phase) t = 2 days
COSMOSIL 5C18-AR-300
CH;CN in H,O (Detection at 254 nm) N | _NBn
Q
*background FDP Imine -
L e N D e
10.0 15.0 20.0 25.0 30.0 35.0 min
B
t=0
Bn‘
N
Bn
N
NS
Bn )Wk&
| t =2 days
BN _A NBN

Fig. 2-3 8EH

X7 bV (B)

75 F D PR DL,

HPLCF+v—1 (A). '"H-NMR A
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IR OGN 2 HEFE DD LT 570 MBI K VEEMARZIT) 2L & LA(F i g,
2-4) ", RV T I RMSRERE LT KBAY Y LAFEEFT2-(2-70ELF)L)
-1, 3=-UAXV IV A, 7y —VIE#EKRS 1 2ERBNICEL, T, 4N
WBICk>TT72y—LZ2BREL, PT7LF e FIER2FEHRE. 2TH7 VR = LRIGIC L >
TFDP1 a#%#fk, 20%, XL 7 I v2EHEE, FDPOA I viFEk]l 2 a %
ERNICEZ 2 ENTE X, BIADTHU &EABEMD 1 2 a ZFA DAY FLICX DI

BT252LT, T HEED—KE2MEID T,

S

Ph NH, > Ph N
~ K,COj, Nal NTNNO

quant O
S1
4N HCI
dioxane-H,0 CHO @\
—
quant Ph\/N\/\CHO Ph N CHO
1a
BnNH, |
- NBn

quant Ph N ~

12a

Kic, RV 7S VHRO8EEL 3%2fRs 2L (Fig., 2-5), ZOfEH, 8
HE1 3128 WT, 'H-NMRAXY M VORERZMNMDRD 5N te, TL7zET A, FD
PH§EICHKT 2 Ha (09, 4) BXUOHb (07, 2) OE—7 280 (0-24h) &
FTHII L T a 2 EAVHIBH L, 24 BFIBRIC 5 %FED F D PEEEMA 1 4 ~OE B EH
dnf (Fig., 2-57k), itk SHBUYLAWIE, 7 I+ — VIO LEKEICE >
TEPDEEZHL DD, SEERPSMLA ML A —A—L L THISGNT WS F D P&

ANERBIIABIN T ZEDBHGLE R ST,
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| I

l|
24h _ ja ) i J/ L’,UJLJU \Jv{,‘f”' a

.

2 1 ppm

T

| T R e T LRERES T T T T

9 8 7 6 5 4

T

Fig, 2-5 XRU7Iviliko8 BBLAWD 'H-NMRHEKFART Fv

COEMIED E > T, 8EERHNO 7 I+ —LVOMHATH 2 EHEL 72, a8
BENNGE S CTld, 7 T — L REHE DB ICME L TE D, 70T APIREI VD
D AZIFERMICFDP A I T2 (Fig, 2-6A), —h., KU T I Vilko
SEBTRATOTAIWNI VALY, ZHIEEEBKIEVETL 2ot Eions (F

ig- 2_6B)o
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A

Bn
\
—> y
Bn
o > "@\%x
[ 8 g@ 2 days Bn
N
\
Bn

> 95% X =NBn and O (FDP)

5 (12a and 1a)

()
O - A
N \\) R?

H
.3 R2 — 3(\,74\/N\/\/NH2

2 days
~5% of conversion

Fig. 2-6 MMADSEE”SFDPADEH

Rt ZHicont, PRINZ S FEAROBEEZUTICORYT (Fig, 2-7), #
Gt 8 HBEb 2l & L7GAICiE, 97 I F—fiicn LT, 26 DETOM
Lt L. GBI OBRIC L >TT 1 BERT 5, 510, BERMEEZ >TT 2 ¢
EHWEIN, Z L TEEDPSOBTOMULIHLICK > TS ERMHAL. T3 %5, fit\T,
T 3BT 2 a MipHFEs» S OREMM, 6 BERANDEBZEL OBRICT 4 ~NeLfizh, ®

A, MRS EZFET, FDP 1 a B3R T 2B HE I N,
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@ Qm fQNHBn

5

BnND 0 hBn FDP
o H NHBn BN - BnNH, R
a — n —_— BnN
~ ~ n
T3 T4
Fig., 2-7

HE XN 2 8 BB 5 F D P ADL T2 bk

Fonffr s, ROEERFIEESNL (Fig

2-8), FDPDOAEKIZIXZ, =
NnE Tl

~ —
>
N

rout eADXdIc, PIvETIRLAVDO2BREDOA X AAINOK, ¥

PILVTE FEDGTTHT IV F—IUiE&EIc X 3 EBBE G INnTEr ', LrLl, #2077
FT%<, routeBDkIlc, 77ul A4 v Ee73IvneA43/ [4+4] BALKIGIC

X2 8EEZPRAE LTRIL., FDPAELHMINS AR OFIED R RE I
route A (Uchida, K. et al. 1998)

o

CHO

Intramolecular
R-NH, aldol

/14-additon R’ \//\CHO }‘

O\CHO
acrolem
\\ [4+4] 1 /
R-NH, —‘K

route B (Tanaka, K. et al. 2014)

Fig. 2-8 FDPDOAERNERER
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2-3 /ME

TI7RULAVYBAT 4 I VEOREAT S v eI KB L, FiakEAn (4 +
4] KIgZzEfET, 1, b= 7¥yrut sy vu25252 % Ho»icL (Fig, 2-
9) . ZHUCkD, EEATO [4+4] KGoREEZ L7, ¥561, IN65D8H
BiLawIE, BILA PLA2—A— L LTHUEIPSASNT WS 3-HKLI V-3, 4-Tk
FrERYYY (FDP) NEXEICERIN T ZEEZHS I L 2, EBITERNT
b HIHI2, 7ruL A vikenT /g oBons 8 BB, A - FE(L
LTLEERFDPANELHIN G HiBlZ RN RSN 2 E L7z, RiTiso X9 k&
YA T Cld, ZER F D P2 HEERE SN TE D, ALE TR S 1 vk
THH8BEPINETHBIINTELLEEZEZONS, —T7, AIZETIE, I oITHEL
T TGRS ZHEL, 79 22N RG22 lcBiggcx 729, FDP
LR OMINIc O Nt E LN,

O “high reactivity of acrolein”
H J\/

acrolein
- . - | unstable
o h ] . - .
HX x N intermediate
\> /N N\ Discovery i A
> > 8 ).
N\ [4+4] N X
: cycloaddition
. re-cyclization
p - ~, Discovery i Il
biogenic amines production mechanism
HO NH,
noradrenaline
HO |
X X OH
g FDP
sphingosine NH;
and polyamine, efc. “oxidative stress markers”
\_ J

= biological indicator of acrolein

Fig, 2-9 770l AVETIVORIGDELED
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I, FDPOPBLIEELHEINTEY, SHEAH L7704 25D FDP A

N

DEMREHICBIL T, 727uL A v, 8HE, FDPOZnZznoWit - EWIEHEICHT 5
Tex DIV — T DIZERERD & DUF O A KB~ OB 523 PRI 2,

LA L RICkoT, HEEOECTZ7aL A YERT 2, 2o Tid, BLA L
ABEDOFIEIC DB > T, ZOREIC, 770l A vP—HoEE7 I v ERIET S Z
LT, 7ruLA voEtEepil (EEL) $2 (Fig, 2-10) . £/, EEATE
L7 S BBLAYDE T 32 EMTEEBRAICHS Itk oTw3, EZIE, LD
— 7Aoo F T, RY 7 I vic kb 8 BEILAEWA., BNDE R+ MEHiIEE IS/
LCZ OO Z G T 2 L Lo ZHRPT A YN, 2 —IROFEKE R L7 I a A FR
7F FOBEICNT 2HEDREZH LT I ERBICHHLTETwS, 206136
D7 7RV VEEIZLDZERANDY A= 2R T 208 (BEEH) 2%l w32
ENfEI NG, 2 LT, WA SHRMLIES (B, VigLIEHEZET52FDP
NERENMEING (Fig, 2-104) . 2OXHIC, 77aL A VHAERIC, TR
ZHOTENETNDARAT —Y TR & 2 K7 UL o BEGIHS 27 L 2BE>Tw 5
CEBHEING, ZI0LI6ICMAELZED TR o72E 2 A, F D PICIEETIGED

ol )
HoN N NH NH,
N ve SN Ny
> DL — .0
HJ\% /l/,/ (N N :/\/N\ CHO
i FDP

acr?lfln. ) NH, HN \\)

- cytotoxietty - Stable biomarker
- regulation of cell-growth (epigenetics) - Anti-oxidant
- inhibition of fibrillation of AB40 (Alzheimer’s) - Redox potential

HDoTWABIZEHHHL 72D T, iz XEZ DT 3,

Fig., 2-10 77ulLAv—73 kDL

22



BEE MMLA L A—A—FDPZHMHL 7 AHE TG

3-1 BALK T &R & BLETCROE
INETIEENOBILA ML AREY., Fric7 v - 77a L4 ARy <D
PEEEINTVE Y Z2odicid, FTERFRERY Y UHEEFOFDPIMA, Ih
BESIMRESNAE Y Y=y LIS (MP) bHEiShTws (Fig, 3-1) , &
HTIE, 202000 o EiiEIcEH Lk,

z
L
A/[\O\CHO A/N N R
FDP L

“oxidative stress markers”
= biological indicator of acrolein

Fig. 3-1 FDPrvEVYUY=w2LiE (MP) HiE

XT, FDPLOFHED I PP e FuE Y P vBRE2AET2aF vy 7F=v 27 L
9 F (NADH) &, RADEAEITA L LTl ZermonTtws ™ EENDRIE
MHZIINADHEMEE L L CHY, BFRZZ2BU TRL 2 ERYE OB Z TV,
LENOBALL ~ Vo FREEH2H ) &#Hz 7L <Twb (Fig, 3-2), MEkolt
226, FDPOBEILKIGZEIL I 2D TiERwr il 72,

.

I©\ catalysed by biometals N| \
YN CONH, % ~F  CONH,
NADH NAD*

Fig. 3-2 NADHDBETKIE

W, RN ZEICNE., BEASEOHMA L L BEEE L KET A ZHAGDLE S
ERHwesns (Fig, 3-3), L2L, ZV—=v7 7 IAMY)—D8EILS, ZETIC
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MEICE B L BRBEMRETITONTE LG Z AR T FICL > THET L 2 EPEENRT
VW5, Tl AR, BEAEE G2 2 L S ARLEYIC K > TEILT 26 & LT, KAY)

vasicinedZEFons, vasicinelifg{btEEGELZE->T, =Xy
CVRET I ) RYB YN LRIET S C LB STV,

transition-metal-catalysed:
Ru, Pd, Au, Co, Fe, Cu etc

/ N

Reduction

NO, \ / NH,
e

vasicine OH

utilizing organic molecule
(natural product)

Fig. 3-3 =luioEnkE

22T, FDPVFRICHEBE A E L@ g2t L~ (Fig., 3-4) , ¢

“Hb, FDPOREY Y= AEMENEERINIBIC, = buio k) REnRIEE

ZEAEE 22 LT, KIDWETT 2 E/ME L, 22T, EBICFDPIZEBWTHIRILK
ERABL L LT,

ﬁvﬁiijm *&Vﬁilﬂ
FDP ::>>—<<ii

G

Fig. 3-4 FDPOBETKIE
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3-2 FDPOBEILKIE

ZU®IC, AMASGLEN-BnFDP 1 a” &kl & LT ORE % H w7t % 5
Bl L2l AVRZLE (1 5a. 15b) ALK VIETIHEEL S LA AR
A (15 c¢c) ~OBILKIGIZESHET Lo 7% (Fig., 3-5A), =T, ALF=)L
2EUHER= AW b dTICH L TEIE L2 A, 7= viEEAk ] 6 d ok
KT 2Zex2R/MELAZ (Fig, 3-5B), ZORIGIE6 0°CTIdeL#EfT¥d, 80°CT
HIEPE L 2ERYBE SR 02, 1 00° CETHIRLZBIC4 5% THNO 7 =Y vk
16 d0EoNEZENHSnEL>7 (ent Ty 1-3), SSICKEEZTRS =0,
WL OrDHRENTWE = b ufbEzEHC TN 2K, 1 56d R LX) I, BT
REIETHLIZAT NV EZHTLIHEICEOTHORIEN3 5% THET L (ent ry4), ¥
7o, 4-=btur7E2br72 /015 f9P4-=tuxXyY=bYN1 5 g THEILKIEDZ
NEN50%., 73%THETLZ (entryb5-6), —HT, BIRIIFEZDZL0EH
ZobtaXRyEr15h®P=brbLIy]1 5 iDL BIRETRKIEHETL 2ok

(entry7-8),

A.
|
Ph N
Q 0 a@eq)
Ph )J\H )J\ h 0] | @) d H no reaction
Ph™ P DMF, 5 h
15a 15b Ph™15¢ 100 °C
B. | R
Ph N CHO
1a (3 eq)
NO, DMF, 5 h NH,
15d-15i 16d-16i

entry|substrate product R temp yield

1 0.0 ,~. <60 °C no reaction

2 15d 16d S-N ] 80°C trace

3 100 °C 45%

4 15e 16e -CO,Me 35%

5 15f 16f -COMe 50%

6 | 159 16g -CN 100°C  73%

7 15h 16h -H no reaction

8 15i 16i -CH,4 no reaction

Fig. 3-5 FDPICkAEITCKICOWIIAME
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IR ZIN LI 27012, 7LV ATy PRV A RABOMBRN R 2 E L 72, i
WDOAERNDORITLAETH 2 NADHDOEILHEMZ S L2, 1 5dzET VIEHLE L TR
ZhB L7 (Fig. 3-6), FBakso, HiEE. Mg, Y 7L ralig, farBgEo
TV ATy FETIR, MOFRMELDIEMEN LA (ent ry2-8), Xic, —IIC
WA ABE L THREET 28BIE (RAAvyy oo, Migh, A1y PV EYL ], V5 v, Y
U L) 2R L7z (ent ry9-19), F#EICH 1 (64%) A 2745 (76%)
DFY 7 VL= MEFICE 2RO BRI, 61, NADHBEILERLU X 912,
VIR TLARANT I LE VST A PEBEESEINCEC LF 2 TR R %
(entry20-25) ZOfHE, PR IQNE M EL, A LVS T L DFEMD R
LBRERC, 79 % THRILKEDHEIT L (ent ry 25), m&iic, 5 4=l h L
S LEFJNITHEMT 5 2 T, BTGR89 % T b AIRIMISET T 2 2 & 2 Hil
Lz (entry26), 2nsid=rufkeh VRl SRFCVAA ZABHEH L TR
Gt L L EEES NG, COBRIC, W7 ux 7574 — (TLC) IZ&k->TRIG
ZRERBER L 72 & 2 A, SIRETRIGHTER L Tw b 2 &b o7,

O('?N Ph O\ OIIN/
"S N CHO

1a (3 eq)

addltlve (1 eq)

NO, DMF, 100 °C, 5h NH,

15d 16d
entry] additives yield entry additives yield
1 - 45% 14 In(OTf), 76%
2 HCI 23% 15 La(OTf), 25%
3 H,SO, 2% 16 Tm(OTf), 41%
4 | CF;COOH 2% 17 Yb(OTf), 38%
5 H;BO, 1% 18 InCl, 55%
6 NaH,PO, 7% 19 | Au(PPhy)NTf  33%
7 SiO, 10% 20 MgCl, 76%
8 NH,CI 3% 21 MgBr, 31%
9 Sc(OTf), 45% 22 MgSO, 24%
10 | Cu(OTf), 64% 23 Ca(OH), 36%
11 Zn(OTf), 15% 24 CaCO, 33%
12 Y(OTf), 58% 25 CaCl, 79%
13 | AgOTf 73% 26 | CaCl,(5eq) 89%

Fig. 3-6 FDPEILKGOFMNFIM
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£7:. FDPOITHE LB OBERZHS T 578, FDPOFEERKICK 2E
uEBE L7 (Fig, 3-7), £9, #WLAN-BnFDP1 alcilL TRy T7 S
VEEHSE, A I vFEEK]12a ~NEAHL, X, FDP1 alcxL<, ¥7vitnh
VY LFEE R Tl A v EHOEBUIRIC LD T AT VEER 12D 2HR L 7,

BnNH,, quant R BnN(j\;NB"

= ol L
BANH, —— —
2 BnN CHO (j\
1a MnO,, KCN(cat)  B"™N~"“coome

MeOH, 30% 12b

Fig. 3-7 FDPHEEMKDEK

ZNn6DF DPHFHEAEZ T, OB Tk d ROiiR2 5 2 G v o MEET
TETNVHEEL 5 dicwd 28T KbEfT>7% (Fig., 3-8), ZOR, FDPOTIL
7 PSSR OUICENEHC (89%). 4 S Uil (4 0%). AT VS (RIFR) o
FIC R BEDE T T3 2 &b o% (ent ry 1-3), HERSDEZARHTH

. ARIGERIZBEWT, FDPHNO 7T FEPSEETH 2 Z LAV L 72,

|
BHNO\
- R —
Q i o (/>
Osg- CaCl, - 4H,0 Ss”

>S”

(0)d > 0~
DMF, 100 °C
entry R yield
NO, 1 CHO (1a) 89% NH,
15d 2 | cH=NBn(12a)  40% 16d
3 COOMe (12b) trace

Fig. 3-8 FDPDOiEL &K
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KT, B L2 5ft GifbAn ey 4548, 100°C, 5HHE) (ck b, BEITKED
HEHBEHRAZHR 2 ElcLl, Fig., 3-7Xnd&)ic, EFRkplEe2E755H
#15d-15gzHCRBEIC, WNAZHVAR»> 78G5 (Fig., 3-5B) 12T,
BMADOFIC X 2RO 3RSz (Fig, 3-9, entryl-4), 9%b
L, B cHWwZ15d (89%) LMKk, =A7L (15e, 69%), 7+~ (15
f. 88%). =FVUL (15g. 82%) 2 L 7HE TEILKICHZIFRMIZHETL 72,
E oI, PHNZEOET L o L HifliZz = b u Xy E Y1 5 hicB WL THEILKIE 1
8% THATT 5 L&2MEND (ent ryb), AT, BT#tGHEE2ETs=rr LT
Y15 i ZHOEBICIERIGPETLe»>7% (ent ry6), £/, RAVEHKD
HKICHOWOENEZ AL TN, Y F—ILEEZF21 5 j TIE8 0% TiELAHETLZ (e n

try7), HAMfC, 4-=tn O\
ZEEFHBL S5 kP4-=rax h
1a (3 eq)
VAT7NLTERLIBL b, 20 +
CaCl, (5 eq)

15d-15n DMF, 100 °C,5h 16d-16n
T L7z (ent Ty 8-9),

entry | substrate product R yield
RS, 4-7vFu=ruxy OO0
R ~
\ o 1 | 154  16d s-Ni:] 89%
¥ 1 5mTld, HEGRKE [ \F
msEs sy oL ae, | 2 | 1% 16e  -COMe 69%
3 15f 16f -COMe 88%
7 3% TEILHEFTLZ (en 4 15¢ 16g -CN 82%
B 5 15h 16h -H 18%
tryl0), 4-7mn=tun 6 15i 16i -CH,4 no reaction
RYE V15 nicBwLTUIE 00
'S-N
HBEVLOD, BIEEM DL | 7 15j 16)  ~ 80%
FTIETLPEITLZ (entr
y 1 1), *iEbsscmys | 8 | 15k 16k -CO-H 617%
9 151 16l -CHO 40%
A, £k T 22 10 15m 16m -F 73%
11 15n 16n -Cl 21%

Fig., 3-9 f4an=truxr¥ricid sEclc
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—F. WO ICET AL FEEEE B VTR, 4 7Y ToOREBE S GO ET
DHERINTWS (Fig., 3-10), INFTIKRAXH T, 2EBAFREETH 5
4-7VAu=tuxXry¥r1565m7Tid, =B TKEETTS, 5T, 1-7
vAu-2, 4-Y=tuxvyEr17a7Tld, 7vRDALTIMICTEWTKEL DERK
IEDSEFT L7z, FBRIC, 2, 3-Yv 7/ -1-=baxRvyLr17bicB80TdbA 7VAMT

DRGBEIASIRDETT 52 Z EDBHS L E o T2,

I
BnN(E\CHO F CN reduction )

+
1.R=H Cacl,
(15m) >
F DMF, 100 °C, 73%

NH NO NO
R 16m NH; 15m2 1592

H NO,
NO r::jl\ OxN CN
2 BnN CHO
>

= o ~70%
2.R=NO, DMF, 100 °C, ~70% 18b NO, NO 17a 17b

(17a) iDSO-
highly electron-deficient ipso-sub. )

Fig. 3-10 =FuikoEicKInEEREREZERRKIG

3-3 vvaAy bMEOKIG

ST HEHTRBLAEHR2 S 73 v 770l A v E2RBRTEYADLY 5721 T,
A 2o [4+4] KIS, Hid AOERISZ R THIERIG SN L T EBHS
DERoTWwS, 22T, RFELRE#ELRY Ay MREIGEANDREMZRAAL, Thbb,
12077 AaNT7Iy, 77uLbA vy, =tu7VY—), 2L MLV LENHIC
ffFHSE s 2 LT, fliffi=tufkoEzfroZ Ll (Fig., 3-11), EEic7
7 A ANITIERAIEZ AL TIE L G Z T 572 FT RO T S vz HuiBici
6 1% CINEFTCLERMICHFEBHE= ]l 5doETNETLZ(ent ry 1), XIT,
LA T, MR ZOBEREORS 70 ELT S v 27 I VR E L CRICKIGZ T
7mEZ A, 86BN THEILKILETLZ (entry2), 612, 1 77LA7—NIiZBW»
TH84%BTHNO T =) v (k%2852 LicfiLZz (entry3), IHICKRELAT—
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WTHHRETHDL EEZOND, ZDLIHIZ, REATZF—I)ILTHEER., BB E H\w

—
O\\g,@

W e GHE TR 2 B L 7,

15d
0 [4\
R-NHZ HJv NO2 CaC|2 O\\(IS?/N\//
(5eq)  (5eq) (1 e{i (5 eq) 16d
l R” CHO DMF, 100 °C
NH,
entry R-NH, yield
1 61%
NH,
2 ~NH2 86%
3 84% (gram-scale

Fig. 3-11 =rulovrfy FEITKIE

3-4 E

L2 b L ZAFEY OGN #ZIEIC LT, FDPASEICE 2R L, A A E/HE= b

O ERNICE LT 2 2 2 Fiic i L, SSICEBTORMEERIC, 77 R
aNTTIvET77uL A rh o HRENICHEETS2FDP2EHL T, HEERRSEO RS %
BEZEO IS, BTN ZITI) TV TER, Z LT, fEROBEREMEZHH L 72\,
GROGHNIC X 5, = P e Eoffifizy v Ry MEIGEZME L 7,
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FNE AR F D P OO IR TS

4-1 FDPHE

FrimciliR7zkHic, 77ulb A vy OEENTOERERIZ, BLA N L RAEBOIE - i
TEZHREL WEANLOR T 20 0BEELBEICR S *%, 200, EEY > 7Ll
ETIET 78 LA VIR ZGHIETT 2 FEMSTEH S5, EETIE, ATERZONHIE
Lo Vv—70 v 7E EOFDPHEEZR#HRT €/ 7u—F L fifkz/EkL. E
LISA-KIT&ELTHBMLLZ"" (Fig. 4-1EE), "M Av—h—LLTDFD
PHIHIET 7L A v OERREZRIEAICIE LA TR L LTERLTE D, s otz
HETLOIHHINTRS, ZOHIE LT, BEEEREYFvy— 730 77—=2, T
. ZDF DPHUEHEE EMhDNA A < —Ah =Gk 2 A G 72 T UNEEZE ) ZW
EELTHTw 5,

COFHEER, EFCEATV2b00, mflikdik*x vy FPEL 1 S ADTFkEZR 2 HM
BAEEDPRELE 725, ZDTd, X 02Tl U EFFE T E R, A —R~DY
EOWIRECcE 5, 207023, FDPOMHEICE LT, FURICILHECT 2 R RV Z2 0138
WL 7B, 22T, TEFDPIC X 2R RINA G Ik > TR L 724kt 7' m — 7 ik
2L (Fig, 4-1TEK)., §4bb, EAEDOFDP 2T 29k REOFHN 2
HOIZ, FDPOIISEHIIRRENLMGZERT I L2ERT,

|
O\CHO

cost procedure specificity

detection target:

ﬁf antibody high tedious  recognition of FDP

CN .
/’% chemical

orobe low easy reduction by FDP

NH,

Fig. 4-1 FDPlcxTaHE
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ZIT, BEETHH L= F e EBERN 2o OR 2R LT, AFDFDPICk->T
FEHOE= b k&Y SHD 7 S VLB~ E A (AL v F v ) TERE, FD
POMIMBHEBITE 2 LA/ LA (Fig., 4-2), Thbb, KEMBTELSNAHK
FDP2= b udB 2@ RICHOEE 7 =) VP EiE@nd 5, 20k, dEHlEIc XD
EEMEETI. Chickb, P70l 4 v oL tw—h—TH2FDP2iEkobitkz
R I, ALARCBRIN T 2 i 2 FIEA~ L BB 2 2 & 25l L 7%,

blood, urine samples

pyridinium

Ca%*
fluorescence 'ﬂuorescence
“of th)

Fig. 4-2 FDPOEILKIGICLBHEHES AT 4

4-2 FDPHHE7a—7

ARIOGDRIEIEA TR, BIBD X ) ICHOCMRER RO 7 =V v ORI T 570,
—EDHETHKIGICESE T2 FDPOREZEEDL 2 2 L8 TE %, it> T, dOLHEE R
THROBUEPS 7u—70F (Ztu7L—y) Z2#EUISERINT 5 2 LT, ke 2EEE
HEYrh (FHER) THOEFDPLRLVEZHETZ2IENTELZLMEL L, 22T, FHirD=

rerLr—rvZz7u—7@E LA ) —=v 7 2ikot-, (Fig., 4-3),
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©%Ymé©mwm o

NH»
donor-acceptor type

(push-pull) " N
» wavelength (A) Q/
* quantum vyield (P)
* reactivity
@% ©%© © ;;Um gfof? ©%
)
[ od Mo

° NN CN N N
AT ELRTLE

Fig. 4-3 7u—7%47 (—FI3CHk25)

—

ML R 70— 70, BICKIGMIE S & XD KIS T o k-8R
(A o) DRELRZNM (Ab=27 227 ) PEFHE (O) ORI OEELRURL L
%, Witz ED T I b, AERLICEFGELEFRIEOWMAGE2ET2push
—pul | HOHEEO S FREBICENZY T, P TH MU NELE 7 2 VoA ED
FICEHLZ™, 16 g1 602K HHEOBMLAYMEZ A ) —= v 7 LIRER, ¥

ST/ TI/RNvEV]I 6 p AT IENTEL (Fig, 4-4),
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CN CN
CN CN
formula Q/
169 160 16p
NH, NH, NH,
Aex 283 nm 307 nm 340 nm
Ao 344 nm  392nm 404 nm
() 0.041 0.002 0.570
Reduction|  gp9, 229 78%
yield

Fig., 4-4 ®BH7u—7o SoeEE (A, 1,). BT2E (©) oS X
O Rk

ZIT, BILRIG R &R L L TH0OEA Y DFDPHHI AT 4%2EHT 5770, 1
SEpZrz7u—7¢ L THEHEZZME LTV ZEELE, 7. EFANKGZITIZ L EL
.oy 7/ =ruaxvLr15pxa, EBIUAVESYAEET, 3SYBEDODFEDP1 a &b

XELEZA, BIUKIGIZT7T 8% THEITLZ (Fig, 4-5),

|
Ph N
~ CHO CN
CN 1a (3 eq) CN

CN

CaCl,

DMF-H,0
NO, 100 °C, 5 h NH,
15p 78% 16p

Fig, 4-5 B 7v—7tF VG

Riec7Fa—79F15p EBHoNTLA27=Y K1 6 plchiL THIEARZ FILHIE

1o (Fig., 4-6), ZOFE, 15 p TRADEVBBHIIN L >7-DIIH LT, 7
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=YKl 6 p itk HOEHRE[340,/7 404 nmIcBRKEROAXRZ FPLERT L
e D71,

CN CN
404nm CN CN
>
‘B
<
(]
IS NO, NH,
T -15p -16p
[nm]
h e —

370 420 470 520 570 620

Fig, 4-6 MH7o—7t7=20 UKoAY ML (JiEHEE © 34 0nm)

SOIETNRIFICB T 5, BEFIOEZMZIE L, RICKEZFH 72, 2 OffIR, 506
BOBRHE, S, ZNFTOMIGKE EFU X912, 5RHTEILIGA5EME L Tws 2
EBHe o7 (Fig, 4-7),

250
200
150
100

FL intensity

n
o

0 1 2 3 4 5
Rxn time [h]

Fig., 4-7 4A0OGHEICK2ETFVIGOREREN (i S06ER : 340,7404

nm)

e, ARV 7V TOEREREZRILT 5 720, A R EROBRLEITH THED O
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TWwZEELl7, FFTFDPICARL T, BLECA L L GafgbkE (HO,) <7 %>
T A, ANT T A B SRS EEEEH IS, 205tk FDP B

22 EREINTAZENTEL (Fig,

b
) 1a

100%
90%

Q 80%
Q 70%
5 60%
g 50%
S 40%
& 30%
20%
10%
0%

Fig.

4 - 8 )o
oxidant (> 10 eq)

CHO o-DMSO,1000c PP

control

air

H,O0, MgCl, MgSO, CaCl, FeCl, CuSO, cysteine cystine GSH NaSH

(bubbling)

4-8 HSHBEITEMICEIT 3 FDPORENE

FfRIC72 =715 pIcN LT, BILETLAIE LT ATA V., YRAF V., IVYF LV

(GSH) ®fiift/kEF Y7L (NaSH) 2RI, ZOFER, AHHAEE (1

M FREE) TIREILSIBDMEITIC K 2 HOOM R IER I g -7 (Fig., 4-9), Z

DFERDP S HEERT V TVDEZMET TORS AT LDEAET 5 2 L 2D L I ENTE -,

400

350

300

N
[&)]
o

N
o
o

FL intensity

-
(o))
o

50

Fig.

CN CN
L CN CN
reductant (1 pM)
NO, DMF-H,0, 100 °C NH,
15p 16p
1 T . N 1 1 1 1 1 1 1 1 )
control air H,0, MgCl, MgSO, CaCl, FeCl, CuSO, cysteine cystine GSH NaSH
(bubbling)

4-9 AHBEBGETEFICE T 287 e — 7 0% ENE
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I, BEHELTN-1ysFDPLbZHVEZETVIGEIfT>% (Fig, 4-10
A), ZOHDGEZME L 7%, RuefiiBzrL., mafizflcE7 (Fig., 4-10
B), %7, Z DMiE#RELICHERZEIE L TRAOBHHIRAZEH L7 (Fig., 4-1
00), MERDHAMAEL I SAEORHMEA (3. 13 nmo 1 mL) LT, RKiET
130. 84 nmo | /mLETHRIHAEETSH 2 2 WS E R, *HLERMECET
%, R I 2 2

A OBn B
. J\/\/\/N | 200 6.3533 (fluorescent intensity)
0 CHO

per FDP 1 nmol R? = 967
NHAC %50 _—069365363
oN N-ys FDP (1b) N é 300 (g
CN CaC|2 CN 250
DMF-H,0 200
o 100 °C, 5 h NH 150
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4-3 HEYy 7LD F D PR
D X ICHEL L 255k H W T, e —71 65 pofifb ALy A EoREEE Y X v
MbL., fiifizat 7 rav 2Rl (Fig, 4-11), i) . %47 Lt Fxy

FARZIRBS LT 00 °CTH5REEMES., i) gt~ 7u7L—FY —¥—Ic Xk 3 HE

2419 FIEZMESL L 72,
blood serum ST
__________________ | acrolein (X days) IWN\ .
kitsolution |  __ FDP | .
N . @L ; Y~
- | on RN oo - j CN |
/ i ) / |
+ CaCl i )100°C, 5 h
NO, NH,

ii ) fluorescent measurement

Fig. 4-11 4 FDPoMmi7utan

AFRIC L > TEBBRED TR TH 2 2 L 2fEPD LI, LTy 7L E L TATE
G il o 7 v g2 e mibiisiz o7 (Fig, 4-12), 7v MIUEFET
rzar A vEMATCENEFNRO, 1, 20, 6 0 HIERRL 729 v 7V 238, i
BOFMETHIERBZ 2N EFIUTo 7, E&F DPoHtEY S RO BERE2S, 771
LA YT oYy 7L Tid4, 940, 2nmo 1 /m1., 1 HEEEL 224~
ZTVTIE7, 7+2, 6nmol /mIDFDPZERBKRETEL, FAFEMC, 20HM
ML 723> 70 cidl 2, 70, 7nmo 1,/ /m1, 6 O HEAML 725> 7V TiE 1
8. 71, 4nmo l /mMIDFDPHBMIN, ZIh»6. 770 L A UBHKRHIC
Wl L <, #EmEOMA, $40b5 FDPOARKEDHIMDIHS 2 & %57, UM
WDZ v RIEERIZ, 9o D7 7L A YHROFDPBEMLCELILEZRL T
5, FTLARFIRICKE2RIF, (CRIETHLEL T SAICKZMERELEDR—KEZRL

72 (Fig. 4-12),
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. **p<0.01
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- our method
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Fig., 4-12 Jv riiEHFoF DPHIE
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A RIGBAGEIGEIT S A 7 AR AED E R T — 2o NEZEL, WL osflito 7
— 705 DRV TNV EREH L, w7 ARE 2 0 AR L 72 B v 7L 2 i,
BB T o/ L 25, BEEFAMIC5. 20, 8nmo 1/ m1®DFDPzERBKH
TE7% (Fig., 4-13A), $22b50EBIEVTY, KETHAELISAICE
LREREDRO—FKERL 7,

E S ICAFEOMENEZ I T 2720, HaEHaD 1 0D~ A9 5 RELL 72K % H
Wi, —FmitEaE 2T (Fig., 4-13B), MDY v 7V 3R[T D
frTo2 kL., §t30uy FolEEZITo 7, AMEREIL 6 REMNTER L, IRFDF
DPEFREPHMILZ, 4HAH255 0lHF~NE T ZDBEAOHEMICHA LT, FDP&E
DSHIN$ 2 @A HER S N, A TR L7 F D P OBEIGRIGZ BT, FERE & g L
TR CHEE R A b L A~ —h —RINBZWIEZBF L 72,
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B.
our method ELISA 16 1
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AW TR, EFICEREOE T 7L A v o REICER L, B, 72aL
A v EHBERS T EDRICY DI IMEN £ e 5 Z LICHIRZ S B MEEEBZED Tho 7,
ZLT, 77ulb A4 ks 43/ [4+4] BAERIGOEENTHHETL 9 5 2 L 2 FHiE
L7, $72. [4+4] OGX > TAEL 2 8 ABRLEW D, KB ICMMDERILA P L A< —7
—FDPALEMINTHL I LREE LD, 2206, SHE{LAWELF D P OER
HRTh 2 LI Fi kAR EZB oz, 0o DERIANTIRIC X 286E%E DL -> T
A P L A=A —FDPORMI N TELAERNERBEREZHS 2 L7z,

7. BN OBBLA b L AFEYTH B F D P ORENE#D 5 F D P oEeKIct:%2 ¥
WL, FEREFEEZ D, = b o EAOBEIRN LG RISEZ 1T C O THL T L, ARt
OB WT, AN T LDV RBE L TOMPREZRET I ENTEL, I5ITHED
HTOEBKIERILIC, 79 AaNTTIvEeET77uLA VDo HEMNICHKETLZFDP %
LT, BEEEREORD LEE2ZEDTIC, BUG2IT) 2L TER, THITKD,
HeEMiz n8 e Lawv, = ko N g v Ry MEIGEDORZEICKRI L 72,

SHICARBEILRIGZ, BEDOFDP LRV T 5700 THOGAAL v F v L AT L)
ANEEH L7, B L 2R 2 T, EBRICET VI OIRE %2 LRy v 71 e LCH
WTATFIEZHIE L, B2 0K L L 72, Z ORfSHR, ZAfi Tl 2t A b L 2
v = —BRHNE AT 5 Z LB TE L, FERNICATFEZIEH T2 6T, 77014V
ZIIER T & T 2% LD PRI OB KA~DHB P S 1L 5,

LAEICE T 2. EVWERBETHOF L WIREIE, 7Yy 77 S A MY —D &) Ly m
nFEzRAGE L L TAEYBIRIC b0 ) BBk > THZonTw5, LrLEMS, %
DEHICRMBE L THAT MY —VIERERO LTS, Lo T, XIROEYHE
BRTE ORI, B 2L AN TFEORABBREIC R 5, 2070121, ARG O IETE
WIS B R Y . HITBIC IGO0 S IR 2 T U e 6 kv, 29 LT, Frnii
WD O R T T 2B L FERIEENTL 2D TR EWES ) 2, RifZETIE, &
ARNTOBBILA FLAICEDZ 7 7aL A v EZDRIGYEBNC, N4 A = — 5 —E A
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ek T EICRG & Bk R
BEETORILNICOMMERZILIC, = XU EoBEHRIESEE L VBRI EN

WEIZO>WTEZLZ (Fig., S1),

|
Rg::me R R

© .

NO,
15d-15n 16d-16n

Z’\

Fig. S1 FDPt=ruxRv¥roipk

ZNFhoEHicsu EfiEgE2EdTHamme t 82 ko7 (Fig.
2), —f%lc. Hamme t EEREZWIF EERILIC X 2B RIERKRZ W,

R Hammet constant (0p)! redox potential (V)?| yield
-SO,R 0.72 - 89%
-COCH;, 0.49 -0.360 88%
-CO,H 0.45 -0.396 61%
-Cl 0.22 -0.450 21%

-H 0 -0.485 18%
-CH,4 -0.17 -0.500 0%
*cf) Ph-CHO - -1.67 0%

Fig. S2 Z—tuxv¥rvrofElEoHamme t 58 X OBLECEMNE D
15
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I OIGETGIGDINFE E Hamme t EREZEHC KRG 70y b Z2{T7o/ 2 A, ZDlk
BIBItR D> & B R LRz (Fig., S3),

100
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op

Fig. S3 FDP:=luxRVEFVYORIGICEITITS2Hamme t 72y b
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ETT A, A (ZEziE=tuxvyy) LBETLH (FDP) o{tEcENE I
X H BBED EDENZAR 3 BTh D . RADBERINK D 37D,
4E = E

-E >0

oxidant reductant

< E

reductant oxidant

FDP 1 a#iElETcH D, 7200 FHT LT E FIEICN L ToFNBRLETKEZ
HALTIESEII2o, FDPHEOBETEMOEZRNZNEINETH> 7, 22
T, BIUMHFTH = buxXy 2V HOXE»oME T2 2L (Fig., S4), =
FRXRYEVFEEARTIE, AT 2BEEOEFRIMMENREC L 213E, HERELOETH
FEDT A0 MAEILEME bREC %= EF2ZT AP Tv), SGRMEX D BAES -
7eZAH, E=-0. AMEOEETCARKIENRI DIZ K B2 I EBHSRER>TW
5, $bb, Eypp< -0, 4TH3 I EDHBENICHMES N,
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gk I dobe =M

FIUETOARY AT LDOERMEZMHRT 2720, Hine 7= ViK1 6 p DREHER%
fTo7 (Fig. TI1A), s0tHlcnEaMIcBAL T3, Lamber t-Beer Dl
ZH EICHDEEEF I (1 A) OXTRINLZIEDPHSNT VD
F = ®P, (1-10™) -+ (1A)
DT DEIREDLGA TR, HOE7 FO HOAINSRE - =% > 2 — RGO HERK Tt
1 (Wb 2N 29 5, —A T, KBEOSA (¢c<10° [M]) icix, i
M D 1 REBIAEZ T 5, (1ARIC10™51-2, 303 abc AL TEH)
F = (2, 303®P,ab) *c -+ (1B)

E7 D HOGEEE FAIXIREE claxwd % 1 xplXc8hrnz,

MHNE O BERUIAREIC B T 2 IBEICB TN T 520, %2, EBRWICHE»D S 2 & &
L7 (Fig. T1B), BEORE (FIIAETHCE2 1M fHE) K833 7=Y vkl
6 p DEEMARZFABL 72, T o OFEMERZ H T, S06HE ik Stk RE =
40,404 nm) 217>7, ZORRE, WNET 77 Lo7ay b6 RE L EREDRIR
DEIEER L, £, HEDPSKED 1. 03 THEZ bbb, I XHHITHS L
DS R I N, THUTE D, KEICEIT 5, REICHT 280 EREZ FIAETE 7,
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A. Theoretical formula

—IRAICEIGEBEIIRHA TREND.
F = ®P,(1-10-2b0) =+ (1A)

BEcH 2 ITNET WSS < 10° M),
SELEISEED 1 REFIAKIIT 5.
(103bc = 1 - 2.303abc = KA U TEE)

F = (2.3030P,ab)*c -+ (1B)

code name unit

F fluorescence intensity

P, incident light intensity

O] quantum yield

a molar absorptivity cm™ mol'L

b light path cm

c concentration molL-"!
Fig., T1 HOGHHIE R

B. Experimental proof

1000
100
I
5 10
®
I~
S 1
E ;
) I
L 0.1
0.01
I
0.001
10" 1010 10°
(1 nM)
c [M]

logF = 1.03(logc) + logk
F = kc'03
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W7 HP R AR IR W LT, 2 LT BRI TRA LE2THY
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FEBIH

General information

All solvents were of reagent grade. All commercially purchased chemicals were used as received. 'H
and °C NMR spectra were obtained from a JEOL RESONANCE AL400 NMR and a JEOL
RESONANCE AL300 NMR spectrometer. Signals were internally referenced to solvent residues.
High-resolution mass spectral analyses were carried out using micrOTOF-Q III-HCTM (BRUKER).
All fluorescent measurement was carried out using JASCO FP6500 spectrofluorometer with 96-well
flat-bottomed plates from Corning Inc. Each value of amount is calculated from intensity of authentic
standards. All procedures involving experiment animals was approved by the Ethics Committee of
Osaka University and RIKEN. The experiments were performed in accordance with the institutional

and national guidelines.

Reaction with acrolein

OH

rR¢ R R3= \/k/

To a solution of sphingosine (4.5 mg, 15 umol) in either CHCI; or a PBS buffer solution (1.0 mL) was
slowly added acrolein (90 %, 1.0 uL, 15 umol) at room temperature. After stirring for 30 min at this
temperature, the mixture was concentrated in vacuo to give a presumable mixture of 7 as colorless oil.
Direct NMR analysis without any purification procedure confirmed the production of 7 in nearly
quantitatively yield (colorless oil, quant); IR (neat, cm'l) 3393(br), 1716, 1465, 1365, 970; '"H NMR
(500 MHz, CDCl5) 6 5.75 (dt, 2H, J = 10.8, 7.5 Hz), 5.36 (dd, 2H, J = 10.8, 6.3 Hz), 4.58-4.44 (m,
2H), 4.39-4.20 (m, 2H), 3.99-3.71 (m, 4H), 3.58-3.45 (m, 4H), 2.90 (br, 2H), 2.03 (br, 4H), 1.66 (br,
4H), 1.30 (br, 44H), 0.88 (t, 6H, J = 6.2 Hz); >C NMR (125 MHz, CDCls), 8 133.3, 128.3, 70.9, 70.2,
68.3, 67.6, 65.2, 32.5, 32.1, 29.8, 29.2, 22.8, 14.3; HRESI-MS m/z calcd for C42H78N204 [M+H]"
675.6034, found 675.6049.

Reduction of 1,5-diazacyclooctane derivatives
OH

HO W
-
WOH

OH
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To a solution of a mixture of 7 obtained above (10 mg, 15 wmol) in anhydrous tetrahydrofuran (0.3
mL) was added LiAlH4 (5.6 mg, 150 umol) at 0 °C under N2 atmosphere. After the resulting solution
was stirred for 90 min at room temperature, the mixture was quenched with H,O and filtered with a
celite pad. The filtrate was concentrated in vacuo to give crude products, which were purified by
column chromatography on silica gel (CHCIl;) to give diol 8 as a white solid (white solid, quant); IR
(neat, cm™) 3411(br), 1704, 1361, 1223; '"H NMR (500 MHz, CDCl;) & 5.76 (dt, 2H, J = 7.0, 6.0 Hz),
5.32-5.27 (m, 2H), 4.49-4.19 (m, 2H), 3.95-3.37 (m, 4H), 2.87-2.77 (m, 10H), 2.01 (br, 4H), 1.68 (br,
4H), 1.28 (br, 44H), 0.88 (t, 6H, J = 6.0 Hz); >C NMR (125 MHz, CDCl3) § 32.5, 32.1, 29.8, 29.6,
29.5, 29.3(br), 22.8, 14.3; HRESI-MS m/z calecd for C42H82N204 [M+H]" 679.6347, found
679.6317.

10: The compound 10 was prepared similarly to compound 7. (colorless oil, quant); IR (neat, cm™)
1709, 1494, 1361, 1222, 1089, 1026; 'H NMR (500 MHz, CDCl;) & 7.38-7.28 (m, 10H, Ph),
5.03-4.62 (m, 4H), 3.57-3.55 (m, 4H), 3.20-2.81 (m, 4H), 2.18-2.11 (m, 4H); °C NMR (125 MHz,
CDCl;) 6 142.2,128.5,127.7,126.0, 73.8, 69.2, 66.2, 50.5, 27.0; HRESI-MS m/z caled for
C22H26N202 [M+H]" 351.2067, found 351.2080.

\/,.,
.
0' 7 :

11: The compound 11 was prepared similarly to compound 8. (colorless oil, 63%); IR (neat, cm™)
3331(br), 1651, 1406, 1110, 1015; "H NMR (500 MHz, CDCl;) § 7.40-7.33 (m, 10H, Ph), 4.71 (td,
2H, J = 10.2, 3.0 Hz), 2.93-2.77 (m, 8H), 2.59-2.47 (m, 4H), 1.86-1.81 (m, 4H); °C NMR (125 MHz,
CDCl;) & 142.4(br), 128.4, 127.7, 126.1, 69.9(br), 66.1(br), 52.1(br), 29.8(br); HRESI-MS m/z calcd
for C22H30N202 [M+H]" 355.2380, found 355.2390.
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Preparation of FDPs (1a, 1b)*
@)

0O
Br/\/l\/o> °

> Ph N
K,COs, Nal SN
quant O

Ph<_NH

S1

4N HCI
dioxane-H,0

™ e L
quant P N~cHo Ph N CHO
1a

BnNH, |
>
Ph N NBn
quant NN Z
12a
OBn
QH BnOH, SOC, NH
0 Ho > O 2
THF NHAc
NHAGc quant S
O/>
O’> e
OBn
Br/\)\O .~ W/N o
K,COs, Nal © \/\/J
CHLCN NHAc O
89% S3
4N HCI OBn
dioxane-H,0 N |
> 02\/\/\/ CHO
9% NHAc
1b
a) L. Fuentes, U. Osorio, L. Quintero, H. Hopfl, N. Vazquez-Cabrera and F. Sartillo-Piscil,

Direct chemical method for preparing 2,3-epoxyamides using sodium chlorite. J Org Chem 2012, 77,
5515.

S1: To a stirred suspension of K,CO; (6.44 g, 46.7 mmol) in 3 mL of acetonitrile at room temperature
was added benzylamine (2.08 mL, 18.0 mmol) and sodium iodide (2.7 g, 18.0 mmol). The reaction
mixture was stirred for 5 min before 2-bromomethyl-1,3-dioxolane (5.46 mL, 46.7 mmol) dissolved in
3 mL of acetonitrile was added. The reaction mixture was refluxed until the starting materials were
completely consumed. Then, the mixture was filtered off, and the solvent was removed under reduced
pressure. The residue was purified by short column chromatography on silica gel to give S1 as pale
yellow oil. (5.70 g, quant); 'H NMR (400 MHz, CDCl3) & 7.31-7.21 (m, 5H, Ph), 4.87 (t, 2H, J = 4.7
Hz), 3.92-3.78 (m, 8H), 3.58 (s, 2H), 2.59 (t, 4H, J = 7.9 Hz), 1.86-1.81 (m, 4H); °C NMR (100
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MHz,CDCl3) 6 139.2, 128.7(2C), 128.6(2C), 128.0, 103.3(2C), 64.6(4C), 50.2, 49.3(2C), 31.2(2C).

N-benzyl 3—formyl-3,4-dehydropiperidine (1a): To a flask containing a solution of S1 (5.1 g, 23.3
mmol) in 1,4-dioxane (3 mL) was added 6 mL of HCI (4 M solution in water) at room temperature.
The resulting mixture was stirred under reflux until the total consumption of starting materials. The
reaction was quenched with the addition of NaOH until reaching a pH = 8. The biphasic mixture was
extracted with EtOAc and dried with Na2SO4. The solvent was evaporated under reduced pressure.
The desired product was obtained in quantitative yield as brown syrup. (4.68 g, quant); 'H NMR (400
MHz, CDCl3) 6 9.40 (s, 1H), 7.39-7.33 (m, 5H, Ph), 6.83 (td, 1H, J = 3.6, 1.8 Hz), 3.65 (s, 2H), 3.19
(d, 2H, J = 1.8 Hz), 2.60 (t, 2H, J = 5.7 Hz), 2.46 (dtd, 2H, J = 8.4, 5.7, 3.6 Hz); *C NMR (CDCl;)
o 192.2, 148.5, 137.5, 129.0, 128.2, 127.1, 62.4, 49.3, 48.7, 27.2; HRESI-MS m/z calcd. for
CI3HI15NO [M+H]" 202.1226, found 202.1223.

S2: To a flask containing a solution of N-acetyl lysine (300 mg, 1.6 mmol) in acetonitrile (1 mL) was
added benzyl alcohol (1 mL) and thionyl chloride (130 pL, 1.8 mmol) at room temperature. The
resulting mixture was stirred at 60 °C until the total consumption of starting materials. The reaction
was quenched with the addition of ethanol and ether. The solvent was evaporated under reduced
pressure. The desired product was obtained in quantitative yield as brown syrup. (4.68 g, quant); 'H
NMR (400 MHz, CD;0D) & 7.36-7.31 (m, 5H, Ph), 5.16 (dd, 2H, J = 19, 12 Hz), 4.44-4.40 (m, 1H),
2.87 (t, 2H, J = 8.0 Hz), 1.99 (s, 3H), 1.85-1.74 (m, 2H), 1.66-1.64 (m, 2H), 1.43-1.41 (m, 2H); “C
NMR (100 MHz, CD;0OD) 6 173.6, 173.2, 137.2, 129.4, 129.3, 128.2, 67.9, 53.7, 40.4, 31.8, 28.0,
23.8,22.3; HRESI-MS m/z calcd for C15H23N203 [M+H]" 279.1703, found 279.1701.

S3: The compound S3 was prepared similarly to compound S1. (78.9 mg, 89%); 'H NMR (400 MHz,
CDCl;) 6 7.38-7.36 (m, 5H, Ph), 5.17 (dd, 2H, J= 17, 12 Hz), 5.04 (t, 2H, J = 3.6 Hz), 4.54-4.52 (m,
1H), 4.04-4.02 (m, 4H), 3.86-3.84 (m, 4H), 3.65-3.55 (m, 2H), 3.43-3.40 (m, 4H), 2.18-2.15 (m,
4H), 2.01 (s, 3H), 1.92-1.90 (m, 2H), 1.86-1.84 (m, 2H), 1.57-1.55 (m, 2H); *C NMR (100 MHz,
CDCl3) 8 171.9,171.0, 135.5, 128.5, 128.2, 128.1, 100.5, 66.8, 65.2, 64.7, 59.6, 54.1, 52.0, 30.6, 25.8,
23.1, 19.1; HRESI-MS m/z calcd for C25H39N207 [M+H]" 479.2752, found 479.2754.

FDP-Lys (AcNH-lys(FDP)-OBn, 1b): The compound 1b was prepared similarly to compound 1a.
(34.9 mg, 91%); 'H NMR (400 MHz, CDCl;) 8 9.36 (s, 1H), 7.33-7.30 (m, 5H, Ph), 6.81 (brs, 1H),
5.12 (dd, 2H, J = 16, 12 Hz), 4.49-4.39 (m, 1H), 3.64-3.58 (m, 2H), 2.56 (brs, 2H), 2.45-.2.43 (m,
2H), 1.99 (s, 3H), 1.81-1.78 (m, 2H), 1.71-1.68 (m, 2H), 1.57-1.54 (m, 2H); *C NMR (100 MHz,
CDCl3) 6 192.1, 173.1, 170.3, 148.2, 141.2, 128.7, 128.5, 127.4, 127.0, 65.0, 63.9, 54.0, 52.4, 43.6,
42.2,32.0,23.1, 12.2; HRESI-MS m/z caled for C20H41N2 [M+H]" 373.3061, found 373.3058.
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Preparation of FDP derivativess (12a, 12b)b

BnNH,, quant BnN()\;NB"

N
7

= ol —
BnNH, —
2 BnN CHO K)\
1a MnO,, KCN(cat.)  B"™N~"Ncoome

MeOH, 30% 12b

b) Foot, J.; Kanno, H.; Giblin, G.; Taylor, R., Esters and amides from activated alcohols using

manganese(I'V) dioxide: Tandem oxidation processes. Synthesis-Stuttgart 2003, (7), 1055-1064.

Imine derivative of FDP (12a): To a solution of N-Bn FDP 1a (50 mg, 0.25 mmol) in chloroform (0.1
mL) was added benzylamine (27 pL, 0.25 mmol). The resulting mixture was stirred at room
temperature until the total consumption of starting materials. The solvent was evaporated under
reduced pressure. The desired product 12a was obtained as brown syrup. (77 mg, quant); 'H NMR
(400 MHz, CDCl3) 6 7.91 (s, 1H), 7.36-7.30 (m, 10H, Ph), 6.24 (td, 1H, J = 2.0, 1.8 Hz), 4.65 (s, 2H),
3.65 (s, 2H), 3.41 (d, 2H, J= 1.8 Hz), 2.54 (t, 2H, J = 3.3 Hz), 2.33 (br, 2H); HRESI-MS m/z calcd for
C20H22N2 [M+H]" 291.1856, found 291.1865.

Ester derivative of FDP (12b): To a solution of N-Bn FDP 1a (100 mg, 0.5 mmol) and potassium
cyanide (50 mg, 0.77 mmol) in dry MeOH (0.1 mL) was added manganese dioxide (500 mg, 5.7
mmol). After the resulting mixture was stirred at room temperature for 12 h, it was filtered and
evaporated under reduced pressure. The residue was purified by short column chromatography on
silica gel to give 12b as colorless oil. (34 mg, 30%); '"H NMR (400 MHz, CDCl;) § 7.36-7.30 (m, 5H,
Ph), 7.03-7.00 (m, 1H, Ph), 3.72 (s, 3H), 3.65 (s, 2H), 3.23 (dd, 2H, J=4.8, 1.2 Hz), 2.53 (t, 3H, J =
6.0 Hz),2.36-2.30 (m, 1H, Ph); C NMR (100 MHz, CDCl;) & 166.4, 138.1, 138.0, 129.1,
129.0(2C), 128.3(2C), 127.1, 62.4, 51.6, 51.5, 48.3, 26.5: HRESI-MS m/z calcd for C14H17NO2
[M+H]" 232.1332, found 232.1332

Preparation of nitroarenes’

product

R
YD 15d
_— > =\
N
NO, Nno, | X \Q 15

¢) Janosik, T.; Shirani, H.; Wahlstrom, N.; Malky, I.; Stensland, B.; Bergman, J., Efficient sulfonation

0]
1 _Cl S
Ong Os0_R

of 1-phenylsulfonyl-1H-pyrroles and 1-phenylsulfonyl-1H-indoles using chlorosulfonic acid in
acetonitrile. Tetrahedron 2006, 62 (8), 1699-1707.
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1-((4-nitrophenyl)sulfonyl)-1 H-pyrrole (15d): To a stirred suspension of pyrrol (67.0 mg, 1.0 mmol)
and sodium hydride (60 mg, 1.5 mmol) in 3 mL of tetrahydrofuran at 0°C was added 4-nosylchloride
(310 mg, 1.4 mmol). After the resulting mixture was stirred at room temperature for 8 h, the mixture
was quenched with H20, extracted with EtOAc and dried with Na2SO4. The solvent was evaporated
under reduced pressure. The residue was purified by short column chromatography on silica gel to
give 15d as brown crystal. (255 mg, quant); 'H NMR (400 MHz, d°*-DMSO) § 8.42 (dd, 2H, J = 6.7,
2.0 Hz), 8.23 (dd, 2H, J = 6.7, 2.0 Hz), 7.42 (apparent t, 2H, J = 2.3 Hz), 6.42(apparent t, 2H, J = 2.3
Hz); °C NMR (100 MHz, d*-DMSO) § 150.71, 143.0, 128.5(2C), 125.1(2C), 121.4(2C), 114.8(2C)

1-((4-nitrophenyl)sulfonyl)-1 H-indole (15j): The compound 15j was prepared similarly to compound
15d. (280.4 mg, 93%); 'H NMR (400 MHz, CDCl;) & 8.24 (dd, 2H, J = 9.1, 2.4 Hz), 8.02 (dd, 2H, J
=9.1,2.4 Hz), 7.97 (d, 1H, J = 8.3 Hz), 7.53-7.51 (m, 2H), 7.33 (ddd, 1H, J = 8.3, 8.3, 1.2 Hz), 7.25
(ddd, 1H, J = 8.3, 8.3, 1.2 Hz), 6.70 (d, 1H, J = 3.6 Hz); °C NMR (100 MHz, CDCl;) & 150.5, 143.3,
134.7, 130.9, 129.1, 128.0(2C), 126.0, 125.2, 124.5(2C), 124.1, 121.8, 113.4, 110.

A general procedure for the reduction of nitroarenes with FDP

R
00
16d %‘;S,/_Nij
16e -CO,Me
R R 16f -COMe
169 -CN
— 16h H
16i -CH,
NO, NH, 00
15d-15n 16d-16n SN
16j
16k -CO,H
161 -CHO
16m -F
16n -Cl

To a solution of nitoroarene 15d (25.0 mg, 0.10 mmol) and CaCl, (55.0 mg, 0.50 mmol) in DMF (0.2
mL) was added N-benzyl 3—formyl-3,4-dehydropiperidine (N-Bn FDP, 60.0 mg, 0.30 mmol) at 100
°C. After stirring for several hours at this temperature, the mixture was concentrated in vacuo to give
a crude mixture as sticky gum. The crude residue was monitored in NMR or purified by either
preparative TLC or silica gel flash column chromatography with the hexane-EtOAc solvent mixture

as the eluting system to give the desired aniline product 16d (19.6 mg, 89% yield)

1-((4-aminophenyl)sulfonyl)-1H-pyrrole (16d, 89%): 'H NMR (400 MHz, CDCl;) & 7.63 (dd, 2H, J =
6.7,2.0 Hz), 7.13 (apparent t, 2H, J = 2.3 Hz), 6.63 (dd, 2H, J= 6.8, 2.0 Hz), 6.26 (apparent t, 2H, J =
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2.3 Hz), 421 (brs, NH,); *C NMR (100 MHz, CDCl5) & 151.6, 129.2(2C), 126.8, 120.6(2C),
114.1(2C), 113.1(2C); HRESI-MS m/z caled for CLOH10N202S [M+H]" 223.0536, found 223.0534.

Methyl 4-aminobenzoate (16e, 69%): '"H NMR (400 MHz, CDCls) § 7.85 (dd, 2H, J = 8.7, 2.8 Hz),
6.64 (dd, 2H, J = 8.7, 2.8 Hz), 4.10 (brs, NH2), 3.87 (s, 3H); *C NMR (100 MHz, CDCl3) & 167.2,
150.8, 131.2(2C), 119.7, 113.9(2C), 51.6; HRESI-MS m/z calcd for CSHION102 [M+H]" 152.0706,
found 152.0709.

4-aminoacetophenone (16f, 88%): "H NMR (400 MHz, CDCl5) 6 7.79 (dd, 2H, J = 8.6, 1.4 Hz), 6.63
(dd, 2H, J = 8.7, 1.4 Hz), 4.23 (brs, NH,), 2.49 (s, 3H); °*C NMR (100 MHz, CDCl;) & 196,7, 151.3,
130.9(2C), 127.7, 119.7, 113.7(2C), 26.1; HRESI-MS m/z calcd for CSHON101 [M+H]" 136.0762,
found 136.0757.

4-aminobenzonitrile (16g, 82%): '"H NMR (400 MHz, CDCls) 6 7.41 (dd, 2H, J = 8.6, 1.2 Hz), 6.64
(dd, 2H, J = 8.6, 1.2 Hz), 4.17 (brs, NH,); BC NMR (100 MHz, CDCl;) 6 150.5, 133.9(2C), 120.2,
114.6(2C), 100.4; HRESI-MS m/z calced for CTH6N2 [M+H]" 119.0604, found. 119.0605

aniline (16h, 18%): 'H NMR (400 MHz, CDCL3) § 7.13 (ddd, 2H, J = 7.5, 7.5, 1.2 Hz), 6.74 (tt, 1H, J
=175, 1.2 Hz), 6.65 (dd, 2H, J = 7.5, 1.2 Hz), 3.51(brs, NH,); *C NMR (100 MHz, CDCl;) § 146.3,
129.2(2C), 118.4, 115.0(2C)

1-((4-aminophenyl)sulfonyl)-1H-indole (16j, 80%): 'H NMR (400 MHz, CDCl;) § 7.97 (dd, 1H, J =
8.3, 1.2 Hz), 7.66 (dd, 2H, J = 9.1, 2.4 Hz), 7.55(d, 1H, J = 3.6 Hz), 7.52(d, 1H, J = 8.3 Hz),
7.29 (ddd, 1H, J = 8.3, 8.3, 1.2 Hz), 7.20 (ddd, 1H, J = 8.3, 8.3, 1.2 Hz), 6.62 (d, 1H, J = 3.6 Hz),
6.55 (dd, 2H, J = 9.1, 2.4 Hz), 4.11(brs, NH,); *C NMR (100 MHz, CDCls) § 153.5, 151.3, 134.8,
130.7,129.1 (2C), 126.3 (2C), 124.2,122.9, 121.2, 113.9, 113.5, 108.4; HRESI-MS m/z calcd for
C14H13N202S [M+H]" 273.0692, found 273.0691.

4-aminobenzoic acid (16k, 61%): "H NMR (400 MHz, d*-DMSO0) & 7.62 (d, 2H, J = 8.4 Hz), 6.54 (dd,
2H, J = 8.4 Hz), 5.89 (brs, NH,); *C NMR (100 MHz, d*-DMS0) § 167.6, 153.2, 131.3(2C), 116.9,
112.6(2C); HRESI-MS m/z calcd for CTH7N102 [M+H]" 138.0550, found 138.0539.

4-aminobenzaldehyde (161, 40%): 'H NMR (400 MHz, d-DMSO0) § 9.56 (s, 1H), 7.54 (d, 2H, J = 8.7
Hz), 6.62 (d, 2H, J = 8.7 Hz), 4.14; *C NMR (100 MHz, d°-DMSO) § 189.7, 155.3(2C), 132.2, 124.8,
113.1(2C); HRESI-MS m/z calcd for CTH7N101 [M+H]" 122.0600, found 122.0610

4-fluoroaniline (16m, 73%): '"H NMR (400 MHz, CDCl;) & 6.84-6.78 (m, 2H), 6.56-6.51 (m, 2H),
3.51(brs, NH2); >C NMR (100 MHz, CDCly) § 156.1(d, J = 235 Hz, C-F), 142.4, 115.8(2C),
115.3(2C); HRESI-MS m/z calcd for CGH6FIN1 [M+H]" 112.0557, found 112.0558.

4-chloroaniline (16n, 21%): '"H NMR (400 MHz, CDCl3) 8 7.09 (d, 2H, J = 8.6 Hz), 6.58 (d, 2H, J =
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8.6 Hz), 3.45(brs, NH,); *C NMR (100 MHz, CDCly) & 145.4, 129.2(2C), 123.2, 116.3(2C);
HRESI-MS m/z caled for C6H6N1CI1 [M+H]" 128.0262, found 128.0263.

CN

160
NH,

3-aminobenzonitrile (160, 22%): '"H NMR (300 MHz, CDCl;) 6 7.16 (dd, 1H, J=17.2, 7.2 Hz), 6.94 (d,
1H, J = 7.2 Hz), 6.83-6.77 (m, 2H), 3.82 (brs, NH,); *C NMR (75 MHz, CDCl;) & 147.0, 130.2(2C),
122.1, 119.3, 117.6, 113.1; HRESI-MS m/z calcd for CTH6N2 [M+H]" 119.0604, found. 119.0612.
Fluorescent excitation/emission: 307/392 nm, quantum yield ® = 0.002 in DMF.

CN
CN

16p
NH,

4-aminophthalonitrile (16p, 78%): '"H NMR (400 MHz, d*-DMSO) & 7.64 (d, 1H, J = 8.7 Hz), 7.03 (d,
1H, J = 2.4 Hz), 6.68 (dd, 1H, J = 8.7, 2.4 Hz), 6.72 (brs, NH,); *C NMR (100 MHz, d6-DMSO) &
153.2, 135.1, 117.6, 117.3, 117.1, 116.5, 115.6, 97.9; HRESI-MS m/z calcd for CSH5N3 [M+Na]"

166.0400, found 166.0380. Fluorescent excitation/emission: 304/404 nm, quantum yield ® = 0.570 in
DMF.
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Fluorescent measurement
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Excitation wavelength was 320 nm; QYs were measured with integral sphere.

Figure S1. Absorption and fluorescence spectra of probe and corresponding product

Sample Preparation and Detection Procedure

Normal rat serum (100 pL) purchased from Wako Pure Chemical Industry Ltd. was treated with
acrolein 100 pL (>100-fold equivalent to serum proteins) for a specific number of days (0, 1, 20, or 60
d). After which, the sample was diluted to 1 mL with distilled water. Fresh urine samples (100 pL)
were supplied from C57BL/6 mouse of RIKEN bio-resource center and diluted 20-fold with distilled
water. To a solution of nitroarene probe 15p (1.7 mg, 10.0 pmol) and CaCl, (5.5 mg, 50.0 pmol) in
DMF-H,0 (50 puL) was added a given urine sample. After stirring for 5 h at 100 °C, the crude reaction

mixture was filtered, and the resulting filtrate was measured by spectrofluorometer at 340 nm/404 nm.

ELISA Assay

The measurement was conducted with the Enzyme Linked Immunosorbent Assay (ELISA) kit system
(TAKARA, Acrolein-Lysine adduct competitive ELISA kit) and followed by attached instructions.
The absorbance at 450 nm was measured using micro plate reader (ImmunoMini NJ1000). Data

represent averages of more than twice assay with standard deviations from individual experiments.

57



S 3CHik
1. Alarcon, R. A., Acrolein. IV. Evidence for the formation of the cytotoxic aldehyde acrolein from

enzymatically oxidized spermine or spermidine. Arch Biochem Biophys 1970, 137 (2), 365-72.
2. Kehrer, J. P.; Biswal, S. S., The molecular effects of acrolein. Toxicol Sci 2000, 57 (1), 6-15.

3. Kimes, B. W.; Morris, D. R., Preparation and stability of oxidized polyamines. Biochim Biophys
Acta 1971, 228 (1), 223-34.

4, Houen, G.; Bock, K.; Jensen, A. L., HPLC and NMR investigation of the serum amine oxidase
catalyzed oxidation of polyamines. Acta Chem Scand 1994, 48 (1), 52-60.

5. Hensley, K.; Robinson, K. A.; Gabbita, S. P.; Salsman, S.; Floyd, R. A., Reactive oxygen species,
cell signaling, and cell injury. Free Radic Biol Med 2000, 28 (10), 1456-62.

6. Stevens, J. F.; Maier, C. S., Acrolein: sources, metabolism, and biomolecular interactions relevant to

human health and disease. Mol Nutr Food Res 2008, 52 (1), 7-25.

7. Uchida, K.; Kanematsu, M.; Morimitsu, Y.; Osawa, T.; Noguchi, N.; Niki, E., Acrolein is a product
of lipid peroxidation reaction. Formation of free acrolein and its conjugate with lysine residues in oxidized low

density lipoproteins. J Biol Chem 1998, 273 (26), 16058-66.

8. West, J. D.; Marnett, L. J., Endogenous reactive intermediates as modulators of cell signaling and

cell death. Chem Res Toxicol 2006, 19 (2), 173-94.

9. Sharmin, S.; Sakata, K.; Kashiwagi, K.; Ueda, S.; Iwasaki, S.; Shirahata, A.; Igarashi, K., Polyamine
cytotoxicity in the presence of bovine serum amine oxidase. Biochem Biophys Res Commun 2001, 282 (1),

228-35.

10. Yoshida, M.; Tomitori, H.; Machi, Y.; Hagihara, M.; Higashi, K.; Goda, H.; Ohya, T.; Niitsu, M.;
Kashiwagi, K.; Igarashi, K., Acrolein toxicity: Comparison with reactive oxygen species. Biochem Biophys Res
Commun 2009, 378 (2), 313-8.

11. Alarcon, R. A.; Meienhofer, J., Formation of the cytotoxic aldehyde acrolein during in vitro

degradation of cyclophosphamide. Nat New Biol 1971, 233 (42), 250-2.

12. Shao, B.; Fu, X.; McDonald, T. O.; Green, P. S.; Uchida, K.; O'Brien, K. D.; Oram, J. F.; Heinecke,
J. W., Acrolein impairs ATP binding cassette transporter Al-dependent cholesterol export from cells through
site-specific modification of apolipoprotein A-I. J Biol Chem 2005, 280 (43), 36386-96.

13. Vindis, C.; Escargueil-Blanc, 1.; Elbaz, M.; Marcheix, B.; Grazide, M. H.; Uchida, K.; Salvayre, R.;
Neégre-Salvayre, A., Desensitization of platelet-derived growth factor receptor-beta by oxidized lipids in

vascular cells and atherosclerotic lesions: prevention by aldehyde scavengers. Circ Res 2006, 98 (6), 785-92.

58



14. Vindis, C.; Escargueil-Blanc, 1.; Uchida, K.; Elbaz, M.; Salvayre, R.; Negre-Salvayre, A., Lipid
oxidation products and oxidized low-density lipoproteins impair platelet-derived growth factor receptor activity

in smooth muscle cells: implication in atherosclerosis. Redox Rep 2007, 12 (1), 96-100.

15. Calingasan, N. Y.; Uchida, K.; Gibson, G. E., Protein-bound acrolein: a novel marker of oxidative

stress in Alzheimer's disease. J Neurochem 1999, 72 (2), 751-6.

16. Hamann, K.; Durkes, A.; Ouyang, H.; Uchida, K.; Pond, A.; Shi, R., Critical role of acrolein in
secondary injury following ex vivo spinal cord trauma. J Neurochem 2008, 107 (3), 712-21.

17. Satoh, K.; Yamada, S.; Koike, Y.; Igarashi, Y.; Toyokuni, S.; Kumano, T.; Takahata, T.; Hayakari,
M.; Tsuchida, S.; Uchida, K., A 1-hour enzyme-linked immunosorbent assay for quantitation of acrolein- and

hydroxynonenal-modified proteins by epitope-bound casein matrix method. Anal Biochem 1999, 270 (2), 323-8.

18. Kawai, Y.; Furuhata, A.; Toyokuni, S.; Aratani, Y.; Uchida, K., Formation of acrolein-derived

2'-deoxyadenosine adduct in an iron-induced carcinogenesis model. J Biol Chem 2003, 278 (50), 50346-54.

19. Akatsuka, S.; Aung, T. T.; Dutta, K. K.; Jiang, L.; Lee, W. H.; Liu, Y. T.; Onuki, J.; Shirase, T.;
Yamasaki, K.; Ochi, H.; Naito, Y.; Yoshikawa, T.; Kasai, H.; Tominaga, Y.; Sakumi, K.; Nakabeppu, Y.; Kawai,
Y.; Uchida, K.; Yamasaki, A.; Tsuruyama, T.; Yamada, Y.; Toyokuni, S., Contrasting genome-wide distribution
of 8-hydroxyguanine and acrolein-modified adenine during oxidative stress-induced renal carcinogenesis. Am J

Pathol 2006, 169 (4), 1328-42.

20. Zarkovic, K.; Uchida, K.; Kolenc, D.; Hlupic, L.; Zarkovic, N., Tissue distribution of lipid

peroxidation product acrolein in human colon carcinogenesis. Free Radic Res 2006, 40 (6), 543-52.

21. Schaefer, S.; Kajimura, M.; Tsuyama, S.; Uchida, K.; Sato, E.; Inoue, M.; Suematsu, M.; Watanabe,
K., Aberrant utilization of nitric oxide and regulation of soluble guanylate cyclase in rat diabetic retinopathy.

Antioxid Redox Signal 2003, 5 (4), 457-65.

22. Tuchi, Y.; Kaneko, T.; Matsuki, S.; Ishii, T.; Ikeda, Y.; Uchida, K.; Fujii, J., Carbonyl stress and
detoxification ability in the male genital tract and testis of rats. Histochem Cell Biol 2004, 121 (2), 123-30.

23. Cameron-Schaefer, S.; Kondo, K.; Ishige, A.; Tsuyama, S.; Uchida, K.; Hanawa, T.; Suematsu, M.;
Watanabe, K., Maintaining the redox-balance intact: gosha-jinki-gan but not insulin activates retinal soluble

guanylate cyclase in diabetic rats. Ophthalmic Res 2006, 38 (2), 95-104.

24, Yong, P. H.; Zong, H.; Medina, R. J.; Limb, G. A.; Uchida, K.; Stitt, A. W.; Curtis, T. M., Evidence
supporting a role for N-(3-formyl-3,4-dehydropiperidino)lysine accumulation in Miiller glia dysfunction and

death in diabetic retinopathy. Mol Vis 2010, 16, 2524-38.

25. Tuchi, Y.; Okada, F.; Takamiya, R.; Kibe, N.; Tsunoda, S.; Nakajima, O.; Toyoda, K.; Nagae, R.;
Suematsu, M.; Soga, T.; Uchida, K.; Fujii, J., Rescue of anaemia and autoimmune responses in SOD1-deficient

mice by transgenic expression of human SOD1 in erythrocytes. Biochem J 2009, 422 (2), 313-20.

59



26. Tuchi, Y.; Kibe, N.; Tsunoda, S.; Suzuki, S.; Mikami, T.; Okada, F.; Uchida, K.; Fujii, J.,
Implication of oxidative stress as a cause of autoimmune hemolytic anemia in NZB mice. Free Radic Biol Med

2010, 48 (7), 935-44.

27. Tomitori, H.; Usui, T.; Saeki, N.; Ueda, S.; Kase, H.; Nishimura, K.; Kashiwagi, K.; Igarashi, K.,
Polyamine oxidase and acrolein as novel biochemical markers for diagnosis of cerebral stroke. Stroke 2005, 36

(12), 2609-13.

28. Shi, R.; Rickett, T.; Sun, W., Acrolein-mediated injury in nervous system trauma and diseases. Mo/

Nutr Food Res 2011, 55 (9), 1320-31.

29. Esterbauer, H.; Schaur, R. J.; Zollner, H., Chemistry and biochemistry of 4-hydroxynonenal,
malonaldehyde and related aldehydes. Free Radic Biol Med 1991, 11 (1), 81-128.

30. Huang, Y. J.; Jin, M. H.; Pi, R. B.; Zhang, J. J.; Ouyang, Y.; Chao, X. J.; Chen, M. H.; Liu, P. Q.;
Yu, J. C.; Ramassamy, C.; Dou, J.; Chen, X. H.; Jiang, Y. M.; Qin, J., Acrolein induces Alzheimer's disease-like
pathologies in vitro and in vivo. Toxicol Lett 2013, 217 (3), 184-91.

31. Leung, G.; Sun, W.; Zheng, L.; Brookes, S.; Tully, M.; Shi, R., Anti-acrolein treatment improves
behavioral outcome and alleviates myelin damage in experimental autoimmune encephalomyelitis mouse.

Neuroscience 2011, 173, 150-5.

32. Pocernich, C. B.; Cardin, A. L.; Racine, C. L.; Lauderback, C. M.; Butterfield, D. A., Glutathione
elevation and its protective role in acrolein-induced protein damage in synaptosomal membranes: relevance to

brain lipid peroxidation in neurodegenerative disease. Neurochem Int 2001, 39 (2), 141-9.

33. Powick, W., A new test for acrolein and its bearing on rancidity in fats. Industrial and Engineering

Chemistry 1923, 15, 66-66.

34, Pradipta, A. R. S., ElenaTakamatsu, Masayuki; Kurbangalieva, A.; Tanaka, K., Progress in the
Development of Reaction-Based Sensors

for Detection of Acrolein in Biological Samples. BioNanoScience 2016, 6 (4), 473.

35. Alarcon, R. A., Fluorometric determination of acrolein and related compounds with m-aminophenol.

Anal Chem 1968, 40 (11), 1704-8.

36. Bohnenstengel, F.; Eichelbaum, M.; Golbs, E.; Kroemer, H. K., High-performance liquid
chromatographic determination of acrolein as a marker for cyclophosphamide bioactivation in human liver

microsomes. J Chromatogr B Biomed Sci Appl 1997, 692 (1), 163-8.

37. Boor, P. J.; Ansari, G. A., High-performance liquid chromatographic method for quantitation of
acrolein in biological samples. J Chromatogr 1986, 375 (1), 159-64.

38. Biildt, A.; Karst, U., 1-Methyl-1-(2,4-dinitrophenyl)hydrazine as a New Reagent for the HPLC

60



Determination of Aldehydes. Anal Chem 1997, 69 (17), 3617-22.

39. Togashi, M.; Terai, T.; Kojima, H.; Hanaoka, K.; Igarashi, K.; Hirata, Y.; Urano, Y.; Nagano, T.,
Practical fluorescence detection of acrolein in human plasma via a two-step tethering approach. Chem Commun

(Camb) 2014, 50 (95), 14946-8.

40. Rachmat, P. A.; Misako, T.; Ikuhiko, N.; Elena, S.; Almira, K.; Shinobu, K.; Naoyuki, T.; Katsunori,
T., Uncatalyzed Click Reaction between Phenyl Azides and Acrolein: 4-Formyl-1,2,3-Triazolines as “Clicked”
Markers for Visualizations of Extracellular Acrolein Released from Oxidatively Stressed Cells. ACS Sensors

2016, 1 (5), 623-632.

41. Uchida, K.; Kanematsu, M.; Sakai, K.; Matsuda, T.; Hattori, N.; Mizuno, Y.; Suzuki, D.; Miyata, T.;
Noguchi, N.; Niki, E.; Osawa, T., Protein-bound acrolein: potential markers for oxidative stress. Proc Natl Acad
Sci US A 1998, 95 (9), 4882-7.

42. Zhang, X.; Lai, Y.; McCance, D. R.; Uchida, K.; McDonald, D. M.; Gardiner, T. A.; Stitt, A. W.;
Curtis, T. M., Evaluation of N (epsilon)-(3-formyl-3,4-dehydropiperidino)lysine as a novel biomarker for the
severity of diabetic retinopathy. Diabetologia 2008, 51 (9), 1723-30.

43, Maeshima, T.; Honda, K.; Chikazawa, M.; Shibata, T.; Kawai, Y.; Akagawa, M.; Uchida, K.,
Quantitative analysis of acrolein-specific adducts generated during lipid peroxidation-modification of proteins in

vitro: identification of N(t)-(3-propanal)histidine as the major adduct. Chem Res Toxicol 2012, 25 (7), 1384-92.

44, Tran, T. N.; Kosaraju, M. G.; Tamamizu-Kato, S.; Akintunde, O.; Zheng, Y.; Bielicki, J. K.;
Pinkerton, K.; Uchida, K.; Lee, Y. Y.; Narayanaswami, V., Acrolein modification impairs key functional
features of rat apolipoprotein E: identification of modified sites by mass spectrometry. Biochemistry 2014, 53

(2), 361-75.

45. Tanaka, N.; Tajima, S.; Ishibashi, A.; Uchida, K.; Shigematsu, T., Immunohistochemical detection
of lipid peroxidation products, protein-bound acrolein and 4-hydroxynonenal protein adducts, in actinic elastosis

of photodamaged skin. Arch Dermatol Res 2001, 293 (7), 363-7.

46. Shibata, N.; Hirano, A.; Hedley-Whyte, E. T.; Dal Canto, M. C.; Nagai, R.; Uchida, K.; Horiuchi,
S.; Kawaguchi, M.; Yamamoto, T.; Kobayashi, M., Selective formation of certain advanced glycation end
products in spinal cord astrocytes of humans and mice with superoxide dismutase-1 mutation. Acta Neuropathol

2002, 104 (2), 171-8.

47. Kudo, A.; Kashiwagi, S.; Kajimura, M.; Yoshimura, Y.; Uchida, K.; Arii, S.; Suematsu, M., Kupffer
cells alter organic anion transport through multidrug resistance protein 2 in the post-cold ischemic rat liver.

Hepatology 2004, 39 (4), 1099-109.

48. Luo, J.; Uchida, K.; Shi, R., Accumulation of acrolein-protein adducts after traumatic spinal cord

injury. Neurochem Res 2005, 30 (3), 291-5.

61



49. Tanaka, K.; Katsumura, S., Highly stereoselective asymmetric 6pi-azaelectrocyclization utilizing the
novel 7-alkyl substituted cis-1-amino-2-indanols: formal synthesis of 20-epiuleine. J Am Chem Soc 2002, 124
(33), 9660-1.

50. Tanaka, K.; Masuyama, T.; Hasegawa, K.; Tahara, T.; Mizuma, H.; Wada, Y.; Watanabe, Y.;
Fukase, K., A submicrogram-scale protocol for biomolecule-based PET imaging by rapid 6
pi-azaelectrocyclization: Visualization of sialic acid dependent circulatory residence of glycoproteins.

Angewandte Chemie-International Edition 2008, 47 (1), 102-105.

51. Tanaka, K.; Fukase, K.; Katsumura, S., Exploring a Unique Reactivity of 6 pi-Azaelectrocyclization
to Enzyme Inhibition, Natural Products Synthesis, and Molecular Imaging: An Approach to Chemical Biology
by Synthetic Chemists. Synlett 2011, (15), 2115-2139.

52. Tanaka, K.; Siwu, E.; Hirosaki, S.; Iwata, T.; Matsumoto, R.; Kitagawa, Y.; Pradipta, A.; Okumura,
M.; Fukase, K., Efficient synthesis of 2,6,9-triazabicyclo[3.3.1]nonanes through amine-mediated formal [4+4]
reaction of unsaturated imines. Tetrahedron Letters 2012, 53 (44), 5899-5902.

53. Tanaka, K.; Kitadani, M.; Tsutsui, A.; Pradipta, A. R.; Imamaki, R.; Kitazume, S.; Taniguchi, N.;
Fukase, K., A cascading reaction sequence involving ligand-directed azaelectrocyclization and
autooxidation-induced fluorescence recovery enables visualization of target proteins on the surfaces of live cells.

Org Biomol Chem 2014, 12 (9), 1412-8.

54. Pradipta, A.; Tanaka, K., Unexplored Reactivity of N-Alkyl Unsaturated Imines: A Simple
Procedure for Producing Optically Active 1,3-Diamines via a Stereocontrolled Formal [4+2] and [4+2+2]

Iminocycloaddition. Bulletin of the Chemical Society of Japan 2016, 89 (3), 337-345.

55. Pradipta, A.; Tanaka, K., SYNTHESIS OF 3,7,9-AND 2,6,9-TRIAZABICYCLO[3.3.1]NONANE
DERIVATIVES. Heterocycles 2013, 87 (10), 2001-2014.

56. Tanaka, K.; Matsumoto, R.; Pradipta, A.; Kitagawa, Y.; Okumura, M.; Manabe, Y.; Fukase, K.,
Facile Preparation of 1,5-Diazacyclooctanes from Unsaturated Imines: Effects of the Hydroxyl Groups on [4+4]

Dimerization. Synlett 2014, 25 (7), 1026-1030.

57. Pradipta, A.; Tsutsui, A.; Ogura, A.; Hanashima, S.; Yamaguchi, Y.; Kurbangalieva, A.; Tanaka, K.,
Microfluidic Mixing of Polyamine with Acrolein Enables the Detection of the [4+4] Polymerization of
Intermediary Unsaturated Imines: The Properties of a Cytotoxic 1,5-Diazacyclooctane Hydrogel. Synlett 2014,
25 (17), 2442-2446.

58. Tsutsui, A.; Pradipta, A.; Saigitbatalova, E.; Kurbangalieva, A.; Tanaka, K., Exclusive formation of
imino[4+4]cycloaddition products with biologically relevant amines: plausible candidates for acrolein

biomarkers and biofunctional modulators. Medchemcomm 2015, 6 (3), 431-436.

59. Okada, T.; Nakamura, S., [Role of S1P acting both inside and outside the cells]. Seikagaku 2012, §4

62



(2), 92-101.

60. Tsunoda, M., [Role of -catecholamine metabolism in blood pressure regulation using

chemiluminescence reaction detection]. Yakugaku Zasshi 2008, 128 (11), 1589-94.

61. Fuentes, L.; Osorio, U.; Quintero, L.; Hopfl, H.; Vazquez-Cabrera, N.; Sartillo-Piscil, F., Direct
chemical method for preparing 2,3-epoxyamides using sodium chlorite. J Org Chem 2012, 77 (13), 5515-24.

62. Takamatsu, M.; Fukase, K.; Kurbangalieva, A.; Tanaka, K., Imino [4+4] cycloaddition products as
exclusive and biologically relevant acrolein-amine conjugates are intermediates of

3-formyl-3,4-dehydropiperidine (FDP), an acrolein biomarker. Bioorg Med Chem 2014, 22 (22), 6380-6.

63. Furuhata, A.; Ishii, T.; Kumazawa, S.; Yamada, T.; Nakayama, T.; Uchida, K,
N(epsilon)-(3-methylpyridinium)lysine, a major antigenic adduct generated in acrolein-modified protein. J Biol
Chem 2003, 278 (49), 48658-65.

64. Aizpurua, J. M.; Palomo, C.; Fratila, R. M.; Ferrdn, P.; Benito, A.; Gomez-Bengoa, E.; Miranda, J.
L; Santos, J. 1., Mechanistic insights on the magnesium(Il) ion-activated reduction of methyl benzoylformate

with chelated NADH peptide beta-lactam models. J Org Chem 2009, 74 (17), 6691-702.

65. Sharma, S.; Kumar, M.; Kumar, V.; Kumar, N., Metal-free transfer hydrogenation of nitroarenes in
water with vasicine: revelation of organocatalytic facet of an abundant alkaloid. J Org Chem 2014, 79 (19),
9433-9.

66. Janosik, T.; Shirani, H.; Wahlstrom, N.; Malky, [.; Stensland, B.; Bergman, J., Efficient sulfonation
of 1-phenylsulfonyl-1H-pyrroles and 1-phenylsulfonyl-1H-indoles using chlorosulfonic acid in acetonitrile.

Tetrahedron 2006, 62 (8), 1699-1707.

67. Foot, J.; Kanno, H.; Giblin, G.; Taylor, R., Esters and amides from activated alcohols using

manganese(IV) dioxide: Tandem oxidation processes. Synthesis-Stuttgart 2003, (7), 1055-1064.

68. Oshima, J.; Shiobara, S.; Naoumi, H.; Kaneko, S.; Yoshihara, T.; Mishra, A. K.; Tobita, S., Extreme
fluorescence sensitivity of some aniline derivatives to aqueous and nonaqueous environments: mechanistic

study and its implication as a fluorescent probe. J Phys Chem A 2006, 110 (14), 4629-37.

69. Wang, R., Two's company, three's a crowd: can H2S be the third endogenous gaseous transmitter?

FASEB J 2002, 16 (13), 1792-8.

70. Takamatsu, M.; Fukase, K.; Oka, R.; Kitazume, S.; Taniguchi, N.; Tanaka, K., A Reduction-Based
Sensor for Acrolein Conjugates with the Inexpensive Nitrobenzene as an Alternative to Monoclonal Antibody.

Scientific Reports 2016, 6.

63



