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Abstract

Coloring with metal coordination is important in constructing the metal sensors. In this study,
We aimed for the synthesis of compounds that lose their protection due to metal coordination and
color accordingly. The leuco compound formed by reduction of Methylene Blue is an unstable
compound that is easily oxidized and colored. Therefore, we aimed to protect the reduced form of
leuco, and convert the reduced form to have metal coordination moiety.

It was possible to protect and stably isolate Leucomethylene Blue 1, and convert to
Leucomethylene Blue 2 capable of metal coordination. In the process of converting
Leucomethylene Blue 2 into metal coordinated leuco 2, the color of the solution turned dark blue
when iron(lll) ion was added. By the measurement of ESI-MS, the appearance of metal
coordination, elimination of protecting groups, and regenaration of Methylene Blue were
confirmed.
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AL, B L2 S D BRI SR 5. BRI
FEMETHERBA A NG U TSR R D2, FICHE
FHTINORDBI TV =T, ¥/ TXAN Y,
AV I AT b—, BRIATMHOLRHEEY V08—
EUDUREDE Y DBk, A X2V BRI EDH
WHENTWD[R2]. BRI R LT 4 Vo7 Xar T
WCRESND nBFRAHS T, RO THOND A

REIFILO,X ) R VT =R, TV, NIT U —
WAL LRI ENRD D KRN ENENRR > T
2[3].

FEREME 252 Td D Methylene Blue X35 HEVEYLRI O —FE
THK, =F =T B & Hs 9 5. Methylene Blue
WK CIEETANC LD THRTH D EED
Leucomethylene Blue %4 U, FE{tAINZ & ¥ st OFE{LIE~E
D, BEAT LI N0, BLETEREL LTHWLR
%. Methylene Blue 233870 S TAER L7c 1 A 2 {RIZEEL
ENRT L ARLRERLAM TH D120, BHRKE FOFRT
TRAEZELILEND Y, KKF ToOMPITZEK[ L%
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WL, & BICER#E L v A 2R~ & BRI O
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2. REEAMATREGERE DS IR 2DERK

% 7 Methylene Blue ®DiELH TH 5 Leucomethylene
Blue Z#{## L CLEICHMEL, & T 2,2 -dipicolylamine

T 25 2 & TRBRAELOEAEZ By L L THER
%#1T-> 7= (X 1). Methylene Blue ®izZ5t#4l & L T Rongalite
ZIER L, R THA IH7Z Leucomethylene Blue &
4-chloro-2-methylbenzoyl chroride DI L 0 fRi#ER A =
1 % 68% DR THRK LT[4].

oW T{#En A 2{f1 % 100mL 727 2=120.30 g
& CHCN 20 mL (27 f# L, 2,2°-dipicolylamine % 0.15 mL,
KI % 0.08 g, N,N-diisopropylethylamine % 1.15 mL %l %,
EHRKR FT 11 R INEGERE L7z, TLC TRIGHEEE,
NThraw T T7 4 —ZTHEL, Ao 2k 2
% 30%D IR TH-. A5 D2 £ 2V T NMR JIlE,
APCI-MS JIEIZ & 0 #E RN 21T o 72

H-NMR I DFER, Blfre A 2K 2 O 2 FIVIDKFE
732.93 ppm, X UL D IKFE N E FLEH13.65, 3.73 ppm,
U UBRDKFEN 7.23,7.44,7.60, 850 ppm, NP B
DIKFED 6.46,6.79, 7.23, 7.36 ppm [CFERTE, O LR
W—EKER L (K2).

DEPT45 MFETIX 7 U v AT A—ZBHIe D, 44k
RFED T FIVNHEET D, 1295, 1304, 136.4, 1420,
149.8, 160.6, 169.0 ppm D 7 F I NBNHK L= Z &b, K
3NT*CRT 7 D 4 MIRBOFIED R TE 2. [k
|2 DEPT135 7€ Ti% 2 MRIRFED > 7 FNVina D 7
& LTHIN, 586, 60.4 ppm D 7 F LA 2 FEEED 2 iz
FL L THRTE. BC-NMR HIE T A FILVEDKRSE
23 40.6 ppm, &V O 3MkERFEN 111.0, 111.4, 122.9, 123.1,
128.0, 129.3, 137.2, 149.8 ppm |2 9 flifEMER T 7= (K 3).

APCI-MS JIE D#EH, 601.4,623.3 123 7 FARELN
7o. 6014 (TR = A 34K 2 1 HE AL =
(CasHasNsOS+HY D E T H ¥, 6233 1Fhhr 1 2R 2 12
Nfﬁﬁ%bt@ﬁhﬂ@&Nﬂ@E%T%é.
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e\ T, 2,2’-dipicolylamine {3 ¥ |Z 3,3 -dipicolylamine
AW TEREZITD, @BENELAARZR DR 0 A =
& 3 & 25%DIERTHEK LTZ. /LN EmHIzoONT
NMR #l5E, APCI-MS JIEI & 0 #EERT 24T > 72

IH-NMR I DOFEF, A FLFEOKFEA 2.94 ppm, N
UL DOKFED 3,59, 3.66 ppm ICHEFER CE . F2, BV
UUBRENRUVEUEROKFEN 6.48, 6.80, 7.24, 7.30, 7.38,
7.50,7.91, 8,59, 8.67 ppm (2 7/ T NHERTE, YLD
BOVLW—#ZER L.

BC-NMR TEOLNZYZ LD 5EH, DEPT4S Tik
129.7, 133.0, 135.7, 135.8, 139.0, 148.4, 168.5 ppm D 7'
VIER L, TRREED 4 RIRFBDAFEDHER TE /2. 24k
B33 55.1, 58.2 ppm DL FF b, A FILIEDRFEIT 40.9
ppm O 7 F Al LCHENZ. D O 3 fiRFEiT 1110,
111.1, 124.7, 127.1, 128.5, 129.2, 139.8, 145.7, 146.8 ppm O
Il LT BEMERR TR .

APCI-MS I D#ER, 6012 \Zv 7 FANELNT-.
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L EOHIER RN, BRI L 324 BB FTRE /R IE T
g 2R3 OARICHEI L, i o A 2K 1 ~DOFFELE
BN OBANFRETH D Z ENRH LN Lo T,

4. BAIOA 2K 2 ~AOBEEREIEDRM

BT, B DN BENT FTRE g el v o 2k 2 & H
W, @ RENCHNLIC A LR RS EIE (Cu?, Fe®,
Pb2*, Ni?*, Zn?*, Co?") & Fihr S ¥ 7=,

FEBIIEULE A 2R 2 2 2mL P T AEIC 3mg & o
T CH2Cl2 & CH3OH @ 1:1 OIRATRIEE 2 mL IZEEfiE L, %
OREFEIBEFEREBE 3mg ZRML T 7 0 A 3—F
JLVTCHHR L. ZORE, Fe 2RI LA ICRWER
WIZEfEL, Cu¥, Zn®, Co* M LS aIc b AT EET
DT ENBRIZTHERTE T,

FEVC, BN P A 2R 2 IS KRR RIS B 2 i L
T2HHRIZ DUV T ESI-MS HITEZAT - 7. £ OFER Cu & i
DU 7235 BT ITRNE 2 A =14 2 23 601.2 (CasHasNsOS+H*)

B S D &R, 8RR L7 2-Cu?*2s 698.3
(2+Cu?*+CI"), 762.1 (2+Cuz+CION)IZBLH & 2, $5R 3 B L
BN AR L CARL L7253 4 4 73 348.1 (Ca0H17N3Os+H")

2, o 4 NEERL L T2 4-Cu? A 445.1 (4+Cu?*+Cl),
509.0 (4+Cu?+CIOs WAl S 47z, F7o, RO BLAR
# X172 Methylene Blue (C16H1sN3S *)2% 284.2 (2Ll <4,
BREROBAENRA LN E o7 (X 4).
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—7J, F" U L2568 123l v A 2K 2 35 KL O%E
TERR U7z 2-Fe 3Bl S g, 0fi##) 4 (CooH17N3Os+HY)
2N 348112, SrfRM) 4 ISEETURL LTz 4-Fe¥ s 473.2
(4+Fe3*+2CI"), 536.8 (4+Fe3*+CI+ClON )\ & i=. F
7=, ML S 7= Methylene Blue 7% 284.2 (258 GRE CH#L
BEh, BOEGICEET 2 BHEOBRE B L (K5).
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Ll o> ESI-MS iﬁuffﬁ’%%ot v, Cu* &I L7356 %
WCLTERDE, Bihrm A 2R 215 Cu> DI KV 8
TERL LTz 2-Cur ~E BB E NG, T 2-Cu® DRy
IALDIKFA A gl &R d &Ikl
el LU TRTE S 4L, 2 ORRIC Uik T
T X RETRoT i 4 LR 4 DEETERL L T2 4-Cu?
DI SN D[5]. F=lifri#E S5 Z & T Methylene Blue
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oot oot
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—J7, FeX BN UL 5A1TIE, B v A 2k 2 ~D8
TRk, WifrisErER u@ﬁﬂ"ék [6], g4 &
4-Fe®, Methylene Blue D A3 S, BVWHRIZE
THEZZLND. ZOBRRIFSZRMUIZLEIZDORHR
FrEAIZA BT,
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K& H T Methylene Blue % Rongalite (2L ViEJCL,
LT, F<SIEBESnh THRIZR
STLEI. LLERKR FTRIGETY, a1 afkz
LT R#E o A 2K 12OV T, B ATREZR BV VL H
AT L0 T CERTL L TR A 2k 2 8RO 3
AR, RECHEET D Z LA TE.

S HIT, BRITBDBNL v A 2R 2~ TR R4 B
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HIENE BT ENHALMNE STz, I
ESI-MS ‘(E'JTTE%E%#% LIRS, FZIRMLIZEEICO
HENL T A TR 2 B X OBERL LT 2 BBl S0 g, B
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EZIE ESI-MS JEC L 0 B LA Bl S 4, Eﬂfi
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D BET D USSR S L.
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AR 75 1@ OVELOG T OO 28 FTRE 7 A 3R~ AR SO % i T
THZERDLND.
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