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EHOIZINFETIT, INOOFEREflio THEA RAVRIBUICRE L7284 2 W22 L Tl D, i
TR S U ORI T 5 =Z20FBARICOVTRAT S, BIEEMTIE, Ye ol IyyF
TF) T VHFEROFEFEOENIER L RNAETH S, HESEETIE, 7 I YEICH L TR
I T 5 oD EIZOWTHET 5. 1,5-F7F VU YV VHFESRIET I VHEICH LT, BhigiRRE T
R (ZFH A4 7Ly 7 2) 2B LERREIOLERT. 39—, T3I /XY IF ) UiFEKE HA &

THELLEBREICOWTTH .
A, TUEZTICE o TR L EE
WRIZESEEIZ DO W T OMETH D,
WHERMRINARE L LCHETE S,

1 #& =]

[EARE] EIFEN S 650 nm 54 5 1100 nm {3 D
B % E R RO E L, Ko AV F—oRER
TR LGB TE 22 dH VT o T, ERFEHEA
A=y v r7u—T7oEMLEmE L THEH SN TS,
ERER L2 A BT 20121, HOMO-LUMO ¥ v 7
NS KT BUERDY, FEUH O 7 35 R % Ik LB
BaRMe LRERMTZ2FERILIIMONTN S, flziE
EL oy Ly ESRAGEFRILEW Bk~
GEMRIEEZEA L2 S 0FEKRE, RSN o ik
EEWTETHME A ST - BRIRE TRERSEZRT I L
PHRBERIECTO— TR L LTOACRMERTY
L. —HENEICETF FF—HEfiEe 77 7y — il
I BA L7-WEiE, R 2R ERILEY O X
I ITHRBREASZNIZI EL R TORERISLERL, £
DETIRENS 7y ¥ 2 ZVRIERWE LI Tw 5,
BT FF—HEEEZTIHOMO N LT, BT 72717
F —PEERIEIE LUMO IO L Tl B2 52, #iRkE
L T HOMO-LUMO ¥ ¥ v 7AVN&L % 2 L TREE
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COMMIEIZT I 0 FF—Mrkbh b oAl - IR R
CEEDEET . Db, BIERICHLTRET S SO Ty v a T
INSIFIDERIE TRE {ALFMHENZL L 2 Vs ), HAH

FERhAIREEIC B\ TR 2 AT T BEIRTE, 32 b b0
FWEM /T HEREE (Intramolecular Charge Transfer, ICT)
L7, PRV BETIE0R VR BE & AR LA B S FRRC IR
T2 ehs, BEEERCIRERBLERT. —HT
MR A T O 54 % AT 4 BERRE (Electron Transfer,
ET) IC& 5T VA NEERHBTREICL S BLIGED7:
O, BHETPEMET T LI L1k, WEEEPTO
HEERLBELEIMNL—-FF 7OBBRPELTCLE
5.

FHOIWE, BN F-MEREELTT IR BT
7Ty —EBEEL LTI Y IV A O AFVIEEET S
73 %) ViFEA (TFMAQ) X7 X/ 18-F77F 1
Y VFHEAR (18Nap) 122\ T (Fig. 1), MR #0G 21
UL S & LT X 727", TFMAQ %° 18Nap 13—
Wi 7y ¥ 2 T VBFESCHE & RSB O Rk [ ARAE L
7FEFEE AR L, SRS TR R RIS L B
KOMTE/RLZ. T2 TFMAQ D7 I/ HEIZ 7 VF LIk
RT = NVEEBALEF P2 m05I L TICT %
TS EZ 2 EATE, WEHRO TFMAQ IZHRTEHIC
REEWIL - 5% /R L7z, 02 &iE, 73/ HEAEHR
HEBATLHIETETRELZHBMTEL I L 2EKRT
5. SFETHRELTE TV RARBISE OB & LT,
FATh 7z A F VIR 7 = =)V H %38 A L 72 TFMAQ-Me
% —Ph if: TN 18Nap-Me (F i Z DA LR T WIEE b A
T2 END, O NLILMH T OB AR 2 B
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Fig. 1 Molecular structures of TFMAQ and 18Nap

analogues

RIS SR L7, £72, TEMAQ % =27 I /% T
HAE L7z diTFMAQ-R (X, JEHIHIIC X - T2 ® TFMAQ
D 8 IRFE-IRFZTHEEGIE L I EY KA VN —fk
PR LT, WFROIBEYECB VT, IRETE% T
T RRMEEAA T W ZEN T D, F72, ERR%E
G LB OV THOME LTH Y, TFMAQ ~HL
EALREL AT HEMRELEA L7 TFIMAQ-X 2B W T
X, AV ITZFL 7)) T — VOLEHIC & o TRER T
By 2 TR P S NS, AT AR IE R #
k& D b TR T & 2 M E R IMAE YR ASHLAE TR
POREF/ A— P VOBRMPHZEETFHL,
THMQX’;éﬁA%%4x~§y7%$&LTw
' B 512, TFMAQ % ZHIEICHBR S 726 FA U

V' — VAR TFMAQ-PC-R T3 WGH AR AT 72 &
M, R & o T—HIEHRHEFAE L, HelafMilluz 7
RE—vAFHSEZENTER.

DLl X 912 TEMAQ X 18Nap iF8k1L, 7 3 / HE~i#
B2 MAT 5 2 L T2 RANTIIEICN S 2 BIR AR
WREEN TV, 40, IhoiFEAkE e LR
BB OWTHE T 5. BISEEIC O W TR 0
FRMICERL, 70 b NS X o THEREAH AT
5 Z LTI T S Turn-On BIFEIEEALIT DO W THL
W5 5. HWEEISETETIE, 7 3 YEICH L ChRIRE T
HWEERL (2394 7Ly 7 R), RERBLEZRT B
K15-F7FV) I IZOWT, FLEZBANYIF Y ¥
EHWRTIE, EREE 352 & TEA - FOLREKRE O
<Y, ZOBKISHLTT Y EZTHIRE LT 52 &
TIAEMEET 2H LT I Y MEZRE L. 2hs
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B ILIS B I W ITD KRE R b EE b2 ko 2 &8
Bz ENS, HARTRELRRBRIEE LToETsZE

NTE5.
2 IS AR AR

2-1 HFHE"Y

ARIZ BT, TERHLERE pH 2% 6.5 TH 5 DITH L,
IEEAMRO pHEIZK 74 TH D Z &R, MBNO VT
ATOVEDDY VY —APENTHE I LIFLLASN
TWwaW. L72dis T, MU TRET 2RMHEE, ~
AFARXA=T VT =NV ELTHETHS. —HRIHX
72 TEMAQ X 18Nap iF & HIIFEE FI2B VT, 73 /7
o7 b AL, BT FF—Madkbh b 2036
HHT 5. Lo THRUSEMIIGE LI KRT 5
Turn-On B ORI 2 B JE$ 5 7201213, TFMAQ X
18Nap FHEKD G T HWEF 12—V I T HUENDH 5.
A, BRIZISE S 5 Turn-On WIS IEE LT, 73
Dy RS E L CEA L oo =R Ve
FaA43I¥YF 759 Y VHEEARDHIm LT Fo ¥
VIV F 7YY VR DHPY & G L, *HRILAY
&L, mmm®7>/%’5nuyy%%§ltf
18Nap-pyrro % #:fii L, BRIGEYE & FU2E ) O AHBIMEC
wfﬁd%ﬁot(mgn.::f,mnmtDHw%E
FLZwvE &IZDHX & LTHRT.

2-2 BfE&E X REEHEn

(3 5 N72FFEARIZ O W TEBEEGE IS X ) R 21T 5
tkpé,MHm#DMmJ,J®2ﬁﬁ@§%,Mﬂy
TiE 1 /%, 18Nap-pyrro Tid 18Nap—pyrro-blue, —green
D 2WHDOL BTN ETNE Sz

S A7z B b & O TR L XSS fE AT (Single-
crystal X-ray Diffraction, SXRD) % 93 K T4T\>, FEAHlIC
Gr AR 2 72, DHIm-X (X=1 and 2) OHEIZBW
TF7F) Y reve v I8y — VEROFHMEEES
<, WFPMITH DI EIRENI. EHIT5 BEYF 75
YUY VBRI LA LI Ve FuAf I ¥V — VBN
@LQMNQ(EQO) 1%*~N9T%0 sp” TR

TRENS 1207 £ KRTAE L BATOS —J T,
DHPy 2BV TIZYE FOEY) IV VROEAIZL 5T
Tk IE DHIm-X & R TI T L 72,

DHIm-X, DHPy B35+ 7F ) T VEREMKT 5
DO VY OfEE R Z I L 28R, DHIm-1 I2B W
T, bY 7)vF X F VIR FFD Ring 1 DPIF#ERIEH
1.38A TH V), DHIm-2, DHPy [ZB VT kLKA R
MBBW SN, —7, Ring2 B2 FHRHEGREH
141 ATHY, Ring 1 LDHEIH 0.03AThHo7z. T/
SLREEROED, #ikd 5 Ring 1 & 2 D HFFEEOEN
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Fig. 2 (a-c) Absorption and fluorescence spectra of DHIm, DHPy and 18Nap-pyrro in various solvents (100 pM)
Table 1 Values of A™, A1, and @" for naphthyridine derivative (DHX and 18Nap-
pyrro) and their protonated analogues ([DHX-H]" and [18Nap-pyrro-H]") in
various solvent
solvents n-hexane CHCly AcOEt MeOH MeOH + HCI
DHIm [DHIm-H]*
A, /nm 412 408 416 404 372
A0 /nm (O™ %) 513 (1.8) 518 (1.8) 534 (1.4) 513 (2.3) 442 (7.9)
DHPy [DHPy-H]*
A, /nm 402 354 382 368 351
A0 /nm (@™ %) 380 (0.14) 440 (0.34) 443 (0.24) 435 (0.74) 402 (1.7)
18Nap-pyrro [18Nap-pyrro-H]"
A, /nm 388 396 396 396 362
A0 /nm (O™ %) 495 (34) 450 (41) 470 (15) 479 (1.6) n.d. (n.d.)
IZBtRT B % Fig. 2~7/" 3 (Table 1). DHIm T, 6H A E

GFy FUTIIBWT, DHX 134 I V2R T 58
FRT & G WG T B RFIRT & O THFHAKERE
ZH LTz, KFEHARIE DHIm-1 1258\ T 2.44 A,
DHIm-2 (25T 254 A, DHPy ICBWT 242A TH D,
IS DOKRFERAIEZA I VEFROWNEIENEI X > TR
ShiztEz 6N 5. WHILEY D 18Nap-pyrro ®F 7 F
VY VERPOY) IV BT AKAREIEIRIng 1,2 TL
NZENK 138, 1.39ATHY, ZDEIEH001ATH-
2. CORAEREOZEIDHX KL TNE o7z,

2:3 RN - XN MV

DHIm & DHPy (20T, K4 ZEHEHTOWRIL - F6
AT M Vll5E % n-hexane, CHCl;, AcOEt, MeOH i,
100 uM TH7 o 72, WIRAXZ P VIZBWT, W DHX &
TFMAQ %° 18Nap & I, WO EAZEAL LT H HE %
VS h a3 AARIZEHIE T, DHIm TIZEEHRET
W RS K P (A 25410 nm HiEETH o 72, — KT
DHPy O A, \EFGEBAKAF & 7R U 72 258 VR
T, nm-hexane & AcOEt HIZBWTIEH 390 nm, CHCI, &
MeOH H 12 B W T IE# 860 nm (2 BLll < 1172 (Fig. 2,
Table 1). KIZ DHX Off4 RBEHPFTORBARY F IV

(M) 73513 ~534 nm IS, WIRARY NV L
B2, 85N bz a3 XAMEAURE N FEE TR
(@) 131.4~23% LIMHEZ/R L7z, DHPy TI, A, 2
380 ~ 443 nm T DHIm & [RBEIZ 55 B BARAE % AV S
N7z, EHICRERTIEELKL, 0"=014~074% &
DHIm D 1/10 DETH - 72. n-hexane FIZBWT, AL 28
402 nm, @ A%0.14 % & IFEF IRl EZ R L7225, Zofh
DOEBEF BT A AR EM D 435 ~ 443 nm (2B
R, " AT024~0.74 % L LRHL TV RSO
DOFENTFENIEZH S 227 > TR WA, n-hexane ' C
1€ /<~ —THAEL, n-hexane USOB#EAIZBWTIZSY
A= —=R4 ) T —% EORHERRBE L ORI E 2
b,

—7Ji, 18Nap-pyrro {&, WK UFHHANRS P ViZB W
T, BN bra I Za%ERL, BEOBEAE L
B BIEE A EEEMICY 7 b L7z (Fig. 2, Table 1).
X512, @"MIZDHX X Y K &<, n-hexane, CHCl;, AcOFt,
MeOH TIZZNZFN 34, 41, 15, 1.6 % ThH-o72. DIk
WYL b7 a3 X AR, DLETICHR S 172 18Nap i
KORH L FAMETH - 72",
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2-4 DFT 58 : FERM OWREE

DHX OWILA R bV p B3 5N 72 E - REE 5 72
% DFT #5247\, B 201l (Highest Occupied
Molecular Orbital, HOMO) & {7225 T8 (Lowest
Unoccupied Molecular Orbital, LUMO) ZH B L7 &
LI, WERRAEE BB ¥0E (TD-DFT) 2 HWwT, #~4
BEBPICBAWMINARZ PVEREMB L /2, W
DHX O 75 7 &1 % i3 % 72 912, NICS fi (Nucleus-
Independent Chemical Shift) % W& d - 7.

TP HICHEFHEEOECEHE,DO S 720, DHEX I
271 kYL L7z [DHX-H] ® LUMO (2317 5 &%
BN TIVUVOETHRERFTICEH LILER LR
R, ZOODHX IZBWT, MOBEBREFITHTHEW
fETH 7275 [DHX-H] L %52 & THAFIKREL Loz
e, 7O b AL E AL ) HEREESHERT S
NN 2= (A

W2 TD-DFT BHEZ VT, B4 RBEPICBIT5E )
~—IRETOWINARZ bVORW %47 - 72. DHIm T
R L EWEOE M A —2Aime) 1E 18~ 26
nm TEIPIVZ Lhs, ERTHOLNIZANRT ML
B/ —HRTHLZEAVRE SN L L, DHPy D
Wie, BT LN/ ARY P VIE, n-hexane DAY, 2l
LD HRELEREMIY 7P LTV (Mpn=23~
50 nm). ZDZ &5, DHPy & n-hexane LLAF D
WZBWTIR A~ =) I~v—, BELOEEE L LD
KA THIEL, FEWOD A, FTNE KB LIZHRTD
5 2 ENHED O H I, X MR SRS IRAT OSSR & 0 g
B WKEREPEL TV &S, DHX DA I V&
EVGTFMD L5 T-EEMHEEHOREE 25 &
EZIbNA.

DHX O 4 I VERF T OEEESHEEH RN E %2
HIEDPRBEINTH, 43I VEZERTEZ7Ta b bL
7z [DHIm-H] "}t U° [DHPy-H] 125 1F 2 WL A <7 bV
% TD-DFT &l CH M L7, [DHIm-H] [ U° [DHPy-H] "
&, PP LARE (DHX) OWRINANY MV & D & BHFE LR
WREIY7V2RL, HRENAZXAY ) —VHIZBITS
A |Z DHIm, DHPy T 358 nm } 0 337 nm C, ZNhZ
NOE)—IZBI2EHEHERELD D 72 nm KU 65 nm
HEEMCTH - 72,

FERNC EN TN OB O TG FH IR % 5Hili$ 5 72912, DFT
BHEIC X D NICS iz 8 H L7z, NICS(0) & (1) IZBWT,
NICS(0) (& 1 D ¥ I —J5iF % 5 FH BRI T FICACE L,
NICS(1) 13 F5 & BRI 1S 1 A B 767 2B L
GG OREMETH S, MeOH T TIE, M) 7t T AT
VHEFOE) Y VB TH % Ring 1 TlX, DHIm L U
DHPy O NICS(0) & O° NICS(1) A3—8.4~ —5.8 ppm O i
PTHDEZ/RL, Ring 1 25T %5 EEEZRT I LAR
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BInhs, —J, YebFafI¥yy—uiREiEve fo
Y'Y I Y UBEDPHMEA L7 Ring 2 TId, NICS(0) & Y
NICS(1) DfEAT 1.2~ 1.9 ppm O HiPHTE 112 il &
AL, Ring 1 ICHARTHFFEUEMET L TWD T LATRKES
hiz. 261, A IVEHRFETF LT b fLL7LEw
Td % [DHX-H] 2B T, Ring 1 ® NICS(0) & ¥
NICS(1) #-10.8~ —8.8 O #i P TH H 1, Ring 2 »
NICS(0) & O° NICS(1) 25—6.0~ —3.8 D#ifA CTH I S
72, L7zAo T, 78 b AbE 7z [DEX-H] " 1Z P b
i DHX & WKL C, X DD NICS HAFH S, DHX
7P MEERDL LS TF 7T VU VBRI
BOTHRFEIMWART L Z EARIHEBRE LTHEOR.
TN BODFT IZ X A0, JICiE-R7- DHX & 18Nap-
pyrro D7 F ) ¥ ¥ B ey A [F] A 0PI RG A EEEDY
B B &) XA RBEE T ORI 5 b ST
%72, 'H-NMR D4 I V¥ 7 MO V%2 DHX & 1Y)
JhVA T a b b L7z [DHX-H] Tl L 724
F, [DBX-H] 2YME v 7 b LA2EBRERE,S S, 7o
b A & B EFRER R AT DD bz,

25 BICEM: 70N ALRUEEHEGE

DFT #5 & 0, 70 b A5 & B2 % o THEF RIS
WREND ZEAREINT, EBRNICEEHT 5720, 7o
bRV A A TH B &R L ORI ) FLhE i % 1)
LT, Fu by, €BIEETIIBIT 2RI EFEANRY
M VEALIZ DWW THR/2. DHIm & DHPy OWILA <2 b
VT, MeOH BWHIC HCLIBWZ BN 5 L, 2 e
404 nm & 368 nm 1 A, & RO ILOHPES T OWINAS
HEL, SRS EZRLRAS 372 nm & 351 nm 12§72
RWINASHBL L 72 (Fig. 3a, Table 1). ZNHD AT M
iz 7o b AR L, V=37 YT MLTEH
D, DFT5IECTHONMREE —3 L, [DHX-H] DI
ERBELTWS. T, BEARZ MUIZBWTH TV —
¥ 7 PLTHEY, DHIm [ U DHPy TZIEI Ay, 1 442
nm % 0 402 nm (2B S 7z (Fig. 8b, Table 1). & 512,
@" X [DHIm-H]" & [DHPy-H] 2B W T, ZhEh
78% L 1.7% FTHKLZ., Ihoofild, Yot 1Mt
Wi D DHX OHH LR TR s L 25 Th o7z, —HT
18Nap-pyrro [ZBWTix, 71 F YL X 5 T [18Nap-
pyrro-H] " 2SIER SN, 73/ HKICE D FF—asHRT
B2, FHMDEL L L Vo, ThETICHE SR
TV % 18Nap itk & [EEORB AR S h 72",

VA AEETH A Mn(1l), Fe(Il), Co(Il), Ni(I), Zn(1I) @
SHBOER/A A Y2 HWT, WRERLOZLEE=
& —L72. 100 uM ([DHX] + [M"]) ® MeOH i D WL
AT b IVOZEALE T Job's Plot 47\, &R ICHT
LEMIEE AT, ZOfEA Y ) — i, DHX & 48
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Fig. 3 Absorption (a) and fluorescence (b) spectral
changes upon adding HCI solutions in the range of 0
~ 27 uM into 100 uM MeOH solutions for DHIm (a-1
and b-1) and DHPy (a-2 and b-2). (c) Changes in
the fluorescence quantum yields of DHIm (c-1) and
DHPy (c-2) in methanol solutions with various acids.
Numerical number on the histogram indicate @™
values.

AF Y EDERBICBIT 2 ENIIE 1:1 &g SN7225,
IS OfAORE OVEE, WA, FHRMAEZ L)

FEZREESN TR, 72, BRI X253~ 0 R

BEFRDL 72012, DHX/MII) =1:10 DTV THBL
7o X% ) — VB E W TR IR E %17 - 7.
DHIm Ti%, "1333~73% &%V, &@/A+ &5 %
BWHED 2~4fEORE S L%k o7 (Fig. 3¢1). 51T,
DHPy [2BW T, 0" 38R A 4 v ORI K o THELZ
WimEh (Fig. 3¢-2), 4FIC Fe(Il) O¥a, ™13 12 % L
FIZ% Y, Fell) ZEH T HRWHEDRH 20 512k -7, 20
Fe(Il) \2 & 2HFE 7 o OWRIZOWTIIREEIKE L,
B 2 i CTh 5.

2:6 DFHE:A3I4VFIFUIW

DHX DML TICB I 2N BLIIHE TH - 72—
FiT, @ BT ERBEAEEETH Y, NAF A A—
Vyr7u—7  LTEMTA-OIITHETHS. Th
LARWETAHOICDHIm IZBIF AT Faf 35y —
VBRSO HEFRMNEGA 724 IV —VREHEOL3IFY
FI7F) DAL nERL, o o LY, Bho )k

AR, Mgy, FIR, B T va VBT I F 7 FN VY ROT I F ) UF A R L LIRS SRS OB 128

BALZMAEL, INAW OIS M- — @I E2EAL 2
INA-AN, INA-DMA % ZhZh&W L7z (Fig. 1).

27 AIFIVFTFITUFEFOERND T

BONIAIFVF 7T YV HEEORA U ETIC
BIFHWIL, FEAXRT M vaflE L.

INA BT D A%, Ah EFNZ1 361 ~388 nm, 449
~506 nm (ZB S Bkx BB T 0" 25 62.8~
84.9 % LIFWICEWEEZRLTEBY, mIHRIC X 5 HEK
PED LR KR OREDOHIELED FREPFES L TWwDEEEZS
N5, =/ TDHIm X DV EHERERICTHY, SLBITITE
BMOEWRRIITER I NG o 7.

Fr—MERETHLT7 =) /%24 IV = VIRIZE
AL INA-AN 2B 5 A%, AL ZZENZFN 420 ~ 440
nm, 608~790 nm, & 5IIHIIAR FF—PEEHIE NN-
VAFNT I )T 2=V EEA L7 INA-DMA TlEZh
ZN 444~ 463 nm, 537~ 653 nm IZEH S N7z WFE
KT AL AR Y 7 — VHIZBWT 600 nm BLETH Y, 5
Kk EOERFLICEII Lz—T7 T, INA & LIRT % &
D" NHELLBIToRRE R, THIFEALLT =
VRO AHNEEIC X BERETOZ ANV —a 2R T
IR EZ O N E LWL EEILND.,
EIRIEO FF—M2ETEEL2E, LA TIE
TINADX)IZ Q" HFERATHEHMEND DS, A ldT
VW=7 3552 TFHEIN, ML= FFT70MREL
5. BIEEZOREEZ GRS 5720, INA 2R E LB
BRI OEICR FIEROFEIICIS, FF— Mgt
REGHOL R Z T TV 5.

2:8 13IFVFTIFUILORERRELEFES MBEKESR
HEBHER

HUE, HBPICBT 5 RERILE HWRTFICROM X
FHEINTVRVA, £ IFIF7FY IV FELROR
RIBIZ B CTRBREE A AR 2B S 72720, AR
TS 5.

INA-AN, INA-DMA [ZDOWTZFNZFHEREHIC X D)
KERATE DA, HURSY X RIS IRAT 21T - 72

INA-AN [ZZ R T, n-hexane/AcOEt LA AR S 4,
Wol D EEBERBESELILICLD, INA-AN-q,
INA-AN-B1 D 2 i DL T & 1472, INA-AN-a 1 14,/a
(No.88) @ INA-AN-B1 i% Pc (No.7) DZEMEETH Y, Hi
FHIZ2=1TRENEEEL, #HIL 2 =4 TEIZ L
7272\, INA-AN—o S OF —B1 1281 B BRI,  REAFE
2y MR HISE L 72 R, INA-AN-o D A0, S AL &
FRZFN 458, 649 nm TP"1223% THo72. —HT
INA-AN-B1 I B1F % A B A i3 Z 21 462 nm,
703 nm THY, oM FFLLNEL, 0.1 % DFTITIEmE
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Fig. 4 (a-b) Diffuse reflection and fluorescence
spectra of INA-AN-a, -1 and —f82 in the solid state.
(c) Monitoring of the single-crystal transformation
through a microscope under UV irradiation (365
nm). (d) PXRD patterns at 23 °C; (d-1) simulation
of the SXRD results of INA-AN-f1; (d-2) the
polycrystals of INA-AN-f1 before heating; the
polycrystals of INA-AN-B1 after heating for (d-3) 5
and (d-4) 10 min; (d-5) the polycrystals of INA-AN-o
before heating; (d-6) simulation of the SXRD result of
INA-AN-«.

BhTHo72 (Fig 4a-b).
INA-AN (345 S IRTE 2 B\ TR BRI VB 5 8) 2 7R
L, IO INA-AN-B1 %49 180 T TH#ET 5 & 560
PED INA-AN-a ~#EEAHIER 3 5 2 & MR S 7z (Fig.
4c-d). INA-AN-B1 % %9 180 C THIE L 728 2 45K X
E4riflE (Powder X-Ray Diffraction, PXRD) TE=% —
L, B XSS IRHT T/ © 172 INA-AN—o L Y -B1 D
YIial—vavEPiRy—r ey H L, ML -
TIPTS5 — ¥ Y INA-AN-B1 2 5 INA-AN-a ™~ & {5 4 12
ZALT BBl S e (Fig. 4d). Z oMEdHER X
UVHSETICBWT, WIRTHBLT LI ENTRETH D,
BN & o TRAZFNT 2FBIHIRY R IEAE
mERPFENERT, Thbb, ERLED INA-AN-B1
B HFENED INA-AN-a ~DOIEHE AR E N7z (Fig. 4c).
RO W TR B# 5 5 72, INA-AN—o LY
INA-AN-B1 ([Z DWW TORZEEAZE (Differential Scanning
Calorimetry, DSC) il 5& J¢ O° PXRD #ll 5€ % 17 5 7. INA-
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AN-a % 0~230 C (5C/min) O#iPAT 341 7V DSC
WEZIT-728 25, Ist 4 27 VT 204 C (TR YE — 2
HEBI SN, 3rd F A 7 VIZBWTIEWREYE — 27 25192 C
B S N7z, DSCHER DY > T V2 ZFD F F PXRD il
5E % AT\, INA-AN-B1 O HLEE i X S ERATIC X % &
Salb—va vy —vERLIZEZA IS —FKL
72. INA-AN-B1 IZDOW T H ST DSCHllEEZ T o7z &
A, Ist A4 7 VT 207 C I Y — 27 Bl S R, 3rd
F A 7 VICBWTIEREEE =27 25190 C [ Sz £
7z, PXRD #ll %2 T & DSC Ml & % © i /¥ ¥ — > 13 INA-
ANBIDOYIalb—Ya VAR -2 L7z E
HEL—FHL7-

L2 L%ad 5, DSCHllgko#RE Ay 7L —FET
#1180 C I LBIZEL72E 25, INA-AN-B1 THIZE S
72 INA-AN-o ~OERIIBIN SN h o7z, Lizh >
T, DSCMIE & b i — TG 5 & # 0 B S 7z ERER
1¥ PXRD ‘JEJJE“C“ 1Z INA-AN-B1 & OF8NF — 2 L L —
BT 5%, INA-AN-B1 & B L THEA T2 3B Tid INA-
AN-o “OHIEBMFER R R L 2 EPHLNE R o7 C
DMBGAETICBIT BB DENIZE Y, DSCHIEIZ X -
THLNRER AR % INACAN-B2 & L TXYITE 5.

INA-AN-2 O i iy X S5 RN 20 &, INA-AN-B1 &
B2 ITB BHEMFST A =7 1F I —HLTWb D
D, NSV LEHBLH5THIIBITA2HAERRLHEEANEN

ZThERY, %n&%o<\%ﬁﬁﬁ%ﬁﬁwm%§&o
Tw7z. INA-AN-B1 & B2 Dk BT 5 Az
ﬁ%@@wu,;nQMﬂ&3/$X~ya/®@ !
HLTWAHEEZTWD

29 BMEERIED

FHOLWREHAT IV VB RADHX 2 HwT, Ju b
Vi EOBmREEA A VNG T 5 DD HH Turn-On
Bt 7 10— 7 Tdb % DHIm & DHPy % H\W/Z L7
DHX O X #fs iR AT <id, 1 3 ‘/%?EJE?(‘: Cs S
AT BRFRT LD FRIAEREICL > TELS
BARETRY) GBS, 1 I VERETFRE
BRI 2 $ 5D 2 EAVRIR SN OO, Hilh D%
63§ > 72, —77, 18Nap-pyrro 3 DHX (2~ Tifiwv
BHAERL, YNNI ZAMERLZ. TR VR
WML 72%54, [DHX-H] 29 £, DHIm & DHPy O
Q" FHWMFTNC AR TENRZNRR 5L 2 IR L7z, &
512, WA AFETH S MAD A+ ¥ &ZiRIN$ 5 &, [DHX-
M]* DA PR, B 2 SO B S L, Ky 2~20
o @" Th o7z, —7Ji, 18Nap-pyrro (3710 F Y IZXk o
THXEE N/ DFTEETIEE, W T28ROGEHENEL
NICS flid & Ak b -7z, 7k YA, Yeroq 3
F—VER Y Py IV VBRICEET 55 (Ring 2)
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Fig. 5 Molecular structures of 15Nap derivatives
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RFENT O — T ORSEIZOWTHI L7, HILEEMEIC
WL, 73 VHEICH L CEIRECEME (39147
Ly 7 A) TR 2 Ml s 3 ONC SR BRI 1Tk L ClRIR AL
BB & 0 IR T 2 B IO W TS T 5.
FHEWBE1MRT I HANITEHRIEDS, 73 BRI
B e ) VRERT LV E 72 VT VT AR L D
NTW5, ZThb0RBITEENRILFISIC X - T
RIE LR RALEW & DI ILER G2 U500
FEINTBY, EEEERO 72 OB AIEOFHAIH X
v, SREET 5 2 B HEIE, 7 VHICH LT
IERFEEE UL E RS L TRLTE L IFBHFELs
720, LR HMMAEEZFIAT LI LPTETDH
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Fig. 6 Lippert-Mataga plot of 15Nap derivatives

Marks and lines colored black, orange, green, blue,
and purple indicate 15Nap—-Cl, -EA, -DEA, -AN, and
—OH, respectively. The solid lines are the least-
squares fittings.

32 IFHATLy 7B

15-F7F ) YV ERICES N F—ET 72Ty -1k
EHIE %A L 72 15Nap-Cl &, EHEOMmME RS LTl
WEFNHWEAT STy a7 VREEMETH 5
(Fig. 5)'7. ¥72, 15Nap-Cl ® 7 0 0 3EIEKBHNC & 5T
BHICEBSh, ZFVT IV, VIFAUTIY, T2
e Py Liicat LT, €2 15Nap-EA, -DEA,
—An X° —OH %41 L, 15Nap-Cl & [A4k 2 i mk | AR AT
L7232 b2 R, b 5 FEOFEAKIZOWTICT
DL RO B 120, HEROBRIASEEANTT A b —
7 A7 b Av OBIETEE NS Lippert-Mataga 71 v b
(Fig. 6) ZPER L, ZOMHE % Bk IRGE & BRE o
SRR D A % Kb 72", 15Nap-Cl, —FA, -An & —OH (&
FNEN, Au=153.0,10.0,15.4 £ 129D L% ), TFMAQ
(8.1D) #18Nap (4.6 D) LD HbREVWI LNL, BHHIC
ICT REZ K LR TV LD 5 h o7z, —hHE ko
T, 15Nap-DEAD H 4.3 D &% L {HAMET L7z, 15Nap-
DEA 3D FFEAR L R T F VT I ) FDNARK 72 )
SESZED, FIFVTPEISHLTY A X MRERE
EBZEDNHMETH B2, NSV AUEFALTWSE
EZoHND, FRENI LIZ, 15Nap-Cl % M) ZF LT
I ¥ (TEA) W Cllsg L7=#42%, Lippert-Mataga 710 v |k
PHELNHMEZITH L TRE CHEBL, WIIUBRARNERIE
MOBEHEIZLEAEEDLSRVWL OO, FEmKIERE T
600 nm ¥ O TR S 4, EHEOMIE I IARAFI 2
BGAELTWA Z EAURIE S 7z,

Z 2T TEA HCHBIll S M- RIERFEIGIT O W TREANC
B3 %728, 15Nap-Cl DU - FE0EEB 2 1,4- 3 4 F
PR THF 2 LD T 0 b UV IEEE R 7 e %
DAY ) —)VHIT, TEA DEIGRENSEAXT FIVllE
iTo7z. ZORR, 7 b BT T TEA O#E
ZREIMEEHZ LT, 460 nm FHEDFNMHEAK T T 5
&L BT, 600 nm T DO FEGREDSBEINT 5 2 & A0
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Fig. 7 Absorption (a) and fluorescence (b) spectral
changes in THF for 15Nap—Cl in the absence and the
presence of TEA. Percentages indicate the volume
ratio of TEA with respect to THF. Absorption (c)
and fluorescence (d) spectral changes in MeOH for
15Nap-Cl in the absence and presence of TEA.
Percentages indicate the volume ratio of TEA to
MeOH.

Moz (Fig. 7). — HWRIUBR KRR IIEE BN C & %
MofzZ e, FHRRECHERNICALLIBLTHL S
EAUREE N WIS, Fa kMo Ay ) — VT TEA
DOEEHEEZ TR E OB B L2 ZofE
460 nm FHEDOFEBE T IZBN S /zd 0D, 600 nm
HEOFIBIN T E T, FHIRECOBEBIEIRLE S
niz. Dbtz &b, WAEEEF T 15Nap-Cl & TEA
L DOMT, 15Nap-Cl ZET 77t 7%— (A), TEA &
TrFF— (D) L32HRRETCZIII S TL Yy 7 A
[15Nap-CI-TEA] 2L LT\ 5 & % 2 7= (Fig. 8)". 4
W R s BI S N 5 FOER L, RAT I L 72
15Nap-Cl [0 < 50T, RERBOTIE 047
Ly 7 ABKICED I TH S, £225 ) — VTR
WERGPEH S NS, M2 THEHEESELEIh T H
B, AF ) —VORBIZEDIFF A T Ly 7 ZERD
P, S SR ERIH I X % Photoinduced Electron
Transfer (PET) 234U TWizZzd b #E 2 5N 5. Tramer
SIZTFHA Ty 7 AERIZOVTY, D E AT HSA
U5 ICTKEDS SFBEIZHHEIND L WMEL, T
RODLHEAF MERT X v (1), BTHAD
(Ey il —\mERBICB) 2HLEM ANV T — (g)
POEHEINDL AEORESEZSHOTBEL LTS

AE=I,TEys—&y (1)
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Bathochromic shift of the fluorescence
due to the formation of exciplex

charge transfer state

\9A

Fig. 8 Schematic of the PET mechanism and the
formation of the exciplex for 15Nap-Cl in the
presence of TEA

[15Nap-Cl-TEA] i¥, AEfli7$2.16eVTHY, D & A”
DOMEAEROM S ITHRET, )XY Ly (Pryl) & N,N-Y
AFNT =1 Y (DMA) B5HEONZZFH A Ty 7 A
[Pryl-DMA] 7 ¥ FJ+% > (Ant) & DMA 55 T ¥
P4 T Ly 7R [Ant'DMA] & FRIBREDORS TH - 7.

IFH AT Ly 7 ZAELEHIHYICHEDID L 720,
TD-DFT 5HEIC X > T D" & A DIr iz iRk & 5k K&
DOMEMEE 72 (Fig. 9). 15Nap-Cl DEL 111 TEA % Al
& L THF W CTR g (il 2 sk 7258, 3.125 A o lif
TIFH A4 7Ly 7 ZFERL 658 nm OFLSHED 5
N7z FERRIIC SN2 R & 50 nm FEEZENA L Tniz
720, THHEED3153A THEH 2 FHICRE R F 1
Ty 7 ATHMGEEZABMD o072 25, HKED 630
nm TX ) EEREIZED -7, O EH 5, 15Nap-Cl
ETEA L3 FH A4 7Ly 7 ZA%BKL, 600 nm F2ED
RERFEERT 2 L0 MED0 Sz

EHIZ15Nap-CLIZX LT FF—%Z TEAR LYV ZF VT
IV (DEA) RTF V7T IV (EA) ICEZ CTRBICARY
MVIE 2 T 5 72, EO#E, DEA X L TIE TEA &
MRz H A 7Ly 7 AO4H ([15Nap-Cl-DEA]) 7%
AEN, TFH AL Ty 7 AHED FOLKEEIL 10 nm 2
FETEASERE D Ly F¥ 7 b L7z, —HTEAICK LTI,
B pZx@rBl s, o Fr—Cci3Bill s hid -7z
WD IR A EA OFE G2 L3 2 L TRl sz Thid
15Nap-Cl & FA & O THEBUSHAL, 7 1ok’ EA
L &b o 7oL 15Nap-FA 25— 4 LT iz 2 &8
JERNTH B, L72h3 > THPEEIRETIL, [15Nap-Cl-EA] &
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[15Nap-EA-EA] & DREWPHFLEL, TNHIZHED T
JtiL, [15Nap-Cl-TEA] &} T 10 nm FE TV — 7 b
L7z, DEDXH1iZ, FF—ThsT7 I v HE2ElLSES
ZUIZ&oT, REBZENMBERVPHONDLZEVHSNE
Y, COZEEFMATENIRE ST I VERRHRO 2D
ORHRE L LTRHTE 2 EER 7.

3:3 IXHPATLy I ABEFE>BEHHREFY PO
1ERX

7 X VRO DM N F v b RERT 5720
RYRXZ 7Y VEEAF IV (PMMA) H11Z 10 wt% @ 15Nap-

Side view

Top view Side view

Fig. 9 Calculated molecular structures of the S1
excited states of [15NapCI-TEA]

The most stable (a) and second most stable (b)
structures. The numerical numbers indicate the
shortest distance between 15Nap—Cl and TEA within
the exciplex.
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Cl Z Nz 7 WO ERBNR 2R L7z, A S h7ziikic
LT, il TiR7 EA, DEA, TEAIZMZ V7 I V8
BIRT I VHERHHFRT I VHEEZ ERA 2HEO T I ¥
¥, Yrundx®h Y73 (CHDA), "FI V73V
(HA), Y"F I V7 3Iv (DHA), 8FAF I VT =) ¥
(p-HA) %FED, BIRRICT7 I VEEZHNT A2 TEL
BINEALEBIZE L7 (Fig. 10). ZOfFR, WML 7z7 3
VHOMBBFIZE > T XA T Ly 7 ZOMEC KRR

4

J

VR L5720, BBAIER» SERVRME T THLICEL
wat.%E,l##%7by71h&%%ﬁk?éﬁ

e s, T X VAN RE RS F v MERAER
FHIENTES.

3.4 EREuERIY

TFMAQ %#HiBR L 72N> V% /) ViF#Ek (BQ) I3, «
PR E N TV 5 720 TFMAQ 2 AR TR JE RN - 55628
WREE NS, BQ IRHMEBRONMIEIZ X 5 T 2 FE ORI T
HBHEMHE (Linear) & A LNE (Angular) 255515
(Fig. 11). & 512, ThHRBEEDT I 7 HEIZFF Mo
T o VHEREAT S EICE o TN - 30 EWHEAL
AHET, A L7 6 MO SR BQL, —Ph, —diPh i 1
|2 BQA, —Ph, -dPh (2D W Tl & R TOWRIN - 5§
FGHE 24T o 72, X A E 2 5 BQL & Wit %
AHLTW/AS, BQAIENRYVF /) > BB R A
THEY, EAMIICHETHo/. TD0 pLBEDOTE LR
D ABQLIZHART/IHE 2D, Fig. 12 1IRT &) 12hk4
R TORII, BQL%%%mﬁ#E&E%TLf
BEAP T, 5FONy F U7X BB MKRENS T
b@ﬁ#k@%?%&%%ﬂ-%%éﬁﬁﬁwéhtﬁ
BB LR BQLFEMAEDIT ) DREROWIL - F8baE R L
7z (Fig. 12). #ELIC7%2 575 BQL & BQAW T v v a7
NITH DT80, 73 78O FF =PRI - FkIcx L
THHEERITT. Fr—HEfRko 7 - vz EA

(b)

ammonia HA DHA

aniline p-HA

N -
81

Fig. 10 Photographs of glass plates coated with 15Nap—Cl in the absence (top) and presence (lower) of amines

(a) From left to right: ethylamine (EA), diethylamine (DEA), trimethylamine (TEA),

(CHDA), and aniline.
(p-HA).

1,2-trans-cyclohexyldiamine

(b) From left to right: ammonia, hexylamine (HA), dihexylamine (DHA), and p-hexylaniline
The photographs were taken under 345 nm UV irradiation.
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nm) in n-hexane, chloroform, and ethyl acetate.  (b)
Images of crystalline samples taken under room and
UV lighting (365 nm).

(a) Photographs taken under UV light (365

L 72 BQL-Ph, -diPh if U*IiZ BQA-Ph, —-dPh |, #EE#RO
BQL X BQA I[ZHANTRMERMICBIN - L2635, 2
T, TI/FKETa LT A LICE o TR -
R I E ORI E FEHEF IOV THARLZ, 25
J = VIR Z A, WAL - IR IR RR, T3/
LRI X BIEMIE A RIC & D o T, R - BRSO E
o7z
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C OIFFRIGAESGERE ORRIFRE UG £ R L7227 X 2 Hifl
SR E Y N ERERT 5720, RElHERL TS BQL
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BQX ——— > BQX-HCl salt HéléasT’ BQX

EOMSIG plo coorsoid -~ [NA.C S

NH3 éas

Fig. 13 Schematic of an ammonia sensor taking
advantage of the acid-base reaction between BQX
(X=L and A) and HCI, and the ion-exchange
reaction between BQX-HCI and NH;
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Fig. 14  Solid-state spectral changes and photographs
before and after exposures to HCI gas and NH; gas
for (a) BQL and (b) BQA diluted by KBr (2 wt %).
In the spectra, reddish, bluish, and black solid lines
represent BQX after exposure to HCI and the
resulting BQX-HCI after exposure to NH; gas. In
the photographs, top (a or b-1), middle (a or b-2),
and bottom (a or b-3) panels represent BQX after
exposure to HCI gas for 10 min and the resulting
BQX-HCI salt after exposure to NH; gas for 5 s.

EHICHEM L T D BQA TN KBr THRL TH
Ke L, HClAXRECTERT s o izl e, #
SN L TOT v E T ARRENHTORN
ZALE M7z (Fig. 18). HCl ZXFHE [ O BQL 3R T
BQA X # a2 2 LT\ 7225, HCIZESRREIC X - Tl
CHEERAEL, FiREfoEEaIcER LR R
D, SEERHA AR S 7e (Fig. 14). BRILHUST A~
7 bVEALD S, HCLEFEIC X > TBQL ® 550 nm fHE?D
WL, BQA @ 420 nm fHEDWINAEA L TW7zZ eh b
(Fig. 14), KIBIZ X ) £h 21 BQL-HCL, BQA-HCI D4
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BHRTHLMELERDH Y, TS 2T 572912 DHIm
ERPERLZA IFF 7)Y VHEEAKINA VT,
BB P ORI 2 WA TH 5. LISl <72 INA D
LM BIT 5, BRI RERRE VDS, Zh
WA PGS T % 55, INA-AN, -DMA H45E O &5
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Bicyclic aminonaphthyridine and aminoquinoline derivatives, which were introduced as
electron-donor and -acceptor substituents in the frameworks, show specific emissions along with
environmental dependence, for instance, solvents, classifying as “push-pull type fluorophores”.
The emission behaviors of the several push-pull type fluorophores in response to external
stimuli, such as heat, light, vapor, and mechanical stimuli have been discussed previously. In
this study, the detection reagents in response to acid and base that utilize the three push-pull
type fluorophores are introduced. Regarding the acid response reagents, the Turn-On type
fluorophore is triggered by aromaticity enhancement before and after protonations in the
dihydroimidazolylnaphthyridine derivatives, and the aromaticity enhancement causes the
emission enhancement. In the case of the base response reagents, the two reagents were
introduced as a specific response to the amine analogues. In the first reagent, regarding the
formation of an exciplex, the 1,5-naphthyridine derivatives are capable of forming the
complexes in an excited state (exciplex) in response to the amine analogues that exhibit long
emission wavelengths. With regards to the color change of the HCI salt under the HCI
condition in the second reagent, the aminobenzoquinoline derivatives react with the HCI,
turning the reddish color into no color. Under the ammonium condition as the amine
analogue accompanied by the acid-base reaction, the salt color recovers its reddish color.
These three detection reagents for the acid and base undergo minor chemical structure
changes before and after the responses, therefore the reagents can be reused for further
detection.

Keywords: detection reagents; push-pull type fluorophores; acid and base; amine analogues;
aromaticity change; exciplex; HCI salt; reversible reagents.



