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Figure 1. Chemical structures of DCMP and PIDM.

PIDM



522 O AFAL -

/©/N(Et)2
OHC 6

—_—

piperidine/DMF, reflux

Scheme 1. Synthesis of PIDM.
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Indenylidene-dimalononitrile (1)"*& 4= Z AL &ufj o] 4]
2-methyl-6-phenyl-4H-pyran-4-one (2)°x} 71 ¥ A 7] H
2533 7| A pyranylidene-indenylidene-dimalononitrile
Q) F 70%9] T2 IS 5 AU

Z7HA] Pyran 3-2 1} 9] 2-(2-aminoethoxy)ethanol(4)}
#BUOHO] 4] 7193 4hS Al 71wl 7] 81 A7 whSo] Ao
2 oofLA] dihydropyridine 5% (§)7F 2ol fiek. o 2
4-(diethylamino)benzaldehyde(6)2} DMF &-ufj o] 4] 7} <& A]
7] Knoevenagel Z§4HH-g-0] UojupA] pyridinylidene-
indenylidene-dimalononitrile (PIDM)2 43% &2 4&
AN A= PIDMO| A& d1itall s Aot A R (HRMS e
53l m/z 657.2976 (M+H)" 2] £2} o] & 1] Fof o]3) <l
=93, ob&2 'H 2 PC NMR ~#| Eglo A 77t A4
3 39 5= 2ol |5 ShelE|gle.

pH Bi30]| [L}E AHIEZ{Oo| B35}

A& PIDML g Eglsto]| =2 e} ol E, oA EY
EY, S22 EE ofg ofAg| o] E, NN-tlo|H g ZEo}
upo] & W Hekgul A2 thFs S fr1Emols &
oo =3t Boll= Algh Q] &= E B oot wheha
49 9] pH H3lo] W2 PIDMO] &3 = HIE Lot 7]
2QJ3}e] PIDME CH;CN/buffer &3 89U (4:6, v/v)of 2 x

oH 1.68 pH 11.43
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Figure 2. UV-Vis absorption spectra of PIDM (2.0 x 10° M) in
CH;CN/buffer (4:6, v/v) solution at various pH values: 1.44,
1.68, 2.08, 2.23, 2.50, 2.82, 3.28, 3.63, 4.75, 6.48, 7.89, 8.98,
10.01, and 11.43.

106 M 3517} B 5 2 o] &) Thokat pH S:320] 4] Ses
=431t} Fig. 20| A B= ute} o] 370 nmoj| 4] isosbestic
point7} #Z= At} pH 11.435-E] pH 4.757}A] = &34 9]
sk 7 o] QLo pH 475 ol stoll 4 pH7L wrol A2
oF 520 nm R 2o 4 €] FHEI} FFAshH 0 0] Hh = o
340 nm R0 A FHES} Z7hskeC ol H3 An
AF A FA-E N AR intramolecular charge transfer
(ICT) #Aofl o3t F3 = M3tz A HAAF7H(NEp)o] &
A 2d@H)o] 23E A 57 vl-$- A blue shift
B @4 Ho] FoUch” =3, F7He] dimalononitrile
59 AERt AAET] @Al 9fsiA PIDMS] WEk NE,
I59] d7140] Ao wet d= BAbs A
G Ao Aut FgAS} H= Aoz o AL o] 2|3 NEL,
I59] FAes 9= 24 3 =dA e st
ICT Z2AM|AE AA5HA "Hh(Fig. 3). =, 340 nm £
oA o F4us F/dAE E PIDM (PIDMHY) 24}
71908tH, 520 nmF-Zo A 9] Fuj= PIDMEALO] 7]
ARt} whehA g-of o) pH7E 4 2; o] of whet -2 ujof
A 9= 24 $9 F7F AR H7] dizel pH
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Figure 3. Inhibition of the formation of the resonance hybrid of
PIDM by protonation.
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Figure 4. (a) pH-dependent absorption of PIDM (ll absorbance
at 339, A4339); @ absorbance at 516 nm, 4s;6). (b) Absorbance
intensity ratio (4sis/4339) vs. pH.
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715 & Usi¢/d330) 2 AAESH] a2 e A Fig.
4be} Zro] AT 2k pH 2-6 Abo]of|A] pH7} 2715t
wel SF T H]E(4s1/ds30) e A S-S & = Tt
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Figure 5. (a) Emission spectra (excitation at 495 nm) of PIDM
(2.0 x 10™* M) in CH3CN/buffer (4:6) solution at various pH values:
1.97,2.27, 2.65, 3.11, 3.72, 4.26, 5.76, 6.80, 7.85, 8.83, 9.85, and
11.46. (b) Change of relative emission intensity (Z/1,) at 570 nm
vs. pH. I, is the intensity of PIDM at pH 1.97.
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pH 2-6 {9 9] A4 & o of A ratiometric absorbanceE R
o] =9tk g PIDM] &3 A7]+= pH 201 4] pH 7714
S 7Fekoll whet oF 23uf A= F7}slGlal, PIDM O] pKa=
2802 PAFE S o] Blgh AT PIDM} 4b4 g9l
pHE ok Hom S4T 4 Qi FUpH AN ZE $8
e molFglrk

EXPERIMENTAL

Al 717

Al oF& Aldrich-Sigmaol| Al Gt sto] AA|3}A] 9k A}
4351} A7) E A2 Bruker ARX-R300 spectrometer
(00MH2E o] gsto] ZAshem, AFEAL Waters
Synapt G2 High-Resolution mass spectrometer (ESI)E- A&
sto] A8k THAHEHL Jasco V-550 UV-vis
spectrophotometerS AF-&5to] 2431911, FLABEZHLS
Hitachi F-4500 fluorescence spectrophotometerE Al-8-3}¢|

=49,

Saotzol i
2,2'-{2-(2-Methyl-6-phenyl-4H-pyran-4-ylidene)-1H-
indene-1,3(2H)-diylidene}dimalononitrile(3): 2,2'-{1H-indene-
1,3(2H)-diylidene } dimalononitrile (1, 312 mg, 1.274 mmol)}+
2-methyl-6-phenyl-4 H-pyran-4-one (2, 260 mg, 1.404 mmol)2
Acy0 (50 mL)of| =50 10A] 7t &¢F 2hF ksl Wk
EHES A2 AR 2, A SRek dojdl aAE
A7he BOHE Hoj51 Axste] A4 ER we 2ajel
TA(364 mg, T8 69.6%)= Atk 'H NMR(CDCL): §
2.8 (s, 3H, -CH3), 7.5 (m, 1H, -OCCH), 7.6 (m, 5H, -Ph), 8.0
(m, 2H), 8.4 (m, 1H, -OCCH); *C NMR (CDCL;): & 21.1, 62.3,
111.6, 1159, 116.1, 117.3, 120.3, 124.3, 127.2, 129.5, 129.8, 1324,
134.1, 138.2, 153.9, 158.9, 165.9, 168.3; HRMS for C»;H4N4O:
calcd 411.1240 (M+H)", found 411.1242 (M+H)".
2,2'-(2-[1-{2-(2-Hydroxyethoxy)ethyl}-2-methyl-6-phenyl-
pyridin-4(1H)-ylidene]-1H-indene-1,3(2H)-diylidene)-
dimalononitrile(5): }3H= 3 (330 mg, 0.805 mmol)2- n-BuOH
(25 mL)o]| 50|31 2-aminoethoxy-2-ethanol (4, 180 mg, 0.732
mmol)& F7}8}o] 6A17HE ¢ 2hF wRks} it vhgES
&E7A A )AL et SRkl dold ARES AR
EtOAcE AojFmf et ojmfsto] &R 24 1A
(245 mg, =& 61.0%)2 AUt == 114-116 C; 'H NMR
(CDCl3): 6 2.8 (br, 1H, OH), 2.8 (s, 3H, CH3), 3.3 (t, /=4.0 Hz,
-OCH,), 3.4 (t, J= 5.1 Hz, -NCH,CH,), 3.5 (t, 2H, J = 4.0 Hz,
-OCH,CH,), 44 (t,2H, J= 5.1 Hz, -NCHy), 7.2 (m, 2H), 7.4 (s,
1H, -OCCH), 7.4 (m, 5H, -Ph), 7.5 (s, 1H, -OCCH), 8.2 (m,

2H); 3C NMR (CDCly): § 22.6, 52.6, 52.8, 61.4, 68.5, 73.0,
109.4, 117.5, 117.7, 123.3, 128.8, 129.5, 130.9, 131.1, 132.5,
132.6, 137.6, 152.6, 153.8, 154.2, 156.0; ESI-MS for C;3;H;3Ns0,:
caled 498.1925 (M+H)*, found 498.1926 (M+H)".
(E)-2,2'-(2-]2-{4-(Diethylamino)styryl}-1-{2-(2-hydroxye-
thoxy)ethyl}-6-phenylpyridin-4(1H)-ylidene]-1H-indene-
1,3(2H)-diylidene)dimalononitrile (PIDM): 3= 5 (230 mg,
0.462 mmol)2 DMF (10 mL)o]| 1521 -89 o] 4-(diethylamino)
benzaldehyde (6, 246 mg, 1.38 mmol)¥} piperidine (0.5 mL)E
H7sto] 8A7F 5ok 87 IFSLTh WS B RHES A1l
% 2 2550 ol ARES AdAnutE 1w
(EtOAc:acetone = 2:1, v/v)2 A A|8lo] 23t 3]A49] 314
(129 mg, 58 42.5%)2 A9} H=4 160-163 C; 'HNMR
(CDCl): 8 1.2 (s, 6H, 2CH3), 2.9 (br, 1H, OH), 3.3 (m, 4H,
CH:NCH,), 3.4 (t, J=4.0Hz, -OCH,), 3.5 (t, J=5.1 Hz,
-NCH,CH,), 3.7 (t, 2H, J= 4.0 Hz, -OCH,CH,), 4.6 (t, 2H, J
=5.1Hz, -NCH»), 6.6 (d, 2H, J=9.0 Hz), 7.2 (d, 1H, J=
18.1 Hz), 7.4 (s, 1H, -OCCH), 7.5(m, 4H), 7.5 (m, 6H), 7.9
(s, 1H, -OCCH), 8.3 (m, 2H); *C NMR (DMSO-de): & 0.0,
444,522,531, 60.9, 68.1, 73.0, 110.2, 111.3, 117.2, 118.2,
121.8, 122.6, 127.8, 129.0, 129.9, 130.1, 130.3, 130.5, 130.9,
133.2, 137.5, 144.8, 149.2, 150.0153.0153.4, 154.9; HRMS
for CypH3¢NgO;: caled 657.2973 (M+H)*, found 657.2976
(M+H)".
2 A
CH;CN1} phosphate buffer (Na,HPO4/NaH,PO4) -84
(pH 7.0)0] 4:6(viv)Q] Hl&E 4 o] &= 8o PIDMZS
2.0x10° MI} 2.0 x 10* M o] L2 o] molg 747}
A8kt o 710l HCI(1 M) E+= NaOH(1 M) &34
Hrkstel A= o) pHE 2ASHUA 3 U FY2

=YL S
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