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Experimental procedure

Absorption spectra were measured on an UV-visible photodiode-array spectrophotometer
(Shimadzu; Multispec-1500) equipped with a temperature controller S-1700.!"1 Fluorescence
spectra were measured on a JASCO FP-6500 fluorescence spectrophotometer. Time-resolved
emission decay analysis was carried out on a PTI-3000 apparatus (Photon Technology
International) using a Xe nanoflash lamp filled with N,.[*! Light irradiations were carried out
with a Xe lamp (300 W; Asahi Spectra Co. Ltd.; MAX-302) equipped with 334 nm (light
intensity: 69.1 mW m ), 380 nm (53.8 mW m ), and 550 nm (32.5 mW m*) band-pass
filters, respectively. 'H and C NMR spectra were obtained by a JEOL JNM-GSX270
Excalibur and JINM-AL400 spectrometer. EI- and ESI-MS analysis was performed by a JEOL
JMS 700 Mass Spectrometer.

Synthesis
Compound 2 (1,3,3,4'-tetramethylspiro[indoline-2,8'-2H,8 H-pyrano[2,3-/]chromen-2-one])

= CHO z O

+ /
N = reflux, 3 h ’\{ @) Q

1,3,3-Trimethyl-2-methylideneindole (161 mg, 0.93 mmol) and 8-formyl-7-hydroxy-4-
methylcoumarin (200 mg, 0.98 mmol)"*! were refluxed in MeOH (5 mL) for 3 h under N».
The resultant was concentrated by evaporation. The crude product was purified by silica gel
column chromatography with CH,Cl,, affording 2 as a white solid. Yield: 220 mg, 66 %. 'H
NMR (270 MHz, acetone-dg, TMS): 6 = 7.53 (d, J = 8.7 Hz, 1H, ArH), 7.42 (d, J = 10.6 Hz,
1H, -CCHCH-), 7.18-7.11 (m, 2H, ArH), 6.82 (t, J = 7.4 Hz, 1H, ArH), 6.68 (d, J = 8.7 Hz,
1H, ArH), 6.60 (d, J= 7.6 Hz, 1H, ArH), 6.14 (d, /= 1.0 Hz, 1H, -CCHCCHs-), 5.96 (d, J =
10.6 Hz, 1H, -CCHCH-), 2.80 (s, 3H, -NCH3), 2.42 (d, J = 1.0 Hz, 3H, -CCHCCH3-), 1.30
(s, 3H, ~C(CH3),), 1.19 ppm (s, 3H, —C(CHs),); °C NMR (68 MHz, CDCl3, TMS): § = 160.6,
157.2, 152.7, 149.6, 147.7, 136.2, 127.5, 124.9, 122.4, 121.3, 119.5, 119.3, 112.8, 111.7,
111.3, 107.1, 106.8, 105.4, 52.0, 28.8, 25.8, 20.0, 18.7 ppm; EI-MS: m/z: caled for
Cp3HyNOs3: 359.2; found: 359.1 [M']; HRMS (EI'): m/z: caled for C3HyNO; [M']:
359.1521; found: 359.1523.
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Nonlinear fitting of the fluorescence titration data'!
When assuming a 1:1 stoichiometry for interaction between 2 and CN', the equilibrium is

given by the following equation:
2+CN 2= 32.CN~ (1)
The association constant, K, is expressed as:

_[2:CN]_ [2-CN"]
= [2ICN"]1 (2], {2-CN"D([CN"],—{2-CN7))

(2)

[2-CN 1, [2], and [CN'] are the equilibrium concentrations of the 2—-CN species, free 2, and
free CN, respectively. [2]p and [CN ]y are the initial concentrations of 2 and CN, respectively.

The eq. 2 is transformed to:

<[210+[CN*]+%< )—\/<[2]o+[CN]+ %< )2 —4[2],[CN"],

[2-CN]= :

3)

Fluorescence intensity is given as follows:"

I,=03[2], (4

[=D;[2]+®! [2-CN"] (5

2.CN™

L = P32 + @5 [2:CN 1, (6)
Iy is the intensity of 2 at 453 nm without anion under UV irradiation, / is the intensity of 2 at
453 nm obtained with CN™ under UV irradiation, and /. is the intensity of 2 at 453 nm in
the presence of excess amount of CN under UV irradiation. ®", and ®",.cn- are the
fluorescence quantum yields for 2 and 2-CN". By means of eqs 4, 5 and 6, the following
equation is obtained:

I,.—I, [2-CN]

max — max (7)

I-1, [2-CN7]

With excess amount of CN, [2’CN ]y« is almost equal to [2]o. The eq 7 can therefore be

replaced as follows:

U _Io _ [2]0

max

I-1, [2-CN]

(8)

From eq. 3 and 8, the following equation is obtained:
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_[O

_ ]max - 1 _ - 1 2 -
1—10+—2[2]0 {([2], +[CN"]+ ﬁ(m) \/([2]0+[CN 1+ ﬁ(m) 42],[CN" 1,3 (9)

The eq. 9 was used for fitting of the fluorescence titration data with CN".

Calculation details

Preliminary geometry optimizations were performed using the WinMOPAC version 3.0
software (Fujitsu Inc.) at the semiempirical PM3 level.!! The obtained structures were fully
refined with tight convergence criteria at the DFT level with the Gaussian 03 package,
using the B3LYP/6-31G* basis set for all atoms. The excitation energies and the oscillator
strength of each structure were calculated by the time-dependent density-functional response
theory (TD-DFT)®! at the same level of optimization using the polarizable continuum model
(PCM)®! with water as a solvent. Cartesian coordinates for the MC form of 2 and 2-CN~
species are summarized in the end of this ESI.
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Table S1. Calculated excitation energy (£), wavelength (A), ground to excited state transition
electric dipole moments () and oscillator strength (f) for low-laying singlet state (S,) of the
MC form of 2 and 2-CN'.

Main orbital transition E (eV) u (Debye) y
(CIC?) [A (nm)] b y y ot
2(MC)
HOMO-1—-LUMO (0.10) 2.4279
So—S HOMO—LUMO (0.62) (510.67] -3.15 -0.61 0.00 3.2 0.6138
So—S; HOMO-2—LUMO (0.69) [2004622] 0.00 0.00 -0.01 0.0 0.0000
3.1169
So—S; HOMO-1—-LUMO (0.66) (397.78] 2.29 0.19 0.00 2.3 0.4028
2-CN
HOMO-2—LUMO (-0.13)
So—S; HOMO—LUMO (0.61) [3.80 07] -0.20 1.61 0.28 1.6 0.2172
HOMO—LUMO+1 (0.19) '
HOMO—LUMO (-0.17) 3.5144
So—S, HOMO—LUMO-1 (0.64) (352.78] -1.95 042 -0.19 2.0 0.3458
HOMO-3—LUMO (0.24) 33167
So—S; HOMO-2—LUMO (0.11) [3'24 $5] -0.03 0.55 0.12 0.6 0.0295

HOMO-1—LUMO (0.63)

“CI expansion coefficients for the main orbital transitions.
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Fig. S4 (a) Time-dependent change in absorption spectra of 2 (10 uM) measured in a buffered
water/MeCN mixture (8/2 v/v; CHES 100 mM, pH 9.3) under UV irradiation (334 nm) at 25
°C. (b) Change in absorbance of 372 and 528 nm bands.
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Fig. S5 Time-dependent change in absorption spectra of 2 (10 pM) measured in a buffered
water/MeCN mixture (8/2 v/v; CHES 100 mM, pH 9.3) under irradiation of (a) 380 nm and
(b) 550 nm monochromatic light at 25 °C.
The measurements were carried out as follows: UV light (334 nm) was irradiated to the
solution containing 2 for 30 min. The spectral measurements were then started under

irradiation of the respective monochromatic light. (Inset) Change in absorbance of 372 and
528 nm bands.
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Fig. S6 (a) Fluorescence spectra (Aex = 309 nm) of 2 (10 uM) measured with 50 equiv of CN~
together with 50 equiv of other respective anions in a buffered water/MeCN mixture (8/2 v/v;
CHES 100 mM, pH 9.3) under UV irradiation (334 nm) at 25 °C. The fluorescence
measurements were carried out after the solution was stirred for 30 min under UV irradiation.

(b) Fluorescence intensity of the respective solutions.
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Fig. S7 Time-dependent change in the fluorescence spectra (Aex = 309 nm) of 2 (10 uM)
measured after addition of (a) 10 equiv or (b) 50 equiv of CN in a buffered water/MeCN
mixture (8/2 v/v; CHES 100 mM, pH 9.3) under UV irradiation (334 nm) at 25 °C. (Inset)
Change in fluorescence intensity at 453 nm.
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@
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Fig. S8 Absorption titration of 2 (10 uM) with CN™ in a buffered water/MeCN mixture (8/2
v/v; CHES 100 mM, pH 9.3) under UV irradiation (334 nm) at 25 °C. Each spectrum was

obtained after stirring the solution for 30 min with UV irradiation. (Inset) Change in
absorbance of 372 and 528 nm bands.
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Fig. S9 ESI-MS chart of a MeCN solution containing of 2 and 2 equiv of n-BuyN" salt of

CN' obtained after UV irradiation (334 nm).
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Fig. S10 Change in fluorescence spectra (Aex = 372 nm) of 2 (10 uM) during titration with
CN™ in a buffered water/MeCN mixture (8/2 v/v; CHES 100 mM, pH 9.3) under UV
irradiation (334 nm) at 25 °C. The spectra at each CN~ concentration were obtained after
stirring the solution for 30 min under UV irradiation. The blue and red spectra were obtained
with 0 and 0.5 uM CN.

A) 1.2+

0.8+

A (normalized)

0.4+

300 400 500 600
A/ nm

L

1.2

0.8+

Fl (normalized)

0.4+

400 450 500 550 600
Al nm

Fig. S11 (A) Absorption spectra of (a) 7-hydroxy-4-methylcoumarin (10 pM) in a
water/MeCN mixture (8/2 v/v; pH 12.8) and (b) 2 (10 pM) measured with 50 equiv of CN™ in
a water/MeCN mixture (8/2 v/v; CHES 100 mM, pH 9.3) under UV irradiation (334 nm) at
25 °C. (B) Normalized fluorescence spectra of (a) 7-hydroxy-4-methylcoumarin (Aex = 320
nm) and (b) 2 (A& = 309 nm) with 50 equiv of CN™ under UV irradiation at 25 °C. The
spectrum (b) was obtained after stirring the solution for 30 min under UV irradiation.

14S



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

a) 1-
2
k7]
C
3]
<
> "‘"»"'—‘."i'-"u;u (i rle e e e X T PP @
0—0 . . T d R Q0 TR G
50 100 150 SRS ©
10 t/ns
—‘ species v/ x
0 A A \Vaavavaaw) \«,\/\,\//“W"AAA (a/%)
4.1
_1 OJ 7-hydroxy-4-methylcoumarin 1.59
W.R. (100)

b) 4-
>
‘»
C
Q
£
0_ o & . , ":.""'“‘"""’i"’-’:-f-.'r:.'t‘::...:f.:"t-;:-.-: PN
50 100 150
t/ns ;
10 . 7/ ns 5
species (@) %) X
2-CN™ 4.1 1.70
- (100) '
-10 WR

Fig. S12 (a) Fluorescence decay of 7-hydroxy-4-methylcoumarin in a water/MeCN mixture
(8/2 v/v; pH 12.8) (Aex = 337 nm, Aepy = 448 nm). (b) Fluorescence decay of 2 measured with
50 equiv of CN in a buffered water/MeCN mixture (8/2 v/v; CHES 100 mM, pH 9.3) (Aex =
337 nm, Aem = 453 nm). The measurement was carried out after stirring the solution for 30
min under UV irradiation (334 nm). Shown as insert are the decay times (t / ns) and the
normalized pre-exponential factors (a). For judging the quality of the fit, chi-squares (xz),
autocorrelation functions (A.C.), and weighted residuals are also shown.
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Cartesian Coordinates (in A) of the MC form of 2
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-3.
-2.
-3.
-1.
-0.
-0.

301321
711175
104942
789169
258144
257848

.000151
.000146
.000311
.000474
.000156
.000553
.000660
.000033
.000301
.000141
.000131
.303842
.178669
.299067
.303258
.298229
.178234
.887599
.001582
.887666
.000327
.000198
.882422
.881539
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.236827
.256412
.760469
.251958
.226650
.716496
.733781
.908891
.685883
.475211
.590928
.994787
.561896
.948280
.782728
.282138
.867221
.888356
. 775585
.253444
.431951
.718268
.134032
.531830
411579
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Cartesian Coordinates (in A) of the 2-CN~ species

.787822
.113148
.807876
.186113
.861736
.152743
.099562
.134545
.072313
.725896
.553591
.241489
.030757
.293033
.824743
.090735
.392077
.728707
.601964
.824173
.561671
.070620
.388876
.637476
.630608

.813799
.033707
.152144
.008788
.225198
.326458
.879912
.378374
.298626
.122278
.111480
.110789
.007889
.181188
.482766
.583349
.398877
.018383
.334776
.042895
.489120
.302537
.501974
.300487
.027008

fun i i o o B o R e o S s« ol o o u o R a o R a s o i o . s R a o R a s o sl a sl a s o s B AN O BN O BN O]

.270259
.875640
.997038
.092289
.609694
.648577
.762210
.685136
0.360366

0.438107
5.847658
4.926448

.555893
.526236
.493726
.324716
.370572
.969706
.923337
.414454
.077847
.860605
.058583
.221963
.500746

|
P R NP PO O P P DN O DN O

.191172
.956937
.495962
.564605
.806252
.610019
.303192
.679064
.327881
.621443
.655105
.937771
.430563
.272245
.050022
.148050
.279355
.182031
.818936
.324073
.948432
.662605
.025722
.686701
.402820

.821694
.211110
.945681
.390399
. 745644
.918540
.113505
.277576
.099275
.270238
.629401
.805640
.790932
.314099
.496097
.994¢668
.960468
1.878983

1.732600
2.548254
2.753721

0.432838

0.063821
1.216617

0.500384
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