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General

All reagents were supplied by Wako, Aldrich, and Tokyo Kasei, and used without further
purification. Perchlorate (Li", Na’, Mg2+, Mn2+, Cr3+, F ez+, F e3+, C02+, Ni2+, Cu2+, Zn2+, Cdz+,
Hg2+, Pb*"), tetrafluoroborate (Ag"), and iodide salts (Cu’) were used as the metal cation
source. Water was purified by the Milli-Q system. Fluorescence spectra were measured on a
Hitachi F-4500 fluorescence spectrophotometer (excitation and emission slit width, 2.5 nm).
Absorption spectra were measured on a UV-visible spectrophotometer (Shimadzu,
Multispec-1500). All measurements were performed at 25 °C using a 10 mm path length
quartz cell in an aerated condition, after the solution was stirred for 20 min. 'H and *C NMR
spectra were recorded on JEOL JNM-AL400 and JEOL JNM-GSX270 Excalibur with TMS
as standard. FAB-MS spectra were obtained from JEOL JMS 700 Mass spectrometer. IR
spectra were measured on an FT-IR-610 infrared spectrophotometer (Jasco Corp.) with KBr
disk. ESR spectra were performed at the X-band using a Bruker EMX-10/12 spectrometer
with a 100 kHz magnetic field modulation at a microwave power level of 20 mW. @ was
determined with rhodamine B as a standard (@r = 0.69 in ethanol) (C. A. Parker and W. T.
Rees, Analyst, 1960, 85, 587).

Synthesis

CH,Cl,/MeOH, rt

CHO
R i) CH,Cl,/MeOH, rt

i) NaBH,, rt, 5 min

Compound 2: 7'° (48.3 mg, 0.1 mmol) and salicylaldehyde (122.1 mg, 1 mmol) were stirred
in a mixture of CH,Cl, (15 mL) and MeOH (10 mL) at room temperature until the complete
disappearance of 7 by TLC monitoring. The solution was concentrated to ca. 4 mL. The solid
formed was recovered by filtration and washed with MeOH (5 mL x 3), affording 2 as a gray
green solid (47.5 mg, 81%). 'H NMR (CDCls, 400 MHz): § 13.25 (s, 1H, PhOH), 8.66 (s, 1H,
N=CH), 7.74 (d, 1H, J = 16.6, CH=CH), 7.65 (d, 2H, J = 8.5, PhH of styryl), 7.54-7.46 (m,
3H, PhH), 7.44-7.35 (m, 2H, PhHOH), 7.34—7.27 (m, 4H, PhH and PhH of styryl), 7.21 (d,
1H, J = 16.8, CH=CH), 7.03 (d, 1H, J = 8.3, PhHOH), 6.94 (t, 1H, J = 7.6, PhHOH),
2S
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2.65-2.56 (m, 5SH, CH3CH, and CH»), 2.32 (q, 2H, J = 7.6, CH3CH>), 1.32 (s, 3H, CH3), 1.30
(s, 3H, CHs), 1.16 (t, 3H, J = 7.6, CH;CH,),1.00 (t, 3H, J = 7.6, CH;CH,). °C NMR
(DMSO-ds, 67.5 MHz): 6 161.79, 161.01, 155.90, 148.23, 147.92, 139.41, 139.06, 138.11,
136.33, 135.64, 133.73, 133.51, 132.96, 132.88, 132.11, 131.70, 128.86, 128.65, 128.24,
128.01, 121.41, 120.15, 119.14, 118.89, 117.45, 117.10, 18.31, 17.11, 14.45, 14.11, 12.83,
11.75, 11.33. MS (FAB): m/z Calcd for C37H34BF,N30: 587.3; Found: 587.2. HRMS (FAB):
m/z Caled for C37H36BF,N30: 587.2919; Found: 589.2926.

Compounds 3 and 4: 7'° (48.3 mg, 0.1 mmol) was dissolved in a mixture of CH,Cl, (15 mL)
and MeOH (10 mL). Benzaldehyde (106 mg, 1 mmol for 3) or o-anisaldehyde (136 mg, 1
mmol for 4) was added to the solution and stirred at room temperature until the complete
disappearance of 7 by a TLC monitoring. NaBH,4 (76 mg, 2 mmol) was added to the solution
and stirred for 5 min. The solution was washed with water and brine, dried over anhydrous
Na;SO4, and concentrated by evaporation. The crude product was purified by column
chromatography on silica gel using CH,Cly/n-hexane (2/1 v/v for 3) or ethyl acetate/n-hexane
(1/3 v/v for 4) as eluent.

3: (42.4 mg, 78%, brown solid). '"H NMR (DMSO-ds, 400 MHz): & 7.59-7.53 (m, 3H,
PhH), 7.40-7.29 (m, 9H, PhH, BnH, PhH of styryl and CH=CH), 7.23 (t, 1H, J = 6.8, BnH),
7.16 (d, 1H, J = 16.6, CH=CH), 6.85 (t, 1H, J = 6.1, CH,NH), 6.66 (d, 2H, J = 8.5, PhH of
styryl), 4.34 (d, 2H, J = 6.1, CH,NH), 2.56 (q, 2H, J = 7.3, CH3CH.), 2.46 (s, 3H, CH3), 2.30
(g, 2H, J=17.6, CHsCH,), 1.27 (s, 3H, CH3), 1.25 (s, 3H, CH3), 1.06 (t, 3H, J = 7.3, CH;CH,),
0.94 (t, 3H, J = 7.6, CH;CH,). °C NMR (DMSO-dg, 67.5 MHz): & 152.06, 149.82, 149.59,
139.38, 138.29, 138.08, 136.80, 136.16, 134.73, 132.44, 132.32, 130.93, 130.23, 128.82,
128.73, 128.18, 128.00, 126.86, 126.41, 124.27, 113.37, 112.26, 45.96, 17.62, 16.33, 14.39,
13.71, 12.22, 11.15, 10.95. MS (FAB): m/z Calcd for C;7H3sBF,N3: 573.3; Found: 573.2.
HRMS (FAB): m/z Calcd for Cs7H3sBF,;N3: 573.3127; Found: 573.3133.

4: (45.9 mg, 76%, brown solid). 'H NMR (DMSO-ds, 400 MHz): & 7.58-7.53 (m, 3H,
PhH), 7.40-7.29 (m, 5H, PhH, PhH of styryl and CH=CH), 7.26-7.20 (m, 2H, PhHOMe),
7.16 (d, 1H, J = 16.6, CH=CH), 7.01 (d, 1H, J = 8.1, PhHOMe), 6.88 (t, 1H, J = 7.3,
PhHOMe), 6.67 (t, 1H, J = 6.1, CH,NH), 6.63 (d, 2H, J = 8.5, PhH of styryl), 4.29 (d, 2H, J
= 6.1, CH,NH), 3.85 (s, 3H, OCH,), 2.56 (q, 2H, J = 7.6, CH3CH>), 2.46 (s, 3H, CH3), 2.30
(g, 2H, J=17.6, CH3sCH,), 1.27 (s, 3H, CH3), 1.25 (s, 3H, CH3), 1.07 (t, 3H, J = 7.6, CH;CH,),
0.94 (t, 3H, J = 7.8, CH3CH,). °C NMR (DMSO-dg, 67.5 MHz): & 156.55, 151.99, 149.87,
149.73, 138.29, 138.03, 136.76, 136.24, 134.74, 132.45, 132.30, 130.94, 130.22, 128.82,
128.74, 128.23, 128.01, 127.68, 127.53, 126.54, 124.15, 119.85, 113.25, 112.08, 110.35,
55.19, 40.79, 17.63, 16.33, 14.39, 13.72, 12.21, 11.15, 10.96. MS (FAB): m/z Calcd for
C3sH40BF,;N30: 603.3; Found: 603.2. HRMS (FAB): m/z Calcd for C3sH40BF,N30: 603.3232;
Found: 603.3239.
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Fig. S1 '"H NMR chart of 2 in CDCl; (400 MHz).
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Fig. S2 gCOSY chart of 2 in CDCIl; (400 MHz).
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Fig. S7 'H NMR chart of 4 in DMSO-ds (400 MHz).
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Fig. S8 gCOSY chart of 4 in DMSO-d¢ (400 MHz).
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Fig. S10 Absorption spectra of 1 (5 #uM) measured in a buffered MeCN/water mixture (1/1
v/v; HEPES 100 mM; pH 7.0) with respective metal cations (20 equiv).
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Fig. S11 (a) Fluorescence spectra (dex = 510 nm) of 1 (5 uM) in a buffered MeCN/water
mixture (1/1 v/v; HEPES 100 mM; pH 7.0) measured with 20 equiv of Cu*" and 20 equiv of
other respective metal cations (X). (b) The ratio of fluorescence intensity (FI/FIy) of 1, where
FI and FI, are the intensity measured with Cu** and X and without metal cations,

respectively.
13S



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

150

RN

o

o
1

Fl at 596 nm

a1
o
1

Fig. S12 pH-dependent change in fluorescence intensity (dex = 510 nm) of 1 (5 uM) in a
MeCN/water mixture (1/1 v/v) measured with and without Cu®" (20 equiv). pH of the
solution was adjusted with NaOH and HCI.
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Fig. S13 (a) Absorption and (b) fluorescence spectra (1ex = 510 nm) of 1 (5 uM) in a buffered
MeCN/water mixture (1/1 v/v; HEPES 100 mM; pH 7.0) measured with 20 equiv of

Cu(Cl0,),, Cu(CH;COO),, CuCly, and Cu(NO;),.
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Fig. S14 Time-dependent change in fluorescence intensity (lex = 510 nm) of 1 (5 uM) in a
buffered MeCN/water mixture (1/1 v/v; HEPES 100 mM; pH 7.0) upon addition of 10 equiv

of Cu*",
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Fig. S15 Temperature-dependent change in absorption spectra (Aex = 510 nm) of 1 (5 uM) in a
buffered MeCN/water mixture (1/1 v/v; HEPES 100 mM; pH 7.0) with 10 equiv of Cu®". The
measurements were carried out during a heating sequence after stirring the solution at 25 °C

for 20 min.
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Fig. S16 (a) Absorption and (b) fluorescence spectra (1ex = 510 nm) of 1 (5 uM) in a buffered

MeCN/water mixture (1/1 v/v; HEPES 100 mM; pH 7.0) measured (1) without cations, (2)

with Cu®" (20 equiv), and (3) after addition of EDTA (100 equiv) to the sample (2).
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(Top view)

Fig. S17 Geometry optimized structure of 1-Cu" 2:1 complex determined by ab initio
calculation within the Gaussian 03 program at the DFT level (B3LYP/3-21 basis set for all
atoms except for Cu, for which LANL2DZ basis set with effective core potential was used).
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Fig. S18 Job’s plot of 1 with Cu”" obtained by fluorescence measurements (lex = 510 nm).
The total concentration of 1 and Cu®" is 5 uM.
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Fig. S19 'H NMR spectra of 1, 1-Cu complex, and 2 measured in CDCl; (400 MHz). The
1-Cu complex sample was obtained by the following simple procedure: the buffered
MeCN/water solution containing 1 was treated with Cu®". The solution was extracted with
CH,Cl,, washed with water, and concentrated by evaporation.

3000 -
hal Cu2+
20001 /” \

1000 1 / \ 1 —Cu complex

/
% /*M
0 %""W«MWMWW . M%%

-1000-
\

Intensity

-2000 |/

-3000- | J

-4000 L L A L B L B B B A |
2500 2700 2900 3100 3300 3500
Magnetic field (G)

Fig. S20 ESR spectra of Cu(ClO4), (2 mM) and 1-Cu complex (ca. 2 mM) in MeCN
measured at 25 °C.
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Fig. S21 Fluorescence spectra (4ex = 510 nm) of 1 (5 uM) measured in a buffered
MeCN/water mixture (1/1 v/v; HEPES 100 mM; pH 7.0) with 20 equiv of Cu®" under (a) air
and (b) argon. The sample (b) was measured by the following simple procedure: argon gas
was bubbled through the solution containing 1, and Cu** was added under argon.
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Fig. S22 (a) Fluorescence (1ex = 510 nm) and (b) absorption spectra of 1, 2, 3, and 4 (5 uM)
in a buffered MeCN/water mixture (1/1 v/v; HEPES 100 mM; pH 7.0) measured with and
without Cu** or Cu’ (20 equiv).
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Fig. S23 (a) Fluorescence spectra (iex = 510 nm) of 1 (5 uM) + Cu®" (20 equiv) in MeCN
solution with different amount of water (0—50%, pH 7). (b) Fluorescence spectrum (4ex = 510
nm) of the isolated 1-Cu complex when dissolved in MeCN, where the spectra for 1 + Cu*"
in pure MeCN and in a MeCN/water mixture (50/50 v/v; pH 7.0) are also shown for
comparison. (c) Excitation spectra for 1 + Cu’" monitored at 538 and 596 nm in a
MeCN/water mixture (50/50 v/v). (d) Excitation spectrum for 1 + Cu®" monitored at 545 nm
in pure MeCN.

NOTE for the emission bands:
Two emission bands (538 and 596 nm) in larger water content solution are from the 1-Cu"

complex. In contrast, the single emission band in pure MeCN (545 nm) is probably from the
intermediate, which has a coordinated structure between 1 and Cu*".

As shown in (a), 1 + Cu*" in a MeCN/water mixture (hey = 510 nm) shows two emission
bands at 538 and 596 nm. As shown in (c), the excitation spectra for these emissions show
the bands at 528 and 589 nm, respectively, which correspond to the bands observed in the
absorption spectra for 1 + Cu®” (Fig. 4). These two emissions are therefore formed by
simultaneous excitation (Aex = 510 nm) of two excitation bands; in other words, both
emissions originate from the identical 1-Cu” complex. In addition, as shown in Fig. 3, the
titration of 1 with Cu®** leads to a simultaneous increase in both emission bands, where the
intensity ratio of these bands is almost constant. This also suggests that two emission bands
originate from the identical 1-Cu” complex. The MeCN/water mixture of 1 treated with Cu®"

228



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

was extracted with CH,Cl,, washed with water, and concentrated by evaporation. It must be
noted that, as shown in (b), the fluorescence spectrum of the obtained 1-Cu’ complex, when
measured in pure MeCN, is close to that observed in a MeCN/water mixture.

In contrast, as shown in (a), 1 + Cu®" in pure MeCN shows a 545 nm emission, while the 596
nm emission does not appear. As shown in (d), the excitation spectrum for this emission
shows a band at ca. 530 nm. The 545 nm emission is different from the emission for the
isolated 1-Cu’ complex in pure MeCN (538 nm). This clearly indicates that the 545 nm
emission observed in pure MeCN originates from different species. The absence of main 596
nm emission indicates that the single 545 nm emission probably originates from the
intermediate, which has a coordinated structure between 1 and Cu®" (Scheme 2, center). The
absence of water probably suppresses the subsequent dehydrogenation of imine moiety and,
hence, shows the single emission band from the coordinated intermediate.
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