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Abstract: Five novel diacetoxyboron complexes of [B-diketones incorporated
curcumin moiety were designed and synthesized. Their photophysical behaviors were
investigated by UV-vis absorption and fluorescence spectroscopy in different
solvents and solid state. It was observed that their fluorescence spectra yielded a blue
to yellow-green emission in solution and emitted a yellow to red emission in solid
state. Especially, the complex 3b displayed the strongest emission and the highest
quantum efficiency (&, = 0.98) in toluene among these complexes. The CIE
coordinate of the complex 3b in solid state was positioned in an ideal red region of
the chromaticity diagram. The maximal emission of these complexes exhibited a
large wavelength shift and Stokes shift increased with the increase of the solvent
polarity. Their dipole moment differences between the ground and excited states were
also estimated by using the Lippert-Mataga equation. Meanwhile, their HOMO,
LUMO energy levels and energy band gaps were calculated by cyclic voltammetry.
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1. Introduction

For more than two decades, the synthesis and design of tetracoordinate
organoboron compounds have caused tremendous attention because of their
impressive photophysical properties with application in semiconductors [1], organic
light-emitting diodes [2,3], chemical sensors [4], fluorescent probes [5,6], and
two-photon materials [7]. In recent years, many new functional difluoroboron
B-diketonates were synthesized and their photophysical and photochemical properties
were investigated in detail [8-12]. These difluoroboron complexes showed the large
Stokes shifts, intense fluorescence emission, high quantum vyields, high molar
absorption coefficients and second-order nonlinear optical properties. Similarly,
Curcumin and its analogues possess two conjugated o,B-unsaturated p-diketone
moieties, which can also form a keto-enol tautomerism [13-15]. Therefore, the
researchers presented the curcumin boron complexes as a near-infrared imaging
fluorescent probe [16] and a chemical sensor [17]. Meanwhile, some novel
difluoroboron complexes with curcumin analogues were reported and their
photophysical properties were also studied [18-20].

However, there is no report on the diacetoxyboron complexes with curcumin
analogues so far. Recently, we reported the synthesis and photophysical behaviors of
some new diacetoxyboron derivatives with bis-p-diketone [21]. In this work, we
designed and synthesized several novel diacetoxyboron derivatives of B-diketones
incorporated curcumin moiety and their structures were confirmed by ‘H NMR, **C

NMR, IR, ESI-MS spectroscopy and elemental analysis. The photophysical



properties of these diacetoxyboron complexes in solution and solid state were
described in detail. Meanwhile, the spectroscopic behaviors of these complexes were
investigated in different solvents at room temperature and their dipole moment
differences between the ground and excited states were estimated by using the
Lippert—-Mataga equation.

2. Experimental

2.1. Chemicalsand methods

Acetylacetone, benzaldehyde, 4-methoxybenzaldehyde, 4-methylbenzaldehyde,
1-naphthaldehyde, cinnamaldehyde, boron trioxide, tributyl borate, acetic anhydride,
n-butylamine, tetrabutylammonium hexafluorophosphate, and boric acid were
purchased from Shanghai Sun Chemical Technology Co., Ltd.. Other reagents
(quinine sulfate, dichloromethane, chloroform, ethyl acetate, toluene, tetrahydrofuran,
acetone and acetonitrile, petroleum ether, dimethyl sulfoxide, ethanol, benzene and
hydrochloric acid) were analytically pure.

Elemental analyses were taken with Perkin—ElImer 2400CHN elemental analyzer.
Melting points were measured on Beijing Tech X-4 digital melting-point apparatus.
'H and *C NMR spectra were recorded with Bruker Avance 111™ 300 MHz NMR
spectrometer in CDCI; solution. FT-IR spectra were performed with Nicolet FTIR
5700 spectrophotometer in KBr disks. Mass spectra were determined by Finnigan
LCQ Advantage Max spectrometer. UV-vis absorption spectra were carried out on
Hitachi U-3010 spectrophotometer. The emission spectra were recorded with Varian

Cary Eclipse fluorescence spectrometer and fluorescence lifetimes were performed



on an Edinburgh FS5 spectrofluorometer by the time-correlated single-proton
counting (TCSPC) (picoseconds pulsed diode laser EPL-450, A., = 450 nm).
Quantum yields (&) were measured relative to quinine sulfate in 0.1M sulfuric acid
(&, = 0.55, 1, = 366 nm) at room temperature by the standard method [22]. Cyclic
voltammetry (CV) measurements were recorded on a CHI 660E electrochemistry
workstation with a three-electrode cell (a platinum disk electrode as the working
electrode, a platinum wire as the counter electrode and an AgCI/Ag electrode as the
reference electrode) ina 0.1 mol L n-Bu,NPF; solution in CH,Cl, at a scanning rate
of 50 mV s

2.2. Synthesis of curcumin derivatives (1la-5a)

In a round bottom flask, boron trioxide (0.49 g, 7.0 mmol) and acetylacetone (1.0
mL, 1.0 mmol) was dissolved in ethyl acetate (10 mL) and refluxed for 1h under
stirring. To this solution, the aromatic aldehyde (20 mmol) and tributyl borate (4.8
mL, 20 mmol) were added and kept for stirring to a yellow-green solution. Then
n-butylamine (2.0 mL, 20 mmol) were added and stirred for 4h at room temperature.
Then 5% hydrochloric acid (15 mL) was added dropwise to the reaction mixture and
adjusted to pH = 2. The organic layer was separated and aqueous layer was extracted
with ethyl acetate. The organic phase was dried over anhydrous MgSO, and distilled
by rotary evaporator. The residues were cooled to give crystal products and
recrystallized from chloroform to obtain the curcumin derivatives (1a—5a) in 26-51%
yields.

1,7-Diphenylhepta-1,6-diene-3,5-dione (1a): Yellow green powder, yield 35%, m.p.



144-145 °C; *H NMR (300 MHz, CDCly): 6 15.91 (s, 1H, enol OH), 7.67 (d, 2H, J =
15.9 Hz, C=C—H), 7.58-7.55 (m, 4H, Ar—H), 7.41-7.39 (m, 6H, Ar—H), 6.64 (d, 2H,
J = 15.8 Hz, C=C-H), 5.86 (s, 1H, enol C=C-H) ppm; IR (KBr): v 3441 (m), 3067
(m), 2955 (w), 2869 (w), 1631 (s), 1588 (s), 1400 (s), 1351 (m), 1138 (m), 976 (m),
755 (s), 682 (m) cm™; ESI-MS m/z: 277.16 [M+H]"; Anal. calcd. for C;qH;60,: C
82.58, H 5.84; found C 82.85, H 5.88.

1,7-Di-p-tolylhepta-1,6-diene-3,5-dione (2a): Yellow green powder, yield 43%,
m.p. 213-214 °C; *H NMR (300 MHz, CDCl,): & 16.00.(s, 1H, enol OH), 7.64 (d, 2H,
J=15.9 Hz, C=C—H), 7.46 (d, 4H, J = 8.0 Hz, Ar=H), 7.20 (d, 4H, J = 7.9 Hz, Ar-H),
6.59 (d, 2H, J = 15.8 Hz, C=C-H), 5.82 (s, 1H, enol C=C-H), 2.38 (s, 6H, Ar—CH,)
ppm; IR (KBr): v 3441 (m), 3065 (m), 2949 (w), 2856 (w), 1631 (s), 1592 (s), 1400
(s), 1351 (m), 1141 (m), 977 (m), 819 (m) cm™*; ESI-MS m/z: 305.18 [M+H]": Anal.
calcd. for C,,H,,0,: C 82.86, H 6.62; found C 82.57, H 6.56.

1,7-Bis(4-methoxyphenyl)hepta-1,6-diene-3,5-dione (3a): Orange powder, yield

51%; m.p. 167—168 °C; *H NMR (300 MHz, CDCly): & 16.10 (s, 1H, enol OH), 7.62
(d, 2H, J=15.8 Hz, C=C-H), 7.51 (d, 4H, J = 8.6 Hz, Ar-H), 6.91 (d, 4H, J = 8.6 Hz,
Ar—-H), 6.50 (d, 2H, J = 15.8 Hz, C=C-H), 5.79 (s, 1H, enol C=C-H), 3.84 (s, 6H,
OCHs,) ppm; IR (KBr): v 3440 (m), 3046 (m), 2963 (w), 2867 (w), 1631 (s), 1600 (s),
1512 (m), 1400 (s), 1350 (m), 1250 (m), 1177 (m), 1143 (m), 977 (M), 826 (s), 733 (5)
cm™'; ESI-MS m/z: 337.07 [M+H]"; Anal. calcd. for CyH,0,: C 74.98, H 5.99;

found C 75.66, H 6.03.

1,7-Di(naphthalen-1-yl)hepta-1,6-diene-3,5-dione (4a): Orange powder, Yyield:



45%; m.p. 190-191 °C; *H NMR (300 MHz, CDCl,): & 16.08 (s, 1H, enol OH), 8.55
(d, 2H, J = 15.6 Hz, C=C-H), 8.28 (d, 2H, J = 8.2 Hz, Ar-H), 7.92-7.82 (m, 6H,
Ar-H), 7.63-7.49 (m, 6H, Ar—H), 6.77 (d, 2H, J = 15.5 Hz, C=C—H), 5.96 (s, 1H,
enol C=C-H) ppm; IR (KBr): v 3431(m), 3057 (m), 2951 (w), 2864 (w), 1630 (s),
1589 (s), 1399 (s), 1347 (m), 1138 (m), 966 (m), 798 (M), 765 (s) cm™*; ESI-MS m/z:

377.23 [M+H]"; Anal. calcd. for C,;H,,0,: C 86.15, H 5.35; found C 86.43, H 5.31.

1,11-Diphenyl-undeca-1,3,8,10-tetraene-5,7-dione (5a): Orange powder, Yyield
26%; m.p. 214-215 °C; 'H NMR (300 MHz, CDCls): 6 15.86 (s, 1H, enol OH),
7.49-7.31 (m, 12H, Ar—H or C=C-H), 6.92 (d, 4H, J = 5.4 Hz, Ar—H), 6.18 (d, 2H, J
= 15.1 Hz, C=C-H), 5.70 (s, 1H, enol C=C—-H) ppm; IR (KBr): v 3440 (m), 3086 (m),
3045 (m), 2949 (w), 2853 (w), 1631 (s), 1591 (s), 1400 (s), 1351 (m), 1119 (m), 995
(m), 748 (m), 687 (m) cm™*; ESI-MS m/z: 658.13 [2M+H]"; Anal. calcd. for
C,3H,00,: C 84.12, H 6.14; found C 84.41, H 6.18.

2.3. Synthesis of diacetoxyboron complexes (1b—5b)

In a round bottom flask, acetic anhydride (8 mL) and boric acid (0.06 g, 1 mmol)
was added and refluxed for 30 min to give a light yellow solution. The curcumin
derivatives la-5a (0.5 mmol) were dissolved in benzene (20 mL) and heated to
reflux in a three-necked round bottom flask. Then the above solution of boron acetate
(2 mmol) in acetic anhydride was added dropwise slowly into the mixture over 30
min. The reaction mixture was kept refluxing for 5 h and complexes were precipitated
out. The precipitates were filtered off and recrystallized from chloroform to obtain

diacetoxyboron complexes (1b-5b) in 57-71% yields.



Diacetoxyboron 1,7-diphenylhepta-1,6-diene-3,5-dionate (1b): Yellow powder,
yield 57 %, m.p. 217-218 °C; *H NMR (300 MHz, CDCL,): & 7.93 (d, 2H, J = 15.7
Hz, C=C-H), 7.59-7.57 (m, 4H, Ar—H), 7.43-7.41 (m, 6H, Ar-H), 6.74 (d, 2H, J =
15.7 Hz, C=C—-H), 6.25 (s, 1H, enol C=C—H), 2.11 (s, 6H, COCHj,) ppm; *C NMR
(75 MHz, CDCly): 6 179.4, 172.4, 146.6, 134.2, 131.5, 129.1, 128.1, 120.9, 103.2,
23.2 ppm; IR (KBr): v 3064 (m), 2956 (w), 2866 (W), 1717 (s), 1602 (s), 1564 (s),
1404 (s), 1371 (s), 1270 (s), 1181 (m), 1045 (s), 979 (m), 768 (m), 688 (m) cm *;
ESI-MS m/z: 426.80 [M+Na]"; Anal. calcd. for C,3H,,BOs: C 68.34, H 5.24; found C
68.62, H 5.29.

Diacetoxyboron 1,7-di-p-tolylhepta-1,6-diene-3,5-dionate (2b): Orange powder,
yield 61 %, m.p. 240-241 °C; *H NMR (300 MHz, CDCL): & 7.87 (d, 2H, J = 15.5
Hz, C=C-H), 7.44 (d, 4H, J = 7.4 Hz, Ar-H), 7.19 (d, 4H, J = 7.4 Hz, Ar-H), 6.67 (d,
2H, J = 15.6 Hz, C=C-H), 6.22 (s, 1H, enol C=C-H), 2.38 (s, 6H, Ar—CHs), 2.11 (s,
6H, COCH,) ppm; *C NMR (75 MHz, CDCLly): & 179.2, 172.3, 146.4, 142.3, 131.7,
129.8, 129.1, 120.0, 102.9, 23.2, 21.6 ppm; IR (KBr): v 3061 (m), 2953 (w), 2849 (w),
1726 (s), 1603 (s), 1555 (s), 1401 (s), 1371 (s), 1258 (s), 1169 (m), 1049 (s), 950 (m),
818 (m) cm ' ESI-MS m/z; 454.89 [M+Na]"; Anal. calcd. for C,5H,5BO4: C 69.46,
H 5.83; found C 69.75, H 4.77.

Diacetoxyboron  1,7-Bis(4-methoxyphenylhepta-1,6-diene-3,5-dionate  (3b):
Orange-red powder, yield 63 %, m.p. 229-230 °C; '"H NMR (300 MHz, CDCL): &
7.85 (d, 2H, J = 15.5 Hz, C=C—H), 7.51 (d, 4H, J = 8.5 Hz, Ar-H), 6.89 (d, 4H, J =

8.5 Hz, Ar—H), 6.57 (d, 2H, J = 15.5 Hz, C=C~H), 6.17 (s, 1H, enol C=C—H), 3.85 (s,



6H, OCH;), 2.11 (s, 6H, COCH;y) ppm; *C NMR (75 MHz, CDCL): § 178.7, 172.3,
162.4, 145.9, 131.0, 127.2, 118.5, 114.5, 102.7, 55.4, 23.2 ppm; IR (KBr): v 3045 (m),
2959 (w), 2865 (w), 1717 (s), 1601 (s), 1543 (s), 1398 (s), 1368 (s), 1263 (s), 1173
(m), 1039 (s), 975 (m), 828 (s) cm *; ESI-MS m/z: 486.80 [M+Na]"; Anal. calcd. for
C,5H,5BOg: C 64.68, H 5.43; found C 64.37, H 5.48.

Diacetoxyboron 1,7-Di(naphthalen-1-yl)hepta-1,6-diene-3,5-dionate (4b): Red
powder, yield 71 %, m.p. 241-242 °C; *H NMR (300 MHz, CDCl,): & 8.79 (d, 2H, J
= 15.4 Hz, C=C-H), 8.24 (d, 2H, J = 8.3 Hz, Ar—H), 7.95-7.87 (m, 6H, Ar—H),
7.65-7.48 (m, 6H, Ar—H), 6.90 (d, 2H, J = 15.4 Hz, C=C-H), 6.39 (s, 1H, enol
C=C-H), 2.18 (s, 6H, COCH;,) ppm; *C NMR (75 MHz, CDCL,): & 179.3, 172.4,
142.8, 133.8, 132.1, 131.7, 131.3, 128.9, 127.4, 126.5, 126.1, 125.4, 123.3, 123.0,
103.6, 23.3 ppm; IR (KBr): v 3052 (m), 2954 (w), 2858 (w), 1722 (s), 1606 (s), 1555
(s), 1398 (s), 1372 (s), 1273 (s), 1055 (s), 953 (M), 857 (m), 773 (s) cm™*; ESI-MS
m/z: 526.88 [M+Na]"; Anal. calcd. for C3,H,sBOg: C 73.83, H 5.00; found C 73.56, H
5.05.

Diacetoxyboron 1,11-Diphenyl-undeca-1,3,8,10-tetraene-5,7-dionate ~ (5b):
Purple-red powder, yield 68 %, m.p. 211-212 °C; '"H NMR (300 MHz, CDCL,): &
7.68 (dd, 2H, J = 14.8, 10.7Hz, C=C—H), 7.48 (d, 4H, J = 5.9 Hz, Ar-H), 7.38-7.35
(m, 6H, Ar—H or C=C-H), 7.07-6.89 (m, 4H, Ar—H), 6.26 (d, 2H, J = 14.9 Hz,
C=C-H), 6.07 (s, 1H, enol C=C-H), 2.10 (s, 6H, COCHs) ppm; **C NMR (75 MHz,
CDCl): 6 178.6, 172.3, 146.6, 144.2, 135.8, 129.9, 128.9, 127.7, 126.7, 124.5, 103.1,

23.2 ppm: IR (KBr): v 3081 (m), 3039 (m), 2952 (w), 2848 (w), 1712 (s), 1603 (s),



1543 (s), 1399 (s), 1370 (s), 1274 (s), 1143 (m), 1048 (s), 995 (m), 757 (m), 688 (m)
cm ™ EI-MS m/z; 478.82 [M+Na]"; Anal. calcd. for C,;H,sBOg: C 71.07, H 5.52;
found C 71.38, H 5.47.
3. Results and discussion
3.1. Chemistry

The synthetic route of diacetoxyboron complexes with curcumin derivatives was
illustrated in Scheme 1. The curcumin derivatives (1a-5a) were synthesized by
condensation reaction of the corresponding aromatic aldehydes with acetylacetone in
the presence of boron trioxide, tributyl borate and n-butylamine in ethyl acetate
according to literatures [13]. Then, the curcumin derivatives were converted to
diacetoxyboron complexes by the chelation reaction with boron acetate in benzene.
The products were recrystallized from chloroform to obtain the pure diacetoxyboron

complexes (1b-5b).

< Scheme 1>

The structure elucidation of these diacetoxyboron complexes was based on the
IR, 'H NMR, ®C NMR, ESI-MS spectroscopy and elemental analysis. The IR
spectra of these diacetoxyboron complexes (1b—5b) showed the C=0 and enolic C=C
stretching vibrations at 1606—1601 cm™* and 1564—1543 cm™" were red-shifted 2430
cm ' and 24-57 cm ™ compared to the curcumin derivatives, respectively [23,24], and

the disappearance of corresponding O—H vibration bands at 3441-3431 cm™ which



existed in the curcumin derivative ligands due to their keto—enol tautomerism.
Meanwhile, the new strong C=O stretching vibrations at 1726-1712 cm ™ were
assigned to the acetoxy moieties of diacetoxyboron complexes. The strong absorption
bands at 1372—-1368 cm ™ and 1055-1039 cm " were attributed to the B—O stretching
vibrations [23, 25] and the strong C—O stretching vibrations at 1274—1258 cm ™ were
due to the acetoxy moieties. Obviously, the curcumin derivatives have no strong
absorption bands in these ranges. In 'H NMR spectra of the diacetoxyboron
complexes (1b-5b), the enolic proton signals at 6 = 16.10-15.86 ppm disappeared
completely and the new methyl proton signals of the acetoxy moieties at & =
2.18-2.10 ppm were observed in comparison with the curcumin derivatives. The
methylene proton signals at & = 6.39-6.07 ppm of the keto-enol tautomerism were
shifted 0.37-0.43 ppm to lower field with respect to the corresponding curcumin
derivatives [23,24], which was due to the strong coordination of the B(OACc),
fragments. However, other chemical proton signals have no significant changes.
3.2. UV-vis absorption properties

These diacetoxyboron complexes were the D—A-D electronic structure dyes,
which possessed electron donor groups at both ends of the conjugated n—system with
an electron acceptor group in the middle of the molecules. They exhibited high
absorption coefficients at 400-550 nm (Fig. 1 and Table 1) in dichloromethane
solution (1.0 x10™° mol L™), which were very suitable for photosensitizer and
fluorescent dyes. From Fig. 1, it was observed that these diacetoxyboron complexes

displayed the weaker absorption peaks at 240-280 nm, which were corresponding to
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the terminal aromatic moieties, and the stronger absorption peaks at 424-474 nm with
a shoulder at 450-502 nm except complex 4b, which were due to n—=" transition of
the conjugated B(OACc),-chelating system. As can also be seen, the electron donating
abilities of the terminal aromatic moieties have a great influence on the spectroscopic
behavior of these diacetoxyboron complexes. For instance, the maximum absorption
wavelength of complexes 3b, 4b and 5b revealed a considerable bathochromic shift (>
50 nm) in comparison with that of the complex 1b, which was assignable to the
introduction of the strong electron-donating methoxyl moiety or the large
n-conjugated aromatic moieties. Meanwhile, these diacetoxyboron complexes (1b-5b)

showed the much higher extinction coefficients (loge.x = 4.51-4.70).

<Figure 1>

<Table 1>

3.3. Fluorescence properties
The fluorescence behaviors of diacetoxyboron complexes (1b—5b) were determined

in dichloromethane solution (1.0 x10™° mol L™%). Their fluorescence spectra are

presented in Fig. 2 and the fluorescence data are listed in Table 1. From Fig. 2A, their
excitation spectra showed a broad band at 350-500 nm, which were similar to their
UV-vis absorption spectra, but excitation band of complexes 3b was much broader

and more intensive in these diacetoxyboron complexes. From Fig. 2B, their emission

11



spectra displayed the strong fluorescence ranging from blue to yellow-green at
473-554 nm in dichloromethane solution. The terminal aromatic moieties of these
complexes exhibited a significant impact on their fluorescence behaviors. Compared
to complex 1b, the emission bands of complexes 3b, 4b and 5b showed the much
larger bathochromic shift (62-81 nm), which were due to the stronger
electron-donating or the larger m-conjugated terminal aromatic moieties in the
B(OACc),-chelating system. Especially, the diacetoxyboron complex 3b exhibited the
strongest emission intensity in these complexes, which was in agreement with its
excitation spectra. Furthermore, the quantum yields (&,) of these diacetoxyboron
complexes were also measured relative to quinine sulfate (&, = 0.55). From Table 2,
It can be pointed out that these complexes had high quantum yields (&, = 0.45-0.92)
in dichloromethane solution, especially the complex 3b exhibited the highest
quantum efficiency (&, = 0.92) in these complexes, which was probably due to the
introduction of the strong electron donor methoxyl in the terminal aromatic moieties.
Meanwhile, the fluorescence lifetimes (z) of complexes 1b-5b in dichloromethane
solution were studied by time-resolved fluorescence spectroscopy. Their fluorescence
decays were fitted to a monoexponential function (Fig. 3) and the data were presented
in Table 1. It was found that the complex 4b had much longer lifetime values (z =
5.99 ns) in dichloromethane among these complexes, which was probably due to the
introduction of the rigid naphthalene ring in the conjugated system. However, the
complex 2b exhibited much shorter lifetime values (z = 1.26 ns) in these complexes,

mainly assigned to the methyl moieties containing high-energy oscillator C—H groups

12



in the conjugated system, which led to an increase in the non-radiative decay.

<Figure 2>

< Figure 3>

The fluorescence behaviors of diacetoxyboron complexes (1b-5b) were also
investigated in solid state at room temperature (Fig. 4 and Table 2). The
excitation spectra of these complexes were much broader than in solution and
red-shifted remarkably, which was attributed to the aggregation effect in solid state.
Their emission spectra showed that these complexes emitted a yellow to red emission
at 535-643 nm, which were red-shifted 62-94 nm in comparison with those of the
corresponding complexes in dichloromethane solution. Meanwhile, the Stokes shifts
of complexes (1b-5b) in solid state were much larger than in solution. For example,
the complex 3b bore a Stokes shift of 115 nm. These fluorescence properties could
probably be assigned to their molecular conformation and intermolecular interactions
in solid state [26,27]. From Fig. 3B, the complex 3b revealed the strongest emission
intensity and largest Stokes shift in solid state. However, the complex 5b exhibited
the negligible emission intensities in solid state, which was much weaker than that
recorded in solution. It was probably because of the consecutive and strong
intermolecular n—m interactions between neighbouring dye molecules resulting in

fluorescence quenching in solid state [28]. In addition, the CIE color coordinates of
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complexes 1b-5b in solid state was determined from their emission spectra (Fig. 5
and Table 2). The results showed that the chromaticity coordinate for the complex 3b
was CIE (x = 0.641, y = 0.358), which was very close to the ideal red CIE (x = 0.64,
y = 0.34) [29]. It indicated that the diacetoxyboron complex 3b was promising for

applications in optoelectronic materials.

<Figure 4>

<Figure 5>

<Table 2>

3.4. Solvatochromic effect

The effect of the solvent on UV-vis absorption and fluorescence behaviors of
diacetoxyboron complexes (1b-5b) was investigated at room temperature. The
UV-vis absorption and fluorescence spectra of these complexes in seven different
solvents (such as toluene, tetrahydrofuran, chloroform, dichloromethane, acetone,
acetonitrile and dimethyl sulfoxide) were shown in Figs. 6 and S1-S4. The changes
in their photophysical properties depending on solvent polarity were listed in Table 3.
From Table 3, the type of these solvents had a negligible effect on the UV-vis
absorption behaviors of these diacetoxyboron complexes, which indicated a small

difference in the dipole moments between the Franck—Condon excited state and the
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ground state [30]. In contrast to UV-vis absorption spectra, these complexes showed a
pronounced positive emission solvatochromism. The normalized fluorescence spectra
of diacetoxyboron complexes in various solvents were shown in Figs. 7A and S5-S8.
It was found that their fluorescence maxima caused a remarkable bathochromic shift
(10-45 nm) and the Stokes shift values (562—1329 cm™) were significantly enlarged
with the increase in solvent polarity. For instance, the complex 3b exhibited a large
red-shift of 38 nm in emission peaks from 510 nm in low-polar toluene to 548 nm in
high-polar DMSO. A notable change from green to yellow could obviously be
observed when the solutions of the complex 3b were placed under 365 nm UV
illumination (Fig. 7B). These data suggested that the energy of the excited state was
more influenced by increasing the solvent polarity in comparison with the energy of
the ground state [31]. It also revealed that there was a significant difference between
the excited and ground state charge distribution in these diacetoxyboron molecules,
which was due to the stronger intermolecular interaction with polar solvents in the
excited state [32]. The fluorescence quantum yields of diacetoxyboron complexes
(1b-5b) in seven different solvents were also determined using quinine sulfate (&, =
0.55) as standard and presented in Table 3. It was found that these complexes
exhibited the much higher quantum vyields in toluene, which meant that the
diacetoxyboron complexes were strong emissive in non-polar solvents and their
quantum yields were decreased with the increase of the solvent polarity. This was
because that the radiative decay process was decreased with increasing the solvent

polarity [9]. In addition, the fluorescence decay behaviors of complexes 1b-5b were
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measured using time-resolved fluorescence spectroscopy in seven different solvents
(Figs. 8 and S9-S12) and lifetime values (z) were summarized in Table 3. The results
showed that all the fluorescence decays of diacetoxyboron complexes in solutions
were well-fitted with a monoexponential function at their emission peak wavelength
and their lifetime values (z) also changed depending on solvent polarity. From Table 3,
the fluorescence lifetimes (z) of these complexes displayed a downward trend as a
whole with the increase of the solvent polarity, which could be explained by the
increase of the non-radiative decay in polar solvent resulted from these processes

such as quenching, energy transfer, and solvent-solute interaction.

<Figure 6>

<Figure 7>

<Figure 8>

<Table 3>

In order to gain further insight on solvatochromic behaviors of these

diacetoxyboron complexes, the correlation of the Stokes shift value (Av = vaps—Vi)

with the solvent polarity parameter (E+(30)) was investigated (the solvent parameters

are in Table S1). We plotted the fluorescence Stokes shift to the solvent E+(30)
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parameter in Figs. 9 and S13-S17. Their linear variations were obtained and the plots
were linear with correlation coefficients r = 0.94-0.97. The linear relationship of their
plots implied that the dipole—dipole interaction between the solute and solvent was
responsible for the larger solvent-dependent fluorescence shift in diacetoxyboron

complexes.
<Figure 9>

According to the Lippert—Mataga equation (Eq.1) [33], the difference in dipole
moments between the excited and ground states (Au) can be calculated from the slope
of a plot of the Stokes shift (Av) versus Af:

2
Zhig 5~ Af + constant (1)

AV =V =V, =

where Av is the Stokes shift in wavenumber (cm‘l), Vaps and vy, are the wavenumbers
of the absorption and fluorescence maxima, respectively, h is the Planck’s constant, ¢
is the velocity of light, a is the cavity radius, and Af is the orientation polarizability of
the solvent, defined as follows (Eg. 2):

e-1 n*-1
Af = —
2¢+1 2n%+1 (2)

Where ¢ is the solvent dielectric constant and n is the solvent refractive index. The

Lippert—-Mataga plots of diacetoxyboron complexes (1b-5b) in different solvents
were shown in Figs. 10 and S18-S22. It was observed that these plots revealed the

better linearity with correlation coefficients r = 0.94-0.96. The positive slope
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indicated the dipole moments of these complexes in the excited state were larger than
the corresponding dipole moments in the ground state [34]. Additionally, the dipole
moment difference between the ground and excited states (Au) of complexes (1b-5b)
can be estimated by the slope of these lines from the Lippert—Mataga equation. The
cavity radii (a) of complexes 1b-5b were calculated as 5.43, 5.56, 5.69, 5.85 and
5.66 A, respectively, by using Eq. (3) [35].

3M s
N’ ®)

a=(
where M is the molecular weight of the solute, N is the Avogadro constant, and d is
an assumed molecular density of 1g/cm’. The estimated dipole moment differences
(Aw) were 17.15, 18.12, 23.21, 29.30 and 23.41 D (debye) for complexes 1b-5Db,
respectively. These large dipole moment differences suggested the occurrence of
intramolecular charge-transfer induced by the solvent after excitation [36]. Especially,
complexes 3b—5b exhibited the higher Au values, indicating a stronger increase in the

excited state dipole moment and a more noticeable fluorescence solvatochromic

effects.
<Figure 10>

3.5. Electrochemical properties
Electrochemical behaviors of diacetoxyboron complexes 1b-5b were
determined by cyclic voltammetry (CV) in CH,Cl, solutions (5.0 x 10" mol-L™)

using the ferrocenium/ferrocene (Fc'/Fc) couple as the reference potential standard
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(Fig. 11), and electrochemical data were summarized in Table 4. These complexes all
exhibited the irreversible oxidation (Eo, ™" = +1.11, +1.01, +0.81, +1.13, +1.16 \V vs.
Fc'/Fc for complexes 1b-5b, respectively) and reduction process (E™™" = —0.93,
—0.96, —1.14, —1.10, —0.95 V vs. Fc*/Fc for complexes 1b-5b, respectively) in the
cyclic voltammograms. It was found that complex 1b displayed the smaller oxidation
and reduction potentials in these complexes, which was due to the electron-donating
methoxy substituents in the conjugated B(OAc),-chelating unit. From the onset
potentials of the oxidation and reduction potentials, the HOMO and LUMO energy
levels can be estimated from the empirical formula [37] : Enomo (V) = —(Eo,X™ +
4.8) and E ymo (€V) = —(Eres™™ + 4.8). The obtained HOMO energy levels were
-5.91, -5.81, -5.61, -5.93, -5.96 eV for complexes 1b-5b, respectively, and the
LUMO energy levels were —3.87, —3.84, -3.66, —3.70, —3.85 eV for complexes
1b-5Db, respectively (Table 4). The electrochemical HOMO-LUMO gaps can be

obtained from the formula: Eg;p = Eiumo — Enomo, and the EgeIeCtrOChem

of complexes
1b-5b were 2.04, 1.97, 1.95, 2.23, 2.11 eV, respectively (Table 4). It was observed
that the HOMO-LUMO gaps of complexes 2b and 3b were smaller in these
complexes, which was probably due to the introduction of the electron donor moieties
in the conjugated system [38]. Meanwhile, the optical band gaps of these complexes
can also be calculated using Tauc relation [39] from the UV-vis absorption spectra

(Table 4). Their values of E;*" were 2.67, 2.58, 2.43, 2.38, 2.36 eV for complexes

1b-5b, respectively, which was in agreement with their electrochemical band gaps.
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<Figure 11>

<Table 4>

4 Conclusions

In conclusion, several novel diacetoxyboron complexes of p-diketones
incorporated curcumin moiety were synthesized and characterized by FTIR, ‘*H NMR,
MS and elemental analysis. Their photophysical properties were studied by UV-vis
absorption and fluorescence spectroscopy in detail. It was found that their
fluorescence spectra yielded a blue to yellow-green emission at 473-554 nm in
dichloromethane solution and emitted a yellow to red emission at 535-643 nm in
solid state. The terminal aromatic moieties of these complexes exhibited a significant
impact on their fluorescence behaviors. Especially, the complex 3b displayed the
strongest emission intensity and the highest quantum efficiency (&, = 0.98) in
toluene among these complexes. The CIE coordinate of the complex 3b [CIExy
(0.641, 0.358)] in solid state was positioned in an ideal red region of the chromaticity
diagram. Meanwhile, the effect of different solvents on absorption and fluorescence
properties of these complexes was also studied and the solvent dependence of their
spectral behaviors was discussed by using the solvent polarity parameter approach
and Lippert—-Mataga plot. The results showed that these complexes exhibited a

pronounced positive fluorescence solvatochromism and the large dipole moment
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differences between the ground and excited states. It implied a strong increase in the
excited state dipole moment and the charge-transfer character of the excited state. In
addition, the HOMO, LUMO energy levels and energy band gaps of these complexes
were calculated according to the onset oxidation and reduction potentials of the cyclic
voltammograms. These results indicated that these D—A-D electronic structure boron
complexes might be used as excellent photoelectric functional materials and

fluorescent molecular probes.

Acknowledgment
The authors gratefully acknowledge financial support from National Natural
Science Foundation of China (No. 31870328) and Hubei Key Laboratory of Pollutant

Analysis and Reuse Technology (No. PA160203).

References

[1] K. Ono, J. Hashizume, H. Yamaguchi, M. Tomura, J.-i. Nishida, Y. Yamashita,
Synthesis, crystal structure, and electron-accepting property of the BF2 complex
of a dihydroxydione with a perfluorotetracene skeleton, Org. Lett. 11 (2009)
4326-4329.

[2] Y. Zhou, J.W. Kim, R. Nandhakumar, M.J. Kim, E. Chao, Y.S. Kim, Y.H. Jang,
C. Lee, S. Han, KM. Kim, J.J. Kim, J. Yoon, Novel binaphthyl-containing
bi-nuclear boron complex with low concentration quenching effect for efficient

organic light-emitting diodes, Chem. Commun. 46 (2010) 6512—6514.

21



[3] Y. Kajiwara, A. Nagai, K. Tanaka, Y. Chujo, Efficient simultaneous emission
from RGB-emitting organoboron dyes incorporated into organic—inorganic
hybrids and preparation of white light-emitting materials, J. Mater. Chem. C 1
(2013) 4437 —4444.

[4] C. Qian, K.Y Cao., X.L. Liu, X.F. Zhang, D.F. Xu, P.C. Xue, R. Lu, Scaffold-like
3D networks fabricated via the organogelation of [-diketone-boron for
fluorescent sensing organic amine vapors, Chin. Sci. Bull. 57 (2012) 4264—4271.

[5] H.X. Zhang, J.B. Chen, X.F. Guo, H. Wang, H.S. Zhang, Highly sensitive low
background fluorescent probes for imaging of nitric oxide in cells and tissues,
Anal. Chem. 86 (2014) 3115-3123.

[6] M.J. Mayoral, P. Ovejero, J.A. Campo, J.V. Heras, E. Oliveira, B. Pedras, C.
Lodeiro, M. Cano, Exploring photophysical properties of new boron and
palladium(Il) complexes with P-diketone pyridine type ligands: from liquid
crystals to metal fluorescence probes, J. Mater. Chem. 21 (2011) 1255-1263.

[7] E. Cogné-Laage, J.-F. Allemand, O.Ruel, J.-B. Baudin, V. Croquette, M.
Blanchard-Desce, L. Julien, Diaroyl(methanato)boron difluoride compounds as
medium-sensitive two-photon fluorescent probes, Chem. Eur. J. 10 (2004)
1445-1455.

[8] P.-Z. Chen, L.-Y. Niu, Y.-Z. Chen, Q.-Z. Yang, Difluoroboron b-diketonate dyes:
Spectroscopic properties and applications, Coord. Chem. Rev. 350 (2017)
196-216.

[9] C. Qian, G. Hong, M. Liu, P. Xue, R. Lu, Star-shaped triphenylamine terminated

difluoroboron  B-diketonate = complexes:  synthesis, photophysical and

22



electrochemical properties, Tetrahedron 70 (2014) 3935-3942.

[10] Y.N. Kononevich, N.M. Surin, V.A. Sazhnikov, E.A. Svidchenko,V.M.
Aristarkhov, A.A. Safonov, A.A. Bagaturyants, M.V. Alfimov, A.M. Muzafarov,
Synthesis and photophysical properties of halogenated derivatives of (dibenzoyl
methanato)boron difluoride, Spectrochim. Acta Part A 175 (2017) 177-184.

[11] F. Zhang, L. Zhai, S. Feng, W. Mi, J. Sun, M. Sun, J. Zhao, R. Lu,
Mechanofluorochromism of NIR-emitting dyes based on difluoroboron
B-carbonyl cyclic ketonate complexes, Dyes Pigm. 156 (2018) 140-148.

[12] L. Fan, D. Wang, H. Liu, D.-J. Wang, G.-D. Yin, Preparation and photophysical
properties of thienothiophene functionalized difluoroboron bis-p-diketonate
complexes, Spectrochim. Acta Part A 204 (2018) 525-531.

[13] M.A. Khan, R. EI-Khatib, K.D. Rainsford, M.W. Whitehouse, Synthesis and
anti-inflammatory properties of some aromatic and heterocyclic aromatic
curcuminoids, Bioorg. Chem. 40 (2012) 30-38.

[14] F. Mohammadi, M. Sahihi, A. K. Bordbar, Multispectroscopic and molecular
modeling studies on the interaction of two curcuminoids with B-lactoglobulin,
Spectrochim. Acta Part A 140 (2015) 274-282.

[15] V.D. John , M.B. Ummathur, K. Krishnankutty, Synthesis, characterization, and
antitumour studies of some curcuminoid analogues and their aluminum
complexes, J. Coord. Chem. 66 (2013) 1508-1518.

[16] C. Ran, X. Xu, S.B. Raymond, B.J. Ferrara, K. Neal, B.J. Bacskai, Z. Medarova,
A. Moore, Design, synthesis, and testing of difluoroboron-derivatized curcumins

as near-Infrared probes for in vivo detection of amyloid-p deposits, J. Am. Chem.

23



Soc. 131 (2009) 15257-15261.

[17] A. Chaicham, S. Kulchat, G. Tumcharern, T. Tuntulani, B. Tomapatanaget,
Synthesis, photophysical properties, and cyanide detection in agueous solution of
BF2-curcumin dyes, Tetrahedron 66 (2010) 6217-6223.

[18] G. Bai, C. Yu, C. Cheng, E. Hao, Y. Wei, X. Mu, L. Jiao, Syntheses and
photophysical properties of BF2 complexes of curcumin analogues, Org. Biomol.
Chem. 12 (2014) 1618-1626.

[19] S.N. Margar, L. Rhyman, P. Ramasami, N. Sekar, Fluorescent
difluoroboron-curcumin analogs: An investigation of the electronic structures and
photophysical properties, Spectrochimica Acta Part A 152 (2016) 241-251.

[20] A. Felouat, A. D’Aléo, F. Fages, Synthesis and Photophysical properties of
difluoroboron complexes of curcuminoid derivatives bearing different terminal
aromatic units and a meso-aryl ring, J. Org. Chem. 78 (2013) 4446—4455.

[21] D. Wang, Y.-P. Wan, H. Liu, D.-J. Wang, G.-D. Yin, Synthesis,
photoluminescent and electrochemical properties of diacetoxyboron derivatives
for bis-B-diketone linked thienothiophene, Dyes Pigm. 149 (2018) 728-735.

[22] J. N. Demas, G. A. Croshby, The measurement of photoluminescence quantum
yields, J. Phys. Chem. 75 (1971) 991-1024.

[23] N.M.D. Brown, P. Bladon, Spectroscopy and structure of (1.3-diketonato) boron
difluorides and related compounds, J. Chem. Soc. A (1969) 526-532.

[24] O.A. Turanova, A.N. Turanov, D.V. Lapaev, O.l. Gnezdilov, S.V. Lobkov, Y.G.
Galyametdinov, The first mesogenic derivative of boron difluoride (3-diketonate,

Russ. J. Gen. Chem. 76 (2006) 730-732.

24



[25] V.A. Reutov, E.V. Gukhman, E.E. Kafitulova, Boron difluoride p-diketonates:
[11. Boron difluoride 3-organylpenta-2,4-dionates. Russ. J. Gen. Chem. 73 (2003)
1441-1444.

[26] K. Ono, K. Yoshikawa, Y. Tsuji, H. Yamaguchi, R. Uozumi, M. Tomura, K.
Taga, K. Saito, Synthesis and photoluminescence properties of BF2 complexes
with 1,3-diketone ligands, Tetrahedron 63 (2007) 9354-9358.

[27] H.-H. Zhang, X. Hu, W. Dou, W.-S. Liu, Photoluminescence properties of new
BF2 complexes with pyrazolone ligands: dependence on volume and electronic
effect of substituents, J. Fluor. Chem. 131 (2010) 883-887.

[28] K. Shirai, M. Matsuokab, K. Fukunishi, Fluorescence quenching by
intermolecular 110 interactions of 2,5-bis(N,N-dialkylamino)-3,6-dicyano-
pyrazines, Dyes Pigm. 42 (1999) 95-101.

[29] W. Li, W. Lin, J. Wang, X. Guan, Phenanthro[9,10-d]imidazole-quinoline boron
difluoride dyes with solid-state red fluorescence, Org. Lett. 15 (2013) 1768—-1771.

[30] T. S. Singh, S. Mitra, Fluorescence behavior of intramolecular charge transfer
state in trans-ethyl p-(dimethylamino)cinamate, J. Lumin. 127 (2007) 508-514.

[31] R. Alphonse, A. Varghese, L. George, A. Nizam, Estimation of ground state and
excited state dipole moments of a novel Schiff base derivative containing 1, 2,
4-triazole nucleus by solvatochromic method, J. Mol. Lig. 215 (2016) 387—395.

[32] U.P. Raghavendra, M. Basanagouda, R.M. Melavanki, R.H. Fattepur, J.
Thipperudrappa, Solvatochromic studies of biologically active iodinated
4-aryloxymethyl coumarins and estimation of dipole moments, J. Mol. Lig. 202

(2015) 9-16

25



[33] J.R. Lakowicz, Principles of fluorescence spectroscopy, third ed., Springer, New
York, 2006, pp. 208-213.

[34] D. Li, M. Liu, J. Chen, J. Lan, X. Huang, H. Wu, Synthesis and photoelectric
properties of novel indeno[2,1-a]phenalene-based derivatives, Dyes Pigm. 97
(2013) 389-396.

[35] E. Bozkurta, H.l. Gulb, E. Mete, Solvent and substituent effect on the
photophysical properties of pyrazoline derivatives: A spectroscopic study, J.
Photochem. Photobiol. A 352 (2018) 35-42.

[36] Y.H. Pang, S.M. Shuang, M.S. Wong, Z.H. Li, C. Dong, Study on photophysical
properties of intramolecular charge transfer (ICT) compound: 4-(diphenylamino)
biphenyl-4’-boronic acid, J. Photochem. Photobiol. A 170 (2005) 15-19.

[37] X. Ma, J. Jiao, J. Yang, X. Huang, Y. Cheng, C. Zhu, Large stokes shift chiral
polymers containing (R,R)-salen-based binuclear boron complex: Synthesis,
characterization, and fluorescence properties, Polymer 53 (2012) 3894-3899.

[38] B. Yucel, K. Meral, D. Ekinci, G.Y. Uzunoglu, N.S. Tiiziin, S. Ozbey, C. Kazak,
Y. Ozdemir, B. Sanli, G. Kayik, M. Dagdeviren, Synthesis and characterization of
solution processable 6,11-dialkynyl substituted indeno[1,2-bJanthracenes, Dyes
Pigm. 100 (2014) 104-117.

[39] A. Misra, P. Kumar, R. Srivastava, S.K. Dhawan, M.N. Kamalasanan, S.
Chandra, Electrochemical and optical studies of conjugated polymers for three

primary colours, Indian J. Pure Ap. Phy. 43 (2005) 921-925.

26



Tables:

Table 1

Photophysical data of diacetoxyboron complexes 1b-5bin dichloromethane solution.

Complexes Amax (M) log emax  Aex ("MM)  Aem (NM) 7 (nS) Dy AVstokes (cm’l)

1b 424, 450(sh)  4.51 428 473 3.63 0.67 2443
2b 440, 466(sh) 4.64 442 492 1.26 0.56 2402
3b 464, 490(sh)  4.66 468 535 2.63 0.92 2860
4b 472 4.65 470 554 599 0.64 3136

5b 474, 502(sh)  4.70 478 545 1.84 0.45 2748

Table 2

Photophysical data for diacetoxyboron complexes 1b-5b in solid state.

Complexes  Ae (NM) Aem (NM)  Ahgores €M) CIE, CIE,
1b 473 535 2450 0.366 0.602
2b 482 566 3079 0.492 0.502
3b 513 628 3570 0.641 0.358
4b 537 643 3070 0.661 0.338

5b 550 639 2532 0.599 0.397
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Table 3

Spectroscopic and photophysical properties of complexes 1b-5bin various solvents.

Complexes  Solvents  Amax ("MM)  10g €max  Aem (NM)  Avstokes €M) T (nS) o
1b Toluene 424 4.61 466 2126 3.58 0.72
THF 422 4.56 468 2329 3.49 0.73
CHCl, 426 4.54 472 2288 3.60 0.66
CH.,CI, 424 4.51 473 2443 3.63 0.67
Acetone 422 4.61 473 2555 3.43 0.57
CH;CN 422 4,55 476 2688 3.24 0.64
DMSO 428 4,68 480 2531 3.13 0.52
2b Toluene 436 4.58 481 2146 1.34 0.88
THF 434 4.64 484 2380 1.32 0.75
CHCl, 440 4,59 491 2360 1.25 0.63
CH.,CI, 440 4.64 492 2402 1.26 0.56
Acetone 434 4.61 489 2592 1.19 0.58
CH;CN 434 4,66 493 2757 1.23 0.55
DMSO 442 4.69 499 2584 1.27 0.51
3b Toluene 456 4,72 510 2322 2.45 0.98
THF 456 4.69 518 2625 2.38 0.95
CHCl, 464 4.64 529 2648 2.52 0.91
CH,Cl, 464 4,66 535 2860 2.63 0.92
Acetone 458 4,70 531 3002 2.29 0.88
CH;CN 462 4.69 541 3161 2.09 0.85
DMSO 468 4,74 548 3120 2.26 0.83
4b Toluene 468 4,56 529 2464 5.13 0.84
THF 464 4.54 539 2999 5.75 0.75
CHCl, 474 4.60 551 2948 5.73 0.73
CH.,CI, 472 4,65 554 3136 5.99 0.64
Acetone 464 4.59 553 3469 4.67 0.58
CH;CN 468 4,58 569 3793 4.50 0.43
DMSO 478 4,62 574 3499 4.24 0.38
5b Toluene 470 4.70 523 2156 2.57 0.74
THF 468 4.67 531 2535 2.38 0.61
CHCl, 474 4.70 543 2681 1.93 0.47
CH.,Cl, 474 4.70 545 2748 1.84 0.45
Acetone 468 4,76 544 2985 1.77 0.41
CH;CN 472 4,77 550 3005 1.81 0.33

DMSO 478 4.81 558 3000 203 0.38
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Table 4 Electrochemical properties of diacetoxyboron complexes 1b-5b.

Complexes  Eop®™ (V) Ere®* (V) HOMO(eV) LUMO(V) EF MM ey)  EL (eV)
1b +1.11 -0.93 -5.91 -3.87 2.04 2.67
2b +1.01 —0.96 -5.81 -3.84 1.97 2.58
3b +0.81 -1.14 -5.61 —-3.66 1.95 2.43
4b +1.13 -1.10 -5.93 -3.70 2.23 2.38
5b +1.16 —0.95 -5.96 -3.85 2.11 2.36
Schemes:
o o AcO\ pAc
O O B,0O3, B(OC4Hg) B
MM+ r-cHO = 493RWRM, oo
C4HgNH> Benzene RWR
la- 5a 1b - 5b

QO e 5

Scheme 1 Synthesis of diacetoxyboron complexes 1b-5b
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Figure Captions:

Fig. 1 UV-vis spectra for diacetoxyboron complexes (1b-5b) in dichloromethane
solution (1.0x10™° mol-L™).

Fig. 2 The excitation (A) and emission (B) spectra for diacetoxyboron complexes
(1b-5b) in dichloromethane solution (1.0 x 10> mol-L ™).

Fig. 3 Fluorescence lifetime decay for complexes 1b-5b in dichloromethane (1.0 x
10~° mol-L ™), monitored at 473, 492, 535, 554 and 545 nm, respectively.

Fig. 4 The excitation (A) and emission (B) spectra for diacetoxyboron complexes
(1b-5b) in solid state at room temperature.

Fig. 5 The CIE chromaticity diagram of diacetoxyboron complexes 1b-5b in solid
state.

Fig. 6 The absorption (A) and emission (B) spectra for diacetoxyboron complex 3b in
different solvents (1.0 x 10> mol-L ™).

Fig. 7 Normalized emission spectra (A) in different solvents (1.0 x 10> mol-L™") and
photographs under 365 nm UV illumination (B) for diacetoxyboron complex 3b.

Fig. 8 Fluorescence lifetime decay for complex 3b in different solvents (1.0 x 10°°
mol-L™"), monitored at 510, 518, 529, 535, 531, 541 and 548 nm, respectively.

Fig. 9 The plots of Stokes shift versus the solvent polarity parameter E+(30) of
diacetoxyboron complexes 1b-5b.

Fig. 10 The plots of Stokes shift versus the orientation polarizability function (Af) of
diacetoxyboron complexes 1b-5b.

Fig. 11 Cyclic voltammograms of diacetoxyboron complexes 1b-5b in
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dichloromethane (5.0 x 10 mol-L™).
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Fig.5
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Highlights
» Synthesis of diacetoxyboron complexes with curcumin derivatives.
» Photophysical behaviors of diacetoxyboron complexes in solution and solid state.
» Solvatochromic effect for diacetoxyboron complexes in different solvents.

» Electrochemical behaviors for diacetoxyboron complexes.
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