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Boron B-iminoenolates having coumarin-6-yl moiety on the nitrogen atom and BF, or BPh, fragment
fluoresce both in solid state and in frozen 2-methyltetrahydrofuran at 77 K. No fluorescence was
observed in solution. The fluorescence starts to appear in aggregation state after admixing their THF

solutions with water.
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Abstract: Six coumarin-based polarized ethylenes (enamiooles, enaminoester and
enaminoamide) were prepared using the condensgattithie parenf-dicarbonyl compounds with 6-
aminocoumarin. Reaction of the polarized ethylemiés an appropriate source of trivalent boron gave
corresponding borofriminoenolates having either BBr BPh fragment. The prepared iminoenolates
were characterized by means of multinuclear magmesionance in solution, single-crystal X-ray
diffraction and UV/Vis spectroscopy. A prelimindgminescence study of the iminoenolates as well
as their parent enamines was done. The compouhdlsitex! fluorescence in a solid state as well as in
a frozen 2-methyltetrahydrofuran at 77 K. Exploratiests showed promising AIE/AIEE properties

of the tested compounds. On the other hand, nogheence in a solution state (with one exception)

was observed.
Keywords: Enaminone, boron, fluorescence, iminoenolate, NXHRay.
1. Introduction

Luminescent organic molecules have received a gteaition due to their applicability as materials
for organic light-emitting diodes (OLEDS) [1, 2)ganic field-effect transistors (OFETS) [3],

fluorescent probes [4, 5] and many others. Duimgytears a number of noteworthy luminophores

OCorresponding author. Tel.: +420 466 037 039; f&20 466 037 068; e-mail: petr.simunek@upce.cz

1



have been introduced: e.g. coumarin and its dévesa{for recent review see e.g. ref. [6]),
polyaromatics [7], porphyrins [8—11], xanthenes][bdranils [13,14] etc. One way how to affect the
luminescent properties of an organic molecule aarbincorporation of a BRragment into a
suitable bidentate ligand [1, 15]. Recently soneristing fluorescent boron difluoride complexes of
coumarins have been synthetized and characterlfed ¥]. BODIPY are another example of well-
known BR-containing molecules having excellent fluorescemoperties [4, 18—-26]. Despite of their
advantages, BODIPY also suffer from some drawbadksh limit them in use, especially weak
luminescence in a solid state [15]. Searching éwmehluminophores is then an important goal for
chemists. Difluoroboron complexes@enaminones (Fig. 1) which belong among the family [&f
iminoenolate boron complexes [27] have recentlpated attention as a promising class of
fluorophores and number of them have been syn#tetind characterized [28-38]. Xia et al. [32]
described excellent solution-state fluorescencedone heterocycliB-iminoenolates. Shankarling et
al. [38] described synthesis, spectral and elelotmical characterization of some boron difluoride
complexes of benzoindoline-baggé@naminones. These compounds exhibit fluoresceuoiteii a
solution and in a solid state, which is not tooalsGenerally compoundspossess a weak
fluorescence in solution, but strong in solid sfa& 33] which is typical for substances havindzAl

or AIEE (aggregation-induced emission/aggregatiaced emission enhancement) properties [33].
Substances with these properties can have a rdmpggemtial applications e.g. as OLED, sensors or
agents for photodynamic therapy [39]. To the béso knowledge, the fluorescence properties of
diarylboron chelates ¢§-enaminones$ are less examined, in comparison with their diftuo
analogues. Balaban et al. [40] described syntlesispectral characterization of some dialkyl and
diphenyl boron chelates of enaminoketones. Ramtig-{311] prepared and characterized some
enaminone-based boronates with NLO properties.cBatdbased enaminone complexes of boron
have been prepared and characterized by Atwodd[@RhKunick et al. [31] described synthesis and
structure of some boron complexes of 4-anilinomletig-1-benzazepine-2,5-diones. During the past
several years we have published synthesis, NMRXaray characterization, basic fluorescence and
DSC study and some interesting chemical behavimundmber of 2,2-diphenyl-1,3,2-oxazaborines

derived from enaminones and related compoundsAf2845].

Inspired by the above-mentioned, we decided to coeihe enaminone-based oxazaborines (both
BF, and BPh) with another important fluorophore: coumarin. Thasulting compounds could be
potential fluorophores having AIE or AIEE propestién the present work we describe the synthesis,
NMR and X-ray characterization and preliminary flescence study of some novel coumarin-based

oxazaborines with general formula(Fig. 1).
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Fig. 1. General formula of boron iminoenolates (left) antjects studied here (right).
2. Materials and methods
2.1. General

NMR Spectra were measured using NMR spectrometerseB AVANCE |1l operating at 400.13

MHz (*H), 376.50 MHz {°F), 127.38 MHz {'B) and 100.12 MHZz'{C) and Bruker Ascend™
operating at 500.13 MHZHj), 470.66 MHz {°F), 160.48 {'B) and 125.12 MHZz'{C). Proton spectra

in CDCl; were calibrated on an internal TM&=X 0.00 ppm) and in DMSO-d6 on the middle signal of
the solvent multipletd = 2.50 ppm). Carbon spectra were measured withdiyand proton

decoupling in an ordinary way or using APT pulsgussce. Calibration of the carbon spectra was
done on the middle of the solvent multiplétH77.23 ppm in CDGland 39.51 in DMSO-d6).
Fluorine-19 NMR spectra were measured without prakecoupling using,a,a-trifluorotoluene as

the secondary external standaid=(-63.9 ppm against CFCAs the primary standard) [46]. Boron-11
NMR were measured in 5 mm quartz NMR tubes (Notelihg B(OMe) as an external standaii=
18.1 ppm) [47]. All the pulse sequences were tdi@n the Bruker pulse sequence library. Elemental
analyses were performed on a Flash EA 2000 CHN&aiic analyser (Thermo Fisher Scientific).
HRMS were measured on a MALDI LTQ Orbitrap XL (Ther Fisher Scientific) with 2,5-
dihydroxybenzoic acid (DHB) as the matrix. Meltipgints were measured on a Kofler hot-stage
microscope Boetius PHMK 80/2644 and were not cterkc

The absorption spectra were measured on a UV/\fidriREImer Lambda 35 spectrophotometer at
room temperature. The emission spectra were maheuara Perkin-Elmer LS55 Spectrofluorimeter
equipped with a commercial low temperature accgsmod a special commercial cuvette. The
fluorescence spectra in solid phase were recorded the surface of the pressed powder in the slpecia
cuvette. The spectra were corrected for the chetiatits of the emission monochromator and for the

photomultiplier response and by excitation at tleeelengths of the absorption maxima.

The X-ray data for colorless crystals@if and light yellow crystals ofa were obtained at 150 K

using an Oxford Cryostream low-temperature devita donius Kappa CCD diffractometer with Mo
K, radiation j = 0.71073 A), a graphite monochromator, andgtaady scan mode. Data reductions
were performed with DENZO-SMN [48]. The absorptisas corrected by integration methods [49].

Structures were solved by direct methods (Sir9Q) #d refined by full matrix least-square based on
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F? (SHELXL97) [51]. Hydrogen atoms were mostly lozeli on a Fourier difference electron density
map, however, to ensure uniformity of treatmentrgbtal, all hydrogen atoms were recalculated into
idealized positions (riding model) and assignedptemrature factors K(H) = 1.2 U, (pivot atom) or

of 1.5U., (methyl). Hydrogen atoms in methyl moieties andromatic rings were placed with C—H
distances of 0.96 and 0.93 A resp.

Rt = X0OFy” - Fomean VX Fo’, GOF = B(W(Fo” - F¢?)?)/(Naitirs - Nparamg] * for all dataR(F) = X000, -
OF VY. 0OF ,Cfor observed datayR(F?) = [Z(W(Fo? - FA)?)/(EwW(FH)A)]™ for all data.

2.2. Material

All the solvents and reagents were used commexailabut further treatments. The procedures for
synthesis of 6-nitrocoumari2) and 6-aminocoumarir8) and their characterization data are in
Supporting Information3-Dicarbonyl compound4 were used commercial without further treatments.

Diphenylborinic acid was prepared according tolitleeature procedure (see Supporting Information).
2.2.1. General procedure for the synthesiSasfc

The mixture of 6-aminocoumariB)((0.6 g, 3.7 mmol)p-diketone4 (3.7 mmol) ang-
toluenesulfonic acid (6 mg, 0.03 mmol) in tolue@é (nL) was refluxed for 10-48 h. Water formed
during the reaction was removed in the form of &oge until only clear toluene distilled. The
volatile components were then evaporated undercestipressure. Produ&a—c(white or yellow
solids) were purified either by recrystallizationfiostly isolated by column chromatography andithe

recrystallized. The following compounds were preplan this manner:

6-{[(22)-4-Oxopent-2-en-2-yllamino}-2H-chromen-2e{®a). From pentane-1,3-diondd). Reflux

for 10 h; recrystallization from methanol. Yield36 g (40 %) of pale yellow solid. M.p.: 132-133 °C
'H NMR (CDCL/400 MHz):8y 2.01 (3H, s), 2.12 (3H, s), 5.25 (1H, s), 6.47 (8iH) = 9.5 Hz), 7.25—
7.33 (3H, m), 7.72 (1H, d,= 9.5 Hz), 12.49 (1H, br s) ppiC NMR (CDCk/101 MHz):5¢ 19.8,
29.3,98.3, 117.5, 117.6, 119.2, 123.3, 128.6,3,3512.9, 151.6, 159.8, 160.4, 196.8. Anal. Calc. f
CiH1sNOs: C, 69.12; H, 5.39; N, 5.76. Found: C, 68.91; H45I8, 5.66.

6-{[(22)-4-Ox0-4-phenylbut-2-en-2-yllamino}-2H-chren-2-onefb). From 1-phenylbutane-1,3-
dione @b). Reflux for 20 h; can be recrystallized from etbl Yield: 5.23 g (75 %) of light yellow
solid. M.p.: 157-158.5 °CH NMR (CDCkL/400 MHz):3,; 2.15 (3H, s), 5.95 (1H, s), 6.48 (1H, d,
J=9.6 Hz), 7.30 (1H, m), 7.34-7.36 (2H, m), 7.43173H, m), 7.68 (1H, d]= 9.6 Hz), 7.91-7.93
(2H, m), 13.13 (1H, br s) ppmiC NMR (CDCL /100 MHz,):3¢ 20.6, 95.0, 117.9, 118.0, 119.5,
123.6, 127.3, 128.6, 128.8, 131.4, 135.4, 139.8,9452.0, 160.5, 161.9, 189.4 ppm. Anal. Calc. fo
CigH1sNO3: C, 74.74; H, 4.95; N, 4.59. Found: C, 74.56; H,7419, 4.80.



6-{[(32)-5-Oxohept-3-en-3-yllamino}-2H-chromen-2ec). From heptane-3,5-diondd). Reflux
for 48 h; flash chromatography (silica gel, CHEtOAc, 3:2); recrystallization from methanol.
Yield: 0.88 g (52 %) of light yellow solid. M.p.3%—-74.5 °C*H NMR (CDCk/400 MHz):&y, 1.08
(3H,t,J=7.5Hz), 1.15 (3H, )= 7.5 Hz), 2.32 (2H, g = 7.5 Hz), 2.41 (2H, q] = 7.5 Hz), 5.28
(1H, s), 6.47 (1H, dJ=9.5 Hz), 7.28 — 7.34 (3H, m), 7.68 (1HJd& 9.5 Hz), 12.50 (1H, br s) ppm;
3C NMR (CDCK/100 MHz,):5¢ 9.9, 12.5, 25.2, 35.5, 95.2, 117.6, 117.8, 11823,9, 129.2, 135.4,
143.0, 151.8, 160.5, 165.5, 201.0 ppm. Anal. (alcC,¢H;/NO3: C, 70.83; H, 6.32; N, 5.16. Found:
C, 70.61; H, 6.11; N, 5.09.

2.2.2. Synthesis of enaminoamiatband enaminoestée

(Method A) A 50 mL flask was charged with 6-aminocoumaBh(l.1 g, 6.83 mmol), ethyl

acetoacetated) (10.5 g, 80.7 mmol) and catalytic amount of acatid (0.03 mL). The reaction
mixture was heated gently in order to dissolve @érasoumarin 8). The clear solution was then
stirred for 3.5 days at room temperature. Predgut@roducbe was filtered off and washed with

ethanol.

(Method B) A 250 mL flask fitted with a condenser was charggth 6-aminocoumarin3 (3.68 g,
0.02 mol), ethyl acetoacetatd] (3 g, 0.02 mol), acetic acid (0.08 mL) and toe:éh50 mL). The
reaction mixture was heated to boiling for 14 he Twater formed during the reaction was distillefd of
as water-toluene azeotrope. After the reactionfiméshed, enaminoamided precipitated upon
cooling and was removed by suction. Enaminodsgeras isolated from the filtrate by evaporation

and recrystallization of the residue from ethanol.

(22)-N-(2-Ox0-2H-chromen-6-yl)-3-[(2-ox0-2H-chromésyl)amino]but-2-enamidesf). (Method

B) The precipitate was washed with DCM and hot etharield: 2.78 g (36 %) of yellow-brown
solid; m.p.: 238-239 °CH NMR (DMSO-d/400 MHz):8y 2.07 (3H, s), 4.90 (1H, s), 6.46 (1H, d,
J=9.5Hz), 6.53 (1H, d1= 9.5 Hz), 7.34 (1H, d] = 9.0 Hz), 7.36-7.38 (1H, m), 7.41-7.44 (1H, m),
7.55 (1H, dJ=2.8 Hz), 7.64 (1H, ddl = 9.0 Hz, 2.5 Hz), 8.02-8.06 (2H, m), 8.10 (1H, d,
J=2.5Hz),9.79 (1H, br s), 11.23 (1H, br s) ppra, NMR (DMSO-@/100 MHz,):8¢ 20.1, 90.1,
116.4,116.5, 116.8, 117.0, 117.05, 118.7, 1122,8, 123.0, 127.2, 135.9, 136.4, 143.9, 144.5,
148.7, 150.1, 155.8, 159.9, 160.1, 168.3 ppm. Analc. for G,H1¢N,Os: C, 68.04; H, 4.15; N, 7.21.
Found: C, 67.92; H, 4.23; N, 7.38.

Ethyl (22)-3-[(2-0x0-2H-chromen-6-yl)amino]but-2aaie 6€). Pale yellow solid. flethod A)
Yield: 0.72 g (39 %); m.p.: 117-118 °@4¢thod B) Yield: 0.86 g (16 %); mp 112.5-113.5 °C.
Spectral data from both the methods were consistétMR (CDCL/400 MHz):5, 1.30 (3H, t,
J=7.0Hz), 1.99 (3H, s), 4.16 (2H, 3= 7.0 Hz), 4.75 (1H, s), 6.46 (1H, 8= 9.5 Hz), 7.20 (1H, d,
J=2.3Hz), 7.25 - 7.32 (2H, m), 7.66 (1HJd& 9.5 Hz), 10.40 (1H, br s) ppiC NMR
(CDCl3/100 MHz,):8¢ 14.7, 20.4, 59.2, 87.3, 117.7, 117.8, 119.4, 1228.7, 136.1, 143.0, 151.5,
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158.5, 160.7, 170.6 ppm. Anal. Calc. foglisNO,: C, 65.92; H, 5.53; N, 5.13. Found: C, 65.68; H,
5.46; N, 4.91.

2.2.3. General procedure for the synthesis of ¥Rato-1,3,2.*-oxazaborine$

The procedure was adopted from ref. [52] The enang@b (1.5 mmol) was dissolved or suspended in
dry DCM (10 mL) and triethylamine (3 mL, 3 mmol) svadded afterwards. The reaction mixture was
stirred at room temperature for 20 min. ConseqyeB#; - ELO (0.56 mL, 4.5 mmol) was added, the
mixture was refluxed for 3 h and then stirred hblatory temperature for another 12—-96 h. The crude
product was obtained by evaporation of the soleethly filtration of the precipitate. The following

compounds were prepared using this procedure:

2,2-Difluoro-4,6-dimethyl-3-(2-oxo-2H-chromen-6-$13,2*-oxazaborine §a). Preparedrom 5a,
reaction time 16 h, recrystallization from ethan@kld: 0.28 g (65 %) of yellow solid, m.p.: 21721
°C.'"H NMR (CDCL/400 MHZz):8y; 1.99 (3H, s), 2.23 (3H, s), 5.60 (1H, s), 6.50,(@iH = 9.5 Hz),
7.34-7.37 (1H, m), 7.40-7.42 (2H, m), 7.70 (1H] d,9.5 Hz) ppm;*C NMR (CDCL/100 MHz,):8¢
21.6, 23.3,99.2, 118.0, 118.2, 119.6, 125.5, 13A®6.0, 142.9, 153.6, 160.3, 172.0, 178.5 ppm.
HRMS (MALDI, m/2 Calcd. for G4H:sBF:NO; [M+H] " 292.09511; Found 292.09531; Calcd. for
C14H1,BFNO; [M—F]* 272.08888; Found 272.08907; Calcd. fasHG,BF,NNaO; [M+Na]*
314.07705; Found 314.07735; Calcd. fasHG.BF,KNO; [M+K] *330.05099; Found 330.05134.

2,2-Difluoro-4-methyl-6-phenyl-3-(2-oxo-2H-chrom@y)-1,3,2*oxazaborine §b). Prepared from
5b, reaction time 24 h, purification by extraction witbiling ethanol. Yield: 1.61 g (83 %) of light
yellow solid, m.p.: 214-216.5 °¢Hd NMR (CDCL/400 MHz):5y 2.13 (3H, s), 6.27 (1H, s), 6.50 (1H,
d,J=9.5Hz), 7.41-7.42 (2H, m), 7.47-7.51 (3H, my5+7.60 (1H, m), 7.72 (1H, d= 9.8 Hz),
7.99-8.01 (2H, m) ppnt’C NMR (CDCK/100 MHz,):8¢ 22.2, 95.9, 118.0, 118.2, 119.6, 125.5,
127.8, 129.0, 129.9, 133.1, 136.2, 142.9, 153.6,3164.72.0, 172.3 ppm. Anal. Calc. for
CigH1.BF:NOs: C, 64.62; H, 4.00; N, 3.97 %. Found: C, 64.35; 1943N, 3.85.

Crystallographic data f@b: C;gH14BF,NOs, M = 353.12, triclinicP -1,a = 6.6760(2)b = 6.9680(3),
c=17.9561(8) Ap = 88.422(3)B = 79.445(3)y = 76.136(3) °, Z = 2, V = 797.12(6AD, = 1.471
g.cmi®, g = 0.114 mrit, T/ Tmax = 0.980/0.991; -Z h< 8, -9< k < 8, -23< | < 22; 10245 reflections
measuredfmax = 27.30 °), 3515 independent{R 0.0415), 2685 with> 2 (1), 235 parameter§=
1.112,R1(obs. data) = 0.0498/RZall data) = 0.1040; max., min. residual electrengity = 0.311, -
0.276 &=,

4,6-Diethyl-2,2-difluoro-3-(2-oxo-2H-chromen-6-yll)3, 2*-oxazaborine §c). Prepared fronsc,
reaction time 12 h, purification by flash chromatgahy (silica gel, DCM) and subsequent
recrystallization from ethanol. Yield: 0.51 g (89 & white solid, m.p.: 133—-135 °¢H NMR
(CDClIy/400 MHz):8y 1.12 (3H, tJ = 7.6 Hz), 1.26 (3H, t] = 7.6 Hz), 2.24 (2H, ] = 7.6 Hz), 2.49



(2H, q,J=7.6 Hz), 5.62 (1H, s), 6.49 (1H, 8= 9.6 Hz), 7.34-7.42 (3H, m), 7.70 (1HJds 9.6 Hz)
ppm.**C NMR (CDCK/100 MHz,):5¢ 10.6, 12.1, 27.3, 30.1, 95.5, 118.0, 118.1, 11125,7, 130.2,
135.7, 142.9, 153.6, 160.3, 176.8, 183.1 ppm. HRMALDI, m/2 Calcd. for GH;BF2NO3
[M+H]" 320.12641; Found 320.12669; Calcd. fegHGsBFNO; [M—F]* 300.12018; Found
300.12040; Calcd. for H:¢BF;,NNaO; [M+Na]* 342.10835; Found 342.10865; Calcd. for
CieH16BF.KNO3 [M+K] * 358.08229; Found 358.08261.

2,2-Difluoro-4-methyl-3-(2-oxo-2H-chromen-6-yl)-@foxo-2H-chromen-6-yl)amino]-1,3/2-
oxazaborine §d). Prepared frondd, reaction time 96 h, precipitated product washet wtiher. Yield:
0.95 g (85 %) of yellow solid, m.p.: 253.5-255 *8.NMR (DMSO-¢/400 MHz):5y 1.89 (3H, s),
5.19 (1H, br s), 6.52-6.55 (2H, m), 7.40-7.44 (@hl,7.48 (1H, dJ = 9.0 Hz), 7.58-7.62 (2H, m),
7.68 (1H, dJ = 2.5 Hz), 8.08-8.12 (2H, m), 10.78 (1H, br s) ppi@ NMR (DMSO-@/125 MHz,):

dc 21.1, 82.2 (br), 116.6, 116.8, 117.0, 117.4, 11919.2, 120.2 (br), 125.4 (br), 126.8, 131.2, 033.
136.8, 143.9, 144.0, 150.6 (br), 152.2, 159.9,8@3), 167.3 (br) ppm. HRMS (MALDIN/2 Calcd.
for CoH1sBFN,Os [M—F]* 417.10526; Found 417.10564.

2.2.4. General procedure for the synthesis of ppehyl-1,3,2°-oxazaborined

Method A: A flask fitted with a calcium chloride drying tulbeas charged with enaminoba—c

(2 mmol) in anhydrous DCM (20 mL). Afterwards trgtylborane (0.61 g, 2.5 mmol) was added
gradually under stream of argon. The reaction métas stirred for 2—7 days at laboratory
temperature, then the solvent was removed in vadu® crude product was isolated by column

chromatography of the residue followed by furtherification.

Method B: the procedure is the same as in the Method A, iphiedylborinic acid (0.91 g, 5 mmol)

was added instead of triphenylborane.
The following compounds were prepared using thevedmentioned methodologies:

4,6-Dimethyl-3-(2-oxo0-2H-chromen-6-yl)-2,2-diphefiy8,24*-oxazaborine 7a). Prepared fronsa
usingMethod A, reaction time 7 days; column chromatographyogitiel, DCM); product
precipitated upon extracting the residue from th®@matography with boiling ethanol. Yield: 0.58 g
(69 %) of white solid, m.p.: 163.5-164.5 “€. NMR (CDCL/400 MHz):5, 1.98 (3H, s), 2.09 (3H,

s), 5.45 (1H, s), 6.34 (1H, d= 9.5 Hz), 6.85 (1H, d] = 2.3 Hz), 6.93 (1H, dd = 8.8 Hz, 2.5 Hz),
7.05 (1H, dJ = 8.5 Hz), 7.15 (6H, br s), 7.25-7.31 (4H, m),07(&H, d,J = 9.5 Hz) ppm**C NMR
(CDCly/100 MHz,):6¢ 22.3, 23.7, 100.3, 117.2, 117.4, 118.7, 125.9,8,267.0, 130.5, 133.6, 139.4,
142.9, 152.4, 160.5, 169.4, 179.7 ppm. Anal. GalcC,¢H,,.BNOs: C, 76.68; H, 5.44; N, 3.44.
Found: C, 76.52; H, 5.48; N, 3.72.

Crystallographic data fofa: CyeH.BNOs, M = 407.26, monoclinid? 21/, a=12.1011(9)b =
11.6340(7)¢ = 15.8901(8) Ap = 108.900(5) °, Z = 4, V = 2116.5(2) AD, = 1.278 g.cii, p = 0.082
7



MM™, Trmin/ Tmax= 0.981/0.989; -15 h< 15, -13< k< 15, -19< | < 20; 23028 reflections measured
(Bmax = 27.50 °), 4805 independent{R 0.0553), 3315 with> 2(l), 280 parameter§=1.129,

R1(obs. data) = 0.062&RZall data) = 0.1237; max., min. residual electrengity = 0.332, -0.345
ed,

4-Methyl-3-(2-0x0-2H-chromen-6-yl)-2,2,6-tripheriyB, 2*-oxazaborine 7b). Prepared fronsb
usingMethod B, reaction time 5 days; column chromatographydgigel, DCM); DCM was added to
the residue from the chromatography and the salwtias extracted with saturated aqueous solution of
NaHCG;. Organic layer was dried over D, and evaporated; the product precipitated from the
residue upon extraction with boiling cyclohexanely: 1.64 g (70 %) of yellow solid, m.p.: 118-119
°C.'H NMR (CDCk/400 MHZz):8y; 2.13 (3H, s), 6.16 (1H, s), 6.35 (1H,Jd; 9.6 Hz), 6.93 (1H, d]

= 2.5Hz), 7.01 (1H, dd,= 8.8 Hz, 2.5 Hz), 7.08 (1H, d,= 8.8 Hz), 7.13-7.17 (6H, m), 7.34-7.44
(7H, m), 7.47-7.51 (1H, m), 7.92—7.94 (2H, m) ppi@; NMR (CDCL/100 MHz,):8¢ 27.1, 97.3,
117.3,117.5,118.7, 125.8, 126.5, 127.0, 127.8,81230.5, 132.3, 133.7, 134.3, 139.6, 142.9,4,52.
160.5, 170.0, 172.9 ppm. Anal. Calc. foul:,BNOs: C, 79.33; H, 5.15; N, 2.98. Found: C, 79.61; H,
5.42; N, 2.72.

4,6-Diethyl-3-(2-ox0-2H-chromen-6-yl)-2,2-dipheryB, 2*-oxazaborine 7c). Prepared fronsc
usingMethod A, reaction time 6 days; column chromatographyogitiel, DCM); product
precipitated after standing overnight with cycloles; recrystallization from methanol. Yield: 0.45 g
(56 %) of white solid, m.p.: 134-134.5 °Kethod B gave 14% yield after 2 days using column
chromatography (silica gel, DCM) and recrystalliaattrom methanol’H NMR (CDCkL/400 MHz):
dn 1.11 (3H, tJ=7.5Hz), 1.16 (3H, t)= 7.5 Hz), 2.26 (2H, g1 = 7.6 Hz), 2.34 (2H, q] = 7.5 Hz),
5.48 (1H, s), 6.34 (1H, d,= 9.6 Hz), 6.86 (1H, d] = 2.4 Hz), 6.93 (1H, dd,= 8.8 Hz, 2.4 Hz), 7.03
(1H, d,J= 8.8 Hz), 7.11-7.18 (6H, m), 7.24-7.31 (4H, m}17(1H, d,J = 9.6 Hz) ppm;°C NMR
(CDCl/2100 MHz,):6¢ 10.7, 12.5, 28.0, 30.4, 96.7, 117.1, 117.4, 11¥6,0, 126.4, 127.0, 130.7,
133.6, 139.1, 142.9, 152.3, 160.5, 174.2, 184.1. gpmal. Calc. for GgH,BNOs: C, 77.25; H, 6.02;
N, 3.22. Found: C, 76.97; H, 5.98; N, 3.10.

3. Results and discussion
3.1.Synthesis

Starting3-enaminone$ were prepared employing the condensation of 6-acoumarin3 (prepared
from coumarinl via nitration and subsequent reduction of the fdré-nitrocoumarir2) with
appropriatg3-dicarbonyl compoundéa—d according to the Scheme 1. Enaminoketd&aeswere
prepared using the standard methodology undercatédysis with azeotropic removal of the reaction
water. The regioselective reaction in the caseeazbylacetone (synthesis%if) can be ascribed by
the well-known difference in the reactivity of aanid benzoyl groups. Ethyl acetoacetdt €an

react either on its ester or ketone carbonyl gtoygrovide in principle three products: enaminogeste

oxoamide and enaminoamide. Upon changing the oractinditions we were able to affect the
8



composition of the reaction mixture. When perforgnihe reaction in large excess4af, only the
enaminoestebewas isolated (Method A). On the other hand, usliregsimilar conditions as in the

cases of the preparationsd—c(Method B), the enaminoamidiel was the major product (Scheme 1).

O HN 7 X NH O

Method A
4a
AN 0 0 Aokt
o= oyoy® A W 5¢ 750
t
O HN 7 ad
0,
75 % 5b 0.0 Method B M
NS
4c 0 HN@ S5e OEt
520 ~ AN 16 %
5c +

H
5d 36 %

Reaction conditions: a) toluene, PTSA, azeotropic removal of water; b) cat. AcOH, rt; c)
AcOH, toluene, azeotropic removal of water.

Scheme 1The synthesis of the starting enaminones.

The classic synthesis of borAminoenolates is the reaction [®fenaminones with the appropriate
compounds of trivalent boron. 2,2-Difluoro-1,3,2aaaborine$a—dwere prepared by the reaction of
enaminone$a—cand enaminoamided with boron trifluoride ethyl etherate in refluxing
dichloromethane under basic conditions (Schemg&igjilarly, their 2,2-diphenyl analogu@&a—c were
obtained upon treatment enaminobascwith triphenylborane or triphenylborinic acid abbratory
temperature (Scheme 2). Only a mixture of prodwets obtained in the reaction of enaminoeSeer
with both BF [CELO and PEBOH or PhB.

0_0O
fer LT
DCM, Et3N O°N7% Z
|

BF3EGO  RONR,
reflux 12-96 h 6a-d
65-85 %
5a-d
0._0
- SOl
Ph3B or Ph,BOH ~ O N%
Ri7TNMTR,
DCM, rt
2-7 days 7a-c
6a: Ry = R, =Me >6-70 %
6b: R; = Ph, R, = M
1=, R =Te 7a: R, = R, =Me

6¢C: R1 = R2 = Et
6d: R; = NH-coumarin-6-yl,
R, = Me

7b: Ry = Ph, R, = Me
7c: R1 = R2 = Et



Scheme 2The synthesis of target 1,3,2-oxazaboridesd?.
3.2.The absorption spectra

The absorption spectra of all the studied compoimds4-dioxane (DO) are composed of one broad
band with a maximum in the region 308—380 nm attiteiof another one with a maximusd(and

6b, d) or of a shouldery, 64, ¢) in the region 250-290 nm. The spectra of the enmgs7 possess
another broad band at 271 nm. From the chemiaadtsire of the studied compounds and their
absorption spectra, it is evident that alkyl sRg &) has practically no (compounés, c and7a, ¢)

or only a small effect (compoun8s, c) on the position of the absorption maximum in @io&.The
replacement of the alkyl,Ry the phenyl group (compoun8, 6b, 7b) causes a considerable
bathochromic shift (Fig. 2, Fig. 3 left, Table The transition from compoundsto 6 results in a slight
hypsochromic shift (1-12 nm). The substitutionted tluorine atoms by phenyl grous—+£7) results

in a bathochromic shift of 31-36 nm (Fig. 2, righd Fig. 3, left). Compounisk exhibits a
bathochromic shift of 14 nm compareds@and a hypsochromic shift of 33 nm in comparisorhb
(Table 1); a quite analogous relation exists betwézeb and6d (Fig. 2 right). The compoundsl and

6d may consist from two, more or less conjugatednacoumarin chromophores ( Fig. 3 right).
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Fig. 2. The absorption spectra 6&—c,e(left) and6a—d (right) in 1,4-dioxane.
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Fig. 3. The absorption spectra 6d—c(left) and5d and6d in 1,4-dioxane

Table 1

Optical properties of the prepared compounds

Comp Aamaxy [NM] M (maxfAph(max) Ae(powder
(77 K) [nm] [nm]

DO e[10° mol™  2-MTHF 2-MTHF
dn?® cmY

5a 30€ 25.2¢ 30¢ 437/462,500,53 44€

5b 35¢ 30.8i 35t 42¢ 420,463,48(

5¢ 317 21.4; 31¢ 435/489,51- 43t

5d 32z 69.1¢ 317 455/53¢ 517

5€ 29¢ 38.5¢ 29¢ 441 -

6a 307 22.8i 307 42€/462,49 39¢

6b 34z 22.8¢ 34% 450* 402

6C 30¢ 26.7¢ 307 42€/463,498,54 427

6d 331 33.6¢ 334 421/479,51. 481*

7a 334/27:. 11.17/17.7 33¢ 457 55z

7b 377127 15.34/33.2 377 50z 527*

7cC 339/27° 10.87/14.8 33¢ 450* 484*

* denotes a very weak emiss

3.3.The luminescence spectra

With the exception of compouridi (Ar = 470 nm in dioxane), the studied compounds do not
fluoresce in a solution at room temperature. Howane2-methyltetrahydrofuran (2-MTHF)

at 77 K all the investigated compounds exhibit naréess strong fluorescence. Furthermore,
a dual luminescence for some compounds of thesseead6 was detected. The used
spectrophotometer LS55 makes possible to sepatateimescence with a lifetime shorter
than 1 s (i.e. fluorescence) from a luminescence witifegine longer than 18s (i.e.
phosphorescence). The broadband with the maximuheinegion at 450 nm recorded in the
fluorescence mode corresponds to the fluorescennethe first singletut* state (for

example Fig. 4leftand-Fig-5-left). By theorting in the phosphorescence mode, a
bathochromaticlly shifted luminescence exhibitngibronic structure was detected (Fig. 4
left and Fig. 5 right). The phosphorescence sp&ftsame compoundsand6, exceptingsd,
show very similar phosphorescence spectra (Figght). On the contrary the structureGuf
consists of two coumarin units and, probably, tfoees its phosphorescence spectrum is

bathochromically shifted. Very similar absorptiamddluorescence band shapes, maxima and

11



character of phosphorescence spectra of compduadd6 give evidence that chromophoric

system is formed by coumarin moiety.

The compounds of typgshow only a broad fluorescence band in 2-MTHF7aK{Fig. 5,
right-left). The longest absorption band in thisesein DO at room temperature, in
comparison with the compoun8sand6, is bathochromically shifted by about 30—36 nmisTh
could indicate a reordering of the singtet* and triplet nmt* states; it means that for the series
of the compoundg, the triplet it has a higher-exeitation energy than the singtétand

does not apply in the deactivation cascade; cordgareompound§, less probable
intersystem crossing for compounds 7 caused bynabs# fluorine atoms may be considered,
too. All the studied compounds in a powder-statexsimore or less intense broadband
luminescence (Figs. 6, 7) with a maximum in theae@00-480 nm5, 6) and at 553 and 527
nm (7a, b). Significantly, the compoundsa, 6a, and7a exhibit medium to strong fluorescence
emission, while the compouréal exhibit the lowest fluorescence intensity of thésies

(Figs.6, 7). The compounds,d, and6b,c show a relatively high fluorescence, however the
compound$b, 6d, 7b show very weak fluorescence (Fig. 6, 7). The compde does not

exhibit any fluorescence in a solid state.

500 Joo
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100 =
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Fig. 4. The fluorescence and phosphorescence spedba(left) and6éd (right) in 2-MTHF at 77 K
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Fig. 8. The fluorescence spectra@ij (left) and7b (right) in a solid (SS) and in an aggregated state

(THF/water solution)

The finding that some boron iminoenolates have agukto be promising substrates for receiving
AIE/AIEE (aggregation-induced emission/aggregaiinthiced emission enhancement) properties [36]
encouraged us to perform an introductory studébected representativés and7b. These
compounds do not exhibit fluorescence in THF, haweafter the admixing of their THF solutions

with water (fw 90 %), a white turbidity and simuitously a fluorescence start to appear (Figs).8, 9

Fig. 9.10m solutions of compoundgb (left) and7b (right) without (top) and under UVA(= 360 nm)
light (bottom): & — THF,b — 50 % (v/v) water/THF; — 99 % (v/v) water/THF).

The fluorescence intensity becomes stronger whed TisiF/water mixture with fw of 99 %. For
compoundrb, no significant changes were observed in the shaggosition of spectra in the
aggregated state when compared with the solid spatetrum, but a bathochromic shift of the
fluorescence maxima, primarily in fw of 99 % wasad¢ed for compoun6éb.
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These changes in fluorescence properties in depeadms water content are documented by the
photographs (Fig. 9). All the above-mentioned rssinldicate that compounéb and7b are

AIE/AIEE active molecules.
3.4.NMR Study

It should be noted that difluoroboron iminoenolaes studied by means BF NMR relatively often.
The interpretations of these data are, howevergtioras questionable. A signal consisting of four
1:1:1:1 lines is sometimes interpreted as two bilbtets meaning two non-equivalent fluorines split
by boron. Similarly, the presence of two 1:1 limesccasionally explained as one 1:1 doublet meganin
two equivalent fluorines split by boron. Due to 8pn number of boron-11 € 3/2), one boron atom
splits each neighbouring fluorine into four 1:1:firfes [via'J(*'B—"°F)] although distortion of the
signals due to the relaxation phenomena or abs#ribe splitting due to a broadening of the signsils
possible. In the case of the non-equivalence ofitieeines, an additional splitting into doubletncbe
observed (due to the gemir@—"°F coupling). Thus the above-mentioned presencewff:1:1:1

lines could be most commonly interpreted as twavedgent fluorines split by boron-11 coupling
(assuming that all the line distances are equalh T:1 lines can be understood as two non-equivalen
fluorines where splitting is not observed owinghe broadening of the signals (due to either dynami
of a molecule or the quadrupolar effect of borosame other reasons). The whole situation can be
more complicated if an observable isotopic shifirssent and the splitting of the fluorines by Imet®

(I = 3) into seven lines appears in the spectrumicBasts about boron NMR were published e.g.
several decades ago in ref. [54] Representativetrspr both the asymmetric and symmetric case are

shown in ref. [29]

Fluorine-19 NMR spectra of compoungis,bin CDCk consist of two broad signals of identical
intensity revealing the presence of two non-eqeivefluorine atoms (see Supporting Info, Figs. S35,
37). That indicates the lack of symmetry caused hgn-planarity of the molecules. In principle
(according to the above-mentioned paragraph) tiwifie signals should be split into doublets via
geminal coupling with neighbouring fluorine. Eaatel of the doublet should be split into another
1:1:1:1 multiplet via one-bond coupling wittB (under the assumption of neglecting &-"°F
coupling). The absence of the splitting can bebatted to a molecular dynamics causing considerable
broadening of the signals. This assumption wasatgg by the fact that in other solvents (acetone,
acetonitrile) only one broad signal appeared. Tyrauhics of6b was studied by means GF VT-

NMR study in CRCN (Figs. 10, S46). At the laboratory temperat@@3(K) the spectrum consists of
a broad singlet. Upon gradual cooling-down the dantpe appearance of the spectrum changes. At
283 K it reaches the coalescence point below wifietfluorine atoms are further non-equivalent. At
263 K the spectrum can be described as a broadystBra where only geminal coupling between
neighbouring fluorines is observable. Upon coolitogvn the sample to 238 K, each fluorine signal is
split into eight lines. This can be interpretectiyy manifestation of botliF-"°F (with 2J(*°F °F)
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about 95 Hz) anfF-'B coupling (with'J(**F,*'B) about 14 Hz). The shoulders at the left edgief
signals are probably due to tHB isotopomer. On the other hand, heating the sanagidts in the
sharpening the signal which is at 333 K sufficiemt'*F—"'B coupling to be observed (splitting into
approximately 1:1:1:1 multiplet withl(**F,''B) about 14 Hz). For the analysis of the splittisgs
Figures 11 and S47. At the temperature interval-338 K the molecule db thus changes from
asymmetrical case to symmetrical (Figure 10). Mixamples of both asymmetric and symmetric
boron iminoenolates described Gardinier et al. [28e the dynamic behaviour was not observed,

each molecule represented either the symmetriceoasymmetric case.

]L 333K |6
i 293K |5
JL 283K |4
A 278K [,
M 263K [2
M 238K |1
-:I.ZIS.S \ -13|0.S ' -13'1.5 ’ -13'2.5 I -13I3.5 ' -l3l4.5 ’ -13I5.5 I -13‘6.5 I -13'7.5 K -13]8.5 I -13IQ.5 I

1 (ppm)

Fig. 10.*°F VT-NMR study of the compourgb in acetonitrile-d3.
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Fig. 11.Left part: analysis ofF NMR spectrum o6b in CD;CN at various temperatures. Right part:

B NMR spectrum oBb in CD;CN at various temperatures.

Unlike 6a,bthe spectrum odcin CDCl;(Fig. S39) consists of two broad doublets wiita 95 Hz.
This can be accounted for the geminal coupling betwtwo non-equivalent fluorines. Due to the
broadening of the signals the considerably smhatheon-fluorine coupling is not observable under the

conditions of the measurement.

The values of the fluorine chemical shifts (Tabldi in the range common for these compounds [29,
39, 55-57] (approx. -130 — -140 ppm). Slightly lowalues (about -122 — -124 ppm) described Xia et
al. [32] for difluoroboron chelates of some hetgic enaminoketones. No significant isotopic shift

due to'°B were observed.

Boron signal if'B NMR spectra of compound®—cin CDCl is split into triplet with'J(*'B,**F)

about 14 Hz. The appearance of the signal is uctefieby temperature. The equivalence of both the
boron-fluorine coupling constants is probably dwerly a slight difference between chemical
environments of both the fluorines which is refégttlso by a small difference in their chemicaltshi
(AS ~ 1 ppm at 238 K in CEEN). This is also supported by the fact thit'B,'F) for 6a—care
comparable with those described in [29] for syminatases (about 15 Hz). Compared to B(OMe)

the signals of compoundsare upfielded which is typical for four-coordinditeron compounds [54,
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58]. Values of the chemical shifts range aroundzemilarly to the values described for other
difluoroboron iminoenolates [13, 29, 33, 56] arifluoroborane adducts with four-coordinated

nitrogen [59].

Table 2
B and'F NMR parameters of compoun@sind?
1ilB 19F
6a 0.36, t,"J('B, “F) = 15.2 H. -134.0,-135.6 (2x br s,
6b 0.68,t,"J(*'B, *F) = 14.6 H. -134.5,-136.3 (2x br s
6¢ 0.42,t"J"B, *F) = 15.3 H. -134.0 (d, 95.8 Hz-135.8 (d, 93.3 H.
6d 0.49, br -136.0, br
7a 5.29, br
7b 5.53, br
7c 4.89, br

Measured in CD( with exception of 6d (in DMS-d6).

Compoundsd is insoluble in CDGI Both its™F NMR and"'B NMR spectra in DMSO-d6 at

laboratory temperature consist of one broad sir{gkst Figs. S41,42).

In general!'B NMR signals of BPhfragment are shifted more downfield from thos®B$ fragment
[54]. Values in the rang&= 1.4-5.8 ppm can be extracted for similar O—B-ekéfocycles from the
literature [13, 28, 43-45, 56]. Boron-11 NMR spacif compoundg consist of a broad signal with
chemical shifts at the downfield edge of the rafége 4.9-5.5 ppm). This can be caused e.g. by rather
greater steric compulsion around the boron atora fthenyl groups and coumarinyl fragment)
resulting in a decreasedbonding to the adjacent phenyl rings, and theeelowered shielding of the
central boron atom. It is supported by the fact tbiasimilar O—B—N heterocycles, a change of the
substituent on the nitrogen atom from hydrogen éthyi led to a significant increasingitB shift (

from 1.8-2.5 to 3.7—4.4 ppm) [43, 44]. BB and"°F NMR data of compoundsand7 see Table 2.

A comparison of°C NMR spectra of the parent compousdsith the corresponding and7 reveals

a significant upfield shift for C3 carbon atom (regning according to the ORTEPS) in the boron
heterocycles/6 15.2—-18.3). This suggests that more contributéspmance form of the oxazaborines
is the enol-imino than keto-enamino (Fig. 12, ldft)the cases of compoun@ab and7athe signals

of carbon C2 (and in some instances also C13 a@d/dy are split (see Figure S34 in the Supporting
Info). A possible explanation lies in a long-ramgeipling of the carbons with boron-11. To the best
of our knowledge, such observations are relative (@ue to the quadrupole character of boron and
resulting broadening the lines), for other examphlasrefs. [60, 61] The atypical shape of the
multiplets could be explained according to ref][6® the other hand, the splitting of the ipso caib
(C15, C21) [which should be split into 1:1:1:1 cearia’J(*'B—C)] has never been observed.

Generally, the signals of the carbons were veradbiand missed from the spectra (only in the case of
18



7b a very broad signal with~ 147 ppm was found after applying the exponemtintiow function
with large line-broadening factor).

R
N

R~ R 5 R
o BnRa +oBNRa

| -~ |
RS, R g,

1
Fig. 12.Possible resonance forms of oxazaborines.

In the proton spectra éfand?, the most striking change is the significant daeldfshift of the
olefinic proton H2 in comparison with compouriisCompound$ possesas = 0.32—0.35 ppm, the
shift for compoundg is lower (A6 = 0.2 ppm). This behaviour is typical for this &iof compounds

(see e.g. refs. [32, 55] It is probably relateth® vicinity of the positively charged nitrogen.
3.5.Crystallography

Structures o6b (Fig. 13) and’a (Fig. 14) are composed of the difluoro or dipheoybn fragment and
anisobidentately bound ketiminate ligand. A bol-iconformation of the central ligand core is found
for 7awith the deviation of 0.179(2)A for C2 and 0.62¥(Zor B1 atoms from the plane defined by
the N1, C1, C3 and O1 atoms. On the other hang,tbaldeviation of the boron atom of 0.307(2)A
from the plane defined by all five core atoms @ kigand forming thus an envelope conformation is
found for6b. The reason is a lower steric hindrance or eleaensity on the boron atom @b.

Another difference between both the compounds,ezhpsobably by a deformation of the central

iminoenolate skeleton, is a tilting of the coumatirg in 7a producing a lack of C(=0)O stacking. On

the other hand, this stacking can be foun@lin

Fig. 13.The molecular structure (ORTEP 50% probabilityel@wf 6b. Selected interatomic distances
[A] and angles [°]: 01-B1 1.466(2), B1-N1 1.559(8}1-C1 1.323(2), C1-C2 1.413(3), C2-C3
1.358(3), 01-C3 1.325(2), N1-C4 1.449(2), 0O2—-C71(3), O2—C8 1.377(2), O3—-C8 1.207(2); F1-
B1-F2 109.89(16), C3—01-B1 122.48(15), O1-B1-N13MAa5), C1-N1-B1 121.26(15), C7-02—
C8 121.94(15), 02-C8-03 116.40(19).
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Fig. 14.The molecular structure (ORTEP 50% probabilityel¢wf 7a. Selected interatomic distances
[A] and angles [?]: 01-B1 1.519(3), B1-N1 1.594(8}-C1 1.325(3), C1-C2 1.415(3), C2-C3
1.359(4), 01-C3 1.313(3), N1-C4 1.438(3), 02-CB1(3), 02—C8 1.382(3), 0O3-C8 1.208(3); C15-
B1-C21 113.72(18), C3—-01-B1 116.38(17), O1-B1-NA14(16), C1-N1-B1 117.05(18), C7-02—
C8 121.6(2), 02—C8-03 116.5(3).

Upon comparison of the relevant bond lengths ofmmds6b and7a with those obtained for keto-

enamine arrangement [62] and with standard vak@sfllowing facts can be retrieved:

A considerable shortening the C2—C3 and C1-N1 bardgell as lengthening the C1-C2 and C3-01

bonds.

The C2—-C3 and C3-01 bond lengths are close to tepseted for C=C—O of enols (1.362 A and
1.333 A resp.).

The O-B bond length is significantly shorter thiae N-B one.

With a respect to the above-mentioned as well fasr @ingles and distances characteristic for boron
iminoenolate complexes, it can be stated thatt@kectron density/a multiple bond character is
localized mainly between C1-N1 and C2-C3 atomé®figgand respectively which means greater
contribution of enol-imino form against keto-enamiBoth the structures are similar to already
reported structures of boron diphenyl [43] or difio [29, 32, 34, 55, 64—66] iminoenolate complexes.

The conclusions are thus analogous to those matteedsasis ofH and™*C NMR in solution yide

supra.
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4. Conclusions

The aim of the work was to combine two known lunginores: coumarin and boron iminoenolate and
investigate whether the combination would led tmféscent molecules. Seven novel bdion
iminoenolates, substituted with fluoride or phegydup on the boron atom and coumarin-6-yl
fragment on the nitrogen, were prepared upon megtiie corresponding enamines with compounds
of trivalent boron (boron trifluoride diethyl etlate, triphenyl borane or diphenylborinic acid). The
compounds prepared were characterized by meanB,dfF, °*C and'H NMR spectroscopy in
solution, single-crystal X-ray diffraction and UMA/spectroscopy?F VT-NMR study of the selected
substrate in the range 238-333 K revealed chemcdlange between the fluorines with the
coalescence point about 283 K. The preliminaryrsoence study revealed that all the studied
compounds (both the startiBgenaminones and the corresponding boron iminoezs)lahow more or
less intense broad band luminescence in powderwitit a maximum depending on the substitution
on the boron atom. With the exception of compobddhe studied compounds do not fluoresce in
solution at room temperature. On the other hahdhalinvestigated compounds exhibit more or less
strong fluorescence in a frozen 2-methyltetrahyahand at 77 K. Tests performed for compou6his
and7b also revealed that these compounds are AlE/AlEed-rom the above mentioned it follows
that coumarin-6-yl-containing boron iminoenolatesved to be interesting luminophores. For
understanding the relations structure — photophysitaracteristics — UV/Vis spectra of the studied
compounds, a detailed investigation of the lumiease characteristics including quantum yields and
a quantum chemical study of the characteristidch@®xcited states is now in progress in our

laboratory.
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Appendix A. Supplementary material

CCDC 1050226 and 1050227 contain the supplemeatgsyallographic data fdgb and7a,
respectively. Copies of this information may beaited free of charge from the Cambridge
Crystallographic Data Centre via The Director, CCRZ Union Road, Cambridge CB2 1EY, UK

(fax: +44-1223-336033; e-mail: deposit@ccdc.carakaor www: http:// www.ccdc.cam.ac.uk).

Additional experimental procedures as well as cpfeNMR spectra are presented in the Supporting
Information file.

References

[1] D. Li, H. Zhang, Y. Wang, Chem. Soc. Rev. 4R13) 8416-8433. doi:10.1039/C3CS60170F.
21



[2] S. Mukherjee, P. Thilagar, Dyes and Pigmen (PD14) 2-27.
doi:http://dx.doi.org/10.1016/|.dyepig.2014.05.031.

[3] L. Torsi, M. Magliulo, K. Manoli, G. Palazzo,if@m. Soc. Rev. 42 (2013) 8612-8628.
doi:10.1039/c3cs60127g.

[4] L. Yuan, W. Lin, K. Zheng, L. He, W. Huang, GheSoc. Rev. 42 (2013) 622-661.
doi:10.1039/C2CS35313J.

[5] N. Boens, V. Leen, W. Dehaen, Chem. Soc. R&y2412) 1130-1172. doi:10.1039/c1cs15132k.

[6] V.F. Traven, A.V. Manaev, A.Y. Bochkov, T.A. @lisova, I.V. Ivanov, Russ. Chem. Bull. 61
(2012) 1342-1362. d0i:10.1007/s11172-012-0179-2.

[7] J.R. Lakowicz, Principles of Fluorescence Spmsttopy, 3rd ed., Springer, Berlin, 2006.
[8] N. Aratani, D. Kim, A. Osuka, Acc. Chem. Re&. (2009) 1922-1934. d0i:10.1021/ar9001697.

[9] T. Goslinski, J. Piskorz, J. Photochem. Phaibiif 12 (2011) 304-321.
doi:10.1016/j.jphotochemrev.2011.09.005.

[10] K. Mariappan, A.G. Sykes, J. Incl. Phenom. kbagcl. Chem. 75 (2013) 23-30.
doi:10.1007/s10847-012-0226-5.

[11] K.A. Nielsen, E. Levillain, V.M. Lynch, J.L.&3sler, J.O. Jeppesen, Chem. Eur. J. 15 (2009)
506-516. doi:10.1002/chem.200801636.

[12] M. Beija, C.A.M. Afonso, J.M.G. Martinho, CherSoc. Rev. 38 (2009) 2410-2433.
doi:10.1039/b901612k.

[13] D. Frath, S. Azizi, G. Ulrich, P. RetailleaR, Ziessel, Org. Lett. 13 (2011) 3414-3417.
doi:10.1021/012011665.

[14] D. Frath, S. Azizi, G. Ulrich, R. Ziessel, Oileett. 14 (2012) 4774—-4777. doi:10.1021/013020573.

[15] D. Frath, J. Massue, G. Ulrich, R. Ziesselgdw. Chem. Int. Ed. 53 (2014) 2290-2310.
doi:10.1002/anie.201305554.

[16] D. Frath, A. Poirel, G. Ulrich, A. De Nicol®. Ziessel, Chem. Commun. 49 (2013) 4908-4910.
doi:10.1039/C3CC41555D.

[17] A.V. Nyuchev, K.V. Schegravin, M.A. Lopatin, V. Fokin, |.P. Beletskaya, A.Y. Fedorov,
Synthesis 46 (2014) 3239-3248. doi:10.1055/s-0(&2020.

[18] N. Boens, V. Leen, W. Dehaen, Chem. Soc. R&y2012) 1130-1172. doi:10.1039/c1cs15132k.
[19] S.G. Awuah, Y. You, RSC Advances 2 (2012) 19151183. doi:10.1039/c2ra21404k.

[20] A.C. Benniston, G. Copley, Phys. Chem. ChehysP11 (2009) 4124-4131.
doi:10.1039/b901383K.

[21] Y. Jeong, J. Yoon, Inorg. Chim. Acta 381 (2P2214. doi:10.1016/j.ica.2011.09.011.

[22] A. Kamkaew, S.H. Lim, H.B. Lee, L.V. Kiew, L.XChung, K. Burgess, Chem. Soc. Rev. 42
(2013) 77-88. doi:10.1039/c2cs35216h.

22



[23] H.N. Kim, W.X. Ren, J.S. Kim, J. Yoon, ChemacS Rev. 41 (2012) 3210-3244.
d0i:10.1039/c1cs15245a.

[24] A.B. Nepomnyashchii, A.J. Bard, Acc. Chem. R&s(2012) 1844-1853.
doi:10.1021/ar200278b.

[25] M. Vendrell, D. Zhai, J.C. Er, Y. Chang, CheRev. 112 (2012) 4391-4420.
doi:10.1021/cr200355j.

[26] R. Ziessel, G. Ulrich, A. Harriman, New J. @he31 (2007) 496-501. doi:10.1039/B617972J.
[27] Y. Kubota, H. Hara, S. Tanaka, K. Funabiki, Matsui, Org. Lett. 13 (2011) 6544—-6547.

[28] F. Josefik, M. Svobodova, V. Bertolasi, P. 8imk, V. Machacek, N. Almonasy, E. Cernoskova,
J. Organomet. Chem. 699 (2012) 75-81. doi:10.10d&fanchem.2011.11.004.

[29] F.P. Macedo, C. Gwengo, S.V. Lindeman, M.Dit8m).R. Gardinier, Eur. J. Inorg. Chem.
(2008) 3200—-3211. doi:10.1002/ejic.200800243.

[30] T. Matsumura, Y. Koyama, S. Uchida, M. Yonekaw. Yui, O. Ishitani, T. Takata, Polym. J. 46
(2014) 609-616. d0i:10.1038/pj.2014.31.

[31] N. Tolle, U. Dunkel, L. Oehninger, I. Ott, Preu, T. Haase, S. Behrends, P.G. Jones, F. Totzke,
C. Schaechtele, M.H.G. Kubbutat, C. Kunick, Synighé2011) 2848-2858. doi:10.1055/s-0030-
1260165.

[32] M. Xia, B. Wu, G. Xiang, J. Fluorine Chem. 1Z808) 402-408.
doi:http://dx.doi.org/10.1016/j.jfluchem.2008.01901

[33] R. Yoshii, A. Nagai, K. Tanaka, Y. Chujo, CheBur. J. 19 (2013) 4506—4512.
doi:10.1002/chem.201203703.

[34] K. Zyabrev, M. Dekhtyar, Y. Vlasenko, A. Chega, Y. Slominskii, A. Tolmachev, Dyes Pigm.
92 (2012) 749-757. doi:http://dx.doi.org/10.10/gpig.2011.05.025.

[35] X. Jiang, X. Liu, Y. Jiang, Y. Quan, Y. Chern@, Zhu, Macromol. Chem. Phys. 215 (2014) 358—
364. doi:10.1002/macp.201300569.

[36] R. Yoshii, A. Nagai, K. Tanaka, Y. Chujo, Maanol. Rapid Commun. 35 (2014) 1315-13109.
doi:10.1002/marc.201400198.

[37] R. Yoshii, K. Tanaka, Y. Chujo, Macromolecuks (2014) 2268-2278. doi:10.1021/ma500082e.

[38] H.S. Kumbhar, B.L. Gadilohar, G.S. Shankarli8gectrochim Acta A 146 (2015) 80-87.
doi:http://dx.doi.org/10.1016/j.saa.2015.03.044.

[39] Y. Kubota, S. Tanaka, K. Funabiki, M. MatsQi,g. Lett. 14 (2012) 4682—4685.

[40] I. Bally, E. Ciornei, A. Vasilescu, A.T. Balah, Tetrahedron 29 (1973) 3185-3187.
doi:10.1016/S0040-4020(01)93464-7.

[41] M. Rodriguez, G. Ramos-Ortiz, M.I. Alcala-Sald.L. Maldonado, K.A. Lépez-Varela, Y.
Lépez, O. Dominguez, M.A. Meneses-Nava, O. Barligaezia, R. Santillan, N. Farfan, Dyes Pigm.
87 (2010) 76—83. doi:http://dx.doi.org/10.1016/pdig.2010.02.007.

23



[42] Y.P. Singh, P. Rupani, A. Singh, A.K. Rai, RNIehrotra, R.D. Rogers, J.L. Atwood, Inorg.
Chem. 25 (1986) 3076—3081. doi:10.1021/ic00237a030.

[43] M. Peskova, P. Simunek, V. Bertolasi, V. Magtlg A. Lycka, Organometallics 25 (2006) 2025—
2030. doi:10.1021/o0m051078x.

[44] M. Svobodova, J. Barta, P. Simunek, V. Bedpl®. Machacek, J. Organomet. Chem. 694
(2009) 63—71. d0i:10.1016/j.jorganchem.2008.10.004.

[45] M. Svobodova, P. Simunek, V. Machacek, L. Btava, A. Ruzicka, Tetrahedron 68 (2012)
2052-2060. doi:10.1016/j.tet.2011.12.082.

[46] Berger S., Braun S., Kalinowski H.-O., NMR $pescopy of the Non-Metallic Elements, John
Wiley and Sons, Chichester, 1997, pp. 400.

[47] J. D. Kennedy in Multinuclear NMR (J. Mason)edlenum Press, New York (1987), pp. 222.

[48] Z. Otwinowski, W. Minor, Macromolecular Cryéitagraphy, Pt a 276 (1997) 307-326.
doi:10.1016/S0076-6879(97)76066-X.

[49] P. Coppens, in: F.R. Ahmed, S.R. Hall, C.Pbéty (Eds.), Crystallographic Computing,
Munksgaard, Copenhagen, 1970, pp. 255-270.

[50] A. Altomare, G. Cascarano, C. Giacovazzo, Aa@iardi, J. Appl. Crystal. 27 (1994) 1045—
1050. doi:10.1107/S002188989400422X.

[51] G.M. Sheldrick, SHELXL-97, University of Gottjen (2008).

[52] R. Ma, Q. Yao, X. Yang, M. Xia, J. Fluorine €&h. 137 (2012) 93-98.
doi:http://dx.doi.org/10.1016/].jfluchem.2012.03600

[53] Z. Yang, B. Jiang, W.-. Hao, P. Zhou, S.-. @uLi, Chem. Commun. 51 (2015) 1267-1270.
[54] G.R. Eaton, J. Chem. Educ. 46 (1969) 547-556.
[55] K. Itoh, K. Okazaki, M. Fujimoto, Aust. J. Gime 56 (2003) 1209-1214. doi:10.1071/CH02158.

[56] A. Esparza-Ruiz, A. Pefia-Hueso, H. N6th, AarEs-Parra, R. Contreras, J. Organomet. Chem.
694 (2009) 3814-3822. doi:http://dx.doi.org/10.1jdganchem.2009.07.029.

[57] Y. Kubota, Y. Sakuma, K. Funabiki, M. Matsdi,Phys. Chem. A 118 (2014) 8717-8729.
doi:10.1021/jp506680g.

[58] J.D. Kennedy in: J. Mason, (Ed.), Multinucl&vIR, Plenum Press, New York, 1987, pp. 221—
225.

[59] H. Noeth, B. Wrackmeyer, NMR Basic Principbe®sd Progress, Vol. 14: Nuclear Magnetic
Resonance Spectroscopy of Boron Compounds, Sprihg§é8, pp. 461.

[60] D. Axelson, A. Oliver, C. Holloway, Org. MagReson. 5 (1973) 255-256.
doi:10.1002/mrc.1270050514.

[61] W. Layton, K. Niedenzu, S. Smith, Z. Anorg.lgd¢meine Chem. 495 (1982) 52—-64.
doi:10.1002/zaac.19824950106.

24



[62] Da Silva, Manuel A. V. Ribeiro, Da Silva, MarD. M. C. Ribeiro, J.P.A. Paiva, |.M.C.S.
Nogueira, A.M. Damas, J.V. Berkley, M.M. Harding,MAkello, G. Pilcher, J. Chem. Soc. , Perkin
Trans. 2 (1993) 1765—-1769. doi:10.1039/P29930001765

[63] F.H. Allen, O. Kennard, D.G. Watson, L. Brammn&.G. Orpen, R. Taylor, J. Chem. Soc. ,
Perkin Trans. 2 (1987) S1-S19. doi:10.1039/P2987050.

[64] A.F. Lugo (nee Gushwa), A.F. Richards, Eutndrg. Chem. (2010) 2025-2035.
doi:10.1002/ejic.201000123.

[65] P. Kuo, I. Chen, H.M. Lee, C. Hung, J. Hualmgprg. Chim. Acta 358 (2005) 3761-3767.
doi:http://dx.doi.org/10.1016/j.ica.2005.07.001.

[66] S. Wang, Y. Zhao, C. Zhao, L. Liu, S. Yu, ludfine Chem. 156 (2013) 236-239.
doi:http://dx.doi.org/10.1016/j.jfluchem.2013.09201

25



