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a b s t r a c t

Naphthaldehyde based imine ligands (L1H2 and L2H3) have been designed and synthesized. The coor-
dination of imine ligands with BF2 motif and BPh2 motif lead to the formation of complexes 1e4. Both the
ligands and the boron complexes were characterized by multinuclear NMR spectroscopy and mass
spectrometry. Boron NMR of the complexes revealed that the boron atom is in tetracoordinate envi-
ronment. The optical properties of the complexes and the ligands in solution suggest that borylation
enhanced the quantum yields of the ligands. The electrochemical studies indicated that diboron com-
plexes (1 & 3) and triboron complexes (2 & 4) exhibit two and three separate reduction waves
respectively.

© 2019 Elsevier B.V. All rights reserved.
1. Introduction

Innovative organic luminescent fluorophores [1,2] have attrac-
ted much attention due to their numerable applications in biolog-
ical as well as in optoelectronic devices [3e12]. Incorporation
of main-group elements into the framework of organic fluo-
rophores has provided a new opportunity to tune the optical
properties of the fluorophores. Among the many main-group
incorporated fluorophores, boron-based fluorophores such as
boron-dipyrromethene (BODIPY) [13e16] as well as N∩O [17e28];
N∩N [29e35] and N∩C [36,37] chelates have gained much interest
due to the their attractive photo physical properties. Of these
extended p-conjugated systems, the N∩O chelated boron system
‘boranils’ were derived from the salicylaldimine {aniline-imine
(anil)} ligands [38e43]. The ‘anils’ were known for extremely
complex behavior involving ultrafast excited state intramolecular
proton transfer (ESIPT), torsional dynamics, photochromism, ther-
mochromism, and solvatochromism [44e53].

It has been demonstrated that multiboron compounds not only
increase the electron-accepting capabilities but also enhance the
ccasion of his 60th birthday.

baiah).
fluorescence quantum yields [42,43]. Having this in mind,
recently, we have reported N∩O chelated diboron complexes
(boranils) [54,55] where they show tunable absorption and
emission properties and moderate quantum yields in solution. In
pursuit of new multiboron complexes with improved photo-
physical properties, prompted us to prepare naphthaldimine
based boron complexes. Herein, we describe the synthesis, optical
and electrochemical properties of novel tetra-coordinate di- and
triboron complexes.

2. Experimental

2.1. General procedures

Reagents were used as received unless otherwise noted. THF and
toluene were distilled from Na/benzophenone prior to use. Chlo-
rinated solvents were distilled from CaH2. The starting material 6-
hexyl-2-hydroxy-1-naphthaldehyde was prepared by using litera-
ture reports [56,57]. NMR spectrawere recorded on Bruker 700 and
ARX 400 spectrometers at room temperature. All 1H (700MHz), 13C
(176MHz), 1H (400MHz) and 13C (100MHz) NMR spectra were
referenced internally to solvent signals. 11B NMR spectra were
referenced externally to BF3$OEt2 in CDCl3 (d¼ 0 ppm), and 19F
NMR spectra were referenced to a,a,a-trifluorotoluene (0.05% in
CDCl3; d¼�63.73 ppm). ESI mass spectra were recorded with a
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Bruker microTOF-QII mass spectrometer. The absorbance spectra
were recorded with a PerkineElmer Lambda 750 UV/Visible spec-
trometer. The fluorescence spectra were recorded with a
PerkineElmer LS-55 Fluorescence Spectrometer and corrected for
the instrumental response. Absolute fluorescence quantum yields
in solution and solid state were measured by integrating sphere
method using Edinburgh FS5 spectrofluorometer. Electrochemical
measurements were performed with a conventional three-
electrode cell and an electrochemical workstation (CH Instrument
1100A). The three-electrode system consisted of a glassy carbon
working electrode, a Pt wire as the secondary electrode, and a Ag
wire as the reference electrode. The voltammogramswere recorded
with ca. 1.0� 10�3M solutions in DME containing Bu4N(PF6)
(0.1M) as the supporting electrolyte. The scans were referenced
after the addition of a small amount of ferrocene as the internal
standard. Single crystal X-ray diffraction data were collected on
Bruker APEX-II CCD diffractometer using Mo-Ka radiation
(0.71073 Å). Structure solution by direct methods was achieved
through the use of the SHELXT program, and the structural model
refined by full-matrix least-squares on F2 using SHELXL [58] by
using the Olex2 software. The non-hydrogen atoms were refined
with anisotropic thermal parameters except severely disordered
hexyl moiety. Hydrogen atoms (except for one of the hexyl group)
were placed using idealized geometric positions (with free rotation
for methyl groups), allowed to move in a ‘‘riding model” along with
the atoms to which they were attached, and refined isotropically.
CCDC-1893,211 contain the supplementary crystallographic data
for this paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif. DFT calculations were performed with the
Gaussian09 program. The structures were optimized using 6-31G
(B3LYP) as the basis set. In order to reduce the computation time,
“Hexyl” on the naphthyl was replaced with “Me”. The input files for
1 and 3 were generated using the X-ray data of compound 3,
whereas for 2 and 4 the input files were generated using Gauss-
View. Excitation data were determined using TD-DFT (B3LYP)
calculations.
2.2. General procedure for the synthesis of ligands (L1H2 and L2H3)

The precursor (aldehyde) for the ligands L1H2 and L2H3 i.e., 6-
hexyl-2-hydroxy-1-naphthaldehyde was synthesized by following
the literature reported procedure [56,57]. Ethanol (50mL) was
added to a 250mL round-bottomed flask containing 6-hexyl-2-
hydroxy-1-naphtaldehyde and 1,4-phenylene diamine for L1H2 or
1,3,5-triamino benzene for ligand L2H3 [59]. To the reaction
mixture few drops of glacial acetic acid was added. The resultant
yellow mixture was stirred for overnight at reflux condition. Over
the period of the time the reaction mixture yielded cloudy pre-
cipitates. These precipitates were filtered, washed with cold
methanol and dried under vacuum.
2.2.1. Synthesis of ligand L1H2

The quantities involved are as follows: 6-hexyl-2-hydroxy-1-
naphtaldehyde (1.04 g, 4.07mmol), 1,4-phenylene diamine
(0.20 g,1.85mmol). Colour: Red; Yield: 1.01 g, (93%); mp: 212 �C; 1H
NMR (400MHz, CDCl3): d 15.35 (s, 2H), 9.38 (s, 2H), 8.06 (d,
J¼ 8.0 Hz, 2H), 7.77 (d, J¼ 12.0 Hz, 2H), 7.52 (s, 2H), 7.45 (s, 4H), 7.40
(d, J¼ 8.0 Hz, 2H), 7.10 (d, J¼ 12.0 Hz, 2H), 2.73 (t, J¼ 8.0 Hz, 4H),
1.76e1.63 (m, 4H), 1.35 (m, 13H), 0.90 (t, J¼ 4.0 Hz, 6H); 13C NMR
(101MHz, CDCl3): d 168.43, 155.16, 144.55, 138.45, 136.40, 131.34,
129.54, 128.33, 127.82, 121.83, 121.65, 119.12, 109.32, 35.68, 31.91,
31.55, 29.16, 22.78, 14.26; HR-MS (ESI): calcd. for C40H44N2O2
([MþH]þ): 585.3476, found: 585.3446.
2.2.2. Synthesis of ligand L2H3
The quantities involved are as follows: 6-hexyl-2-hydroxy-1-

naphtaldehyde (2.18 g, 8.5mmol), 1,3,5-tri amino benzene (0.30 g,
2.43mmol). Colour: Brown, Yield: 1.73 g, (85%); mp: 168 �C; 1H
NMR (400MHz, CDCl3) d 15.16 (s, 3H), 9.46 (s, 3H), 8.11 (d,
J¼ 8.0 Hz, 3H), 7.79 (d, J¼ 8.0 Hz, 3H), 7.52 (s, 3H), 7.41 (d,
J¼ 8.0 Hz, 3H), 7.21 (s, 3H), 7.11 (d, J¼ 8.0 Hz, 3H), 2.73 (t, J¼ 8.0 Hz,
6H), 1.75e1.63 (m, 6H), 1.43e1.25 (m, 18H), 0.89 (t, J¼ 8.0 Hz, 9H);
13C NMR (101MHz, CDCl3) d 168.36, 156.63, 148.97, 138.68, 136.86,
131.33, 129.75, 128.31, 127.89, 121.44, 119.35, 110.43, 109.35, 35.67,
31.90, 31.54, 29.16, 22.79, 14.26; HR-MS (ESI): calcd. for C57H63N3O3
([MþNa]þ): 860.4762, found: 860.4767.

2.2.3. Synthesis and characterization of difluoro boron complexes
Tetrahydrofuran (20mL) was added to a 50mL round-bottomed

flask containing ligand (L1H2 or L2H3) and NaH under nitrogen
atmosphere at 0 �C. The reaction mixture was warmed to ambient
temperature and stirred at that temperature for 2 h. The reaction
mixture was then cooled to 0 �C; and BF3$OEt2 was added dropwise
and the mixture was stirred for 24 h. The reaction mixture was
filtered through Celite, and the resultant filtrate was concentrated
to yield a pale yellow solid, which was purified by recrystallization
in diethyl ether.

2.2.4. Complex 1
The quantities involved are as follows: L1H2 (0.20 g, 0.34mmol),

NaH (0.02 g, 0.85mmol), BF3$OEt2 (0.86mL, 6.82mmol). Yield:
0.20 g, (85%); mp: 249 �C; 1H NMR (400MHz, CDCl3): d 9.15 (s, 2H),
8.10 (d, J¼ 12.0 Hz, 2H), 8.01 (d, J¼ 8.0 Hz, 2H), 7.76 (s, 4H), 7.64 (s,
2H), 7.55 (d, J¼ 8.0 Hz, 2H), 7.28 (s, 1H), 7.26 (s, 1H), 2.79 (t,
J¼ 8.0 Hz, 4H), 1.78e1.64 (m, 4H), 1.48e1.23 (m, 12H), 0.91 (t,
J¼ 8.0 Hz, 6H); 13C NMR (176MHz, CDCl3): d 162.88, 158.54, 143.18,
141.81, 140.46, 131.34, 129.73, 128.70, 128.48, 125.24, 120.38, 119.31,
109.02, 35.71, 31.85, 31.45, 29.10, 22.75, 14.24; 11B NMR (128MHz,
CDCl3): d 0.95; 19F NMR (377MHz, CDCl3): d�134.0 (d, J¼ 26.4 Hz) ;
IR (KBr): n ¼ 2926 (m), 2855 (m), 1609 (s), 1557 (s), 1503 (s), 1467
(s), 1409 (s), 1386 (s), 1355 (s), 1309 (s); HR-MS (ESI): calcd. for
C40H42B2F4N2O2 ([MþNa]þ): 703.3274, found: 703.3270.

2.2.5. Complex 2
The quantities involved are as follows: L2H3 (0.30 g,

0.30mmol), NaH (0.03 g, 1.25mmol), BF3$OEt2 (1.35mL,
10.74mmol). Yield: 0.30 g, (85%); mp: 258 �C; 1H NMR (700MHz,
CDCl3): d 9.24 (s, 3H), 8.11 (d, J¼ 9.1 Hz, 3H), 8.03 (d, J¼ 8.5 Hz,
3H), 7.96 (s, 3H), 7.62 (s, 3H), 7.55 (d, J¼ 8.4 Hz, 3H), 7.27 (s, 2H),
7.25 (s, 1H), 2.77 (t, J¼ 4.0 Hz, 6H), 1.74e1.65 (m, 6H), 1.40e1.21 (m,
18H), 0.89 (t, J¼ 8.0 Hz, 9H); 13C NMR (101MHz, CDCl3): d 163.39,
159.31, 144.89, 142.58, 140.66, 131.64, 129.70, 128.66, 128.45,
120.20, 119.59, 119.46, 109.16, 35.67, 31.84, 31.37, 29.09, 22.75,
14.23; 11B NMR (128MHz, CDCl3): d 0.97; 19F NMR (377MHz,
CDCl3): d �133.1 (d, J¼ 22.6 Hz); IR (KBr): n ¼ 2927 (m), 2854 (m),
1614 (s), 1600 (s), 1553 (s), 1466 (s), 1413 (s), 1388 (s), 1355 (s), 1311
(s); HR-MS (ESI): calcd. for C57H60B3N3F6O3 ([MþNa]þ): 1004.4735,
found: 1004.4712.

2.2.6. Synthesis and characterization of diphenyl boron complexes
Ligand (L1H2 or L2H3) was taken in a sealed tube to that tri-

phenylborane was added under nitrogen atmosphere followed by
dry toluene (5mL). The reaction mixture was refluxed for 12 h
under nitrogen atmosphere. The reaction mixture was cooled and
the solvent was evaporated by vacuum distillation leaving behind a
glassy residue. To the resultant residue dry n-hexane (5ml) was
added under nitrogen atmosphere and the mixture was heated
with vigorous stirring for 30min. After cooling to room tempera-
ture, the solvent was decanted off the insoluble precipitate was
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Fig. 1. Ligands used in the present study.

Scheme 1. Synthesis of boron complexes 1e4. (a) NaH, BF3.OEt2, THF (for 1 & 2); (b) B(C6H5)3, toluene (for 3 & 4).

Fig. 2. Comparison of phenolic proton and observable shift in peak position of aromatic protons form the Stacked 1H NMR spectrum of the ligand L1H2 (bottom) and its difluoro
boron complex 1 (top).
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Fig. 3. Solid state structure of the complex 3, hydrogen atoms omitted for the clarity (left); chemdraw structure of complex 3 (right). Selected bond lengths (Å) bond angles (�) are as
follows: B1eN1:1.637(4), B1eO1: 1.494(4), B1eC1: 1.619(5), B1eC7: 1.604(5), B2eN2:1.635(4), B2eO2: 1.493(4), B2eC42: 1.614(5), B2eC36: 1.621(5), O1eB1eN1: 104.0(2),
O1eB1eC7: 106.9(3), O1eB1eC1: 109.9(3), C7eB1eN1: 112.4(2), C1eB1eN1: 107.2(2), C7eB1eC1: 115.7(3), O2eB2eN2: 103.9(3), O2eB2eC42: 106.8(3), O2eB2eC36: 111.0(3),
C42eB2eN2: 112.3(3), C36eB2eN2: 106.8(2), C42eB2eC36: 115.4(3).
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dried under vacuum. Crystallization was done using CH2Cl2/n-
hexane mixture.

2.2.7. Complex 3
The quantities involved are as follows: L1H2 (0.20 g, 0.34mmol),

triphenylborane (0.21 g, 0.85mmol). Yield: 0.29 g, (93%); mp:
219 �C; 1H NMR (400MHz, CDCl3): d 8.81 (s, 2H), 7.87 (d, J¼ 8.0 Hz,
2H), 7.78 (d, J¼ 8.0 Hz, 2H), 7.49 (s, 2H), 7.39 (d, J¼ 8.0 Hz,10H), 7.16
(dd, J¼ 4.0, 12.0 Hz, 14H), 6.95 (s, 4H), 2.71 (t, J¼ 8.0 Hz, 4H), 1.65
(m, 4H), 1.32e1.27 (m, 12H), 0.89 (t, J¼ 8.0 Hz, 6H); 13C NMR
(101MHz, CDCl3): d 165.22, 157.49, 145.41, 140.69, 139.33, 133.78,
130.54, 130.52, 128.53, 128.01, 127.18, 126.64, 125.18, 121.48, 119.24,
111.48, 35.69, 31.86, 31.54, 29.07, 22.75, 14.24; 11B NMR (128MHz,
CDCl3): d 5.19; IR (KBr): n ¼ 2925 (m), 2853 (m), 1607 (s), 1550 (s),
1498 (s), 1459 (s), 1431 (s), 1403 (s), 1385 (s), 1347 (s); HR-MS (ESI):
calcd. for C64H62B2N2O2 ([MþNa]þ): 935.4909, found: 935.4930.
Table 1
Photophysical data of imine ligands L1H2 and L2H3 and their complexes 1e4.

Compound Solvent lmax
a (nm) εmax (M�1cm�1

X

L1H2 Toluene 344, 423, 498d 12.9, 26.4, 07.3
CH2Cl2 341, 428, 493d 14.7, 25.1, 15.1
THF 341, 426, 497d 15.5, 29.6, 11.9
CH3CN 338, 428, 487d 15.2, 25.2, 17.2

L2H3 Toluene 329, 397, 480d 33.1, 41.8, 08.5
CH2Cl2 327, 396, 479d 34.8, 39.1, 16.5
THF 326, 396, 477d 37.3, 43.3, 15.4
CH3CN 324, 396, 474d 36.1, 38.1, 21.7

Compound 1 Toluene 355, 436 18.1, 30.5
CH2Cl2 353, 430 22.6, 33.5
THF 349, 425 19.7, 29.1
CH3CN 348, 422 21.7, 31.2

Compound 2 Toluene 360, 433 26.4, 38.8
CH2Cl2 357, 428 30.6, 39.9
THF 347, 418 26.4, 33.5
CH3CN 349, 419 28.5, 36.7

Compound 3 Toluene 352, 462 17.9, 19.5
CH2Cl2 350, 459 20.2, 20.3
THF 346, 455 15.9, 16.5
CH3CN 344, 452 19.5, 19.8

Compound 4 Toluene 353, 453 23.1, 21.1
CH2Cl2 352, 450 23.4, 20.8
THF 348, 445 19.9, 17.4
CH3CN 345, 440 23.3, 19.8

a Absorption maximum (Concentration: 3.5 ⅹ 10�5M).
b Excited at the absorption maximum.
c Fluorescence quantum yields were measure using an integrating sphere.
d Shoulder.
2.2.8. Complex 4
The quantities involved are as follows: L2H3 (0.30 g, 0.36mmol),

triphenylborane (0.32 g, 1.32mmol). Yield: 0.45 g, (93%); mp:
137 �C; 1H NMR (700MHz, CDCl3): d 8.26 (d, J¼ 7.7 Hz, 2H), 8.12 (s,
2H), 7.86 (d, J¼ 9.1 Hz, 2H), 7.68 (d, J¼ 9.1 Hz, 2H), 7.61 (t, J¼ 7.7 Hz,
2H), 7.52 (t, J¼ 7.7 Hz, 2H), 7.48e7.46 (m, 5H), 7.29 (d, J¼ 9.1 Hz,
9H), 7.21e7.17 (m, 15H), 7.08 (d, J¼ 9.1 Hz, 3H), 6.77 (s, 2H), 2.74 (t,
J¼ 7.7 Hz, 6H), 1.70e1.66 (m, 6H), 1.39e1.32 (m, 18H), 0.90 (d,
J¼ 7.0 Hz, 9H); 13C NMR (176MHz, CDCl3): d 165.62, 157.68, 146.12,
141.29, 139.64, 135.80, 133.78, 132.86, 130.30, 128.43, 128.15, 127.98,
127.43, 126.78, 121.29, 120.34, 120.23, 112.08, 35.72, 31.88, 31.60,
29.09, 22.77, 14.26; 11B NMR (128MHz, CDCl3): d �0.18; IR (KBr): n
¼ 2924 (m), 2853 (m), 1609 (s), 1544 (s), 1513 (w), 1455 (s), 1431 (s),
1380 (s), 1345 (s), 1308 (s); HR-MS (ESI): calcd. for C93H90B3N3O3

([MþNa]þ): 1352.7164, found: 1352.7113.
103) lem
a,b (nm) FF

c (%) Stokes shift nm (cm�1)

546 <1 123 (5326)
546 <1 118 (5049)
542 <1 116 (5024)
539 <1 111 (4812)
507 <1 110 (5465)
511 <1 115 (5683)
509 <1 113 (5606)
507 <1 111 (5529)
508 43 72 (3251)
507 44 77 (3532)
505 35 80 (3727)
502 30 80 (3776)
493 48 60 (2811)
495 44 67 (3162)
490 26 72 (3515)
495 18 76 (3664)
569 35 107 (4070)
568 47 109 (4181)
568 32 113 (4372)
561 27 109 (4299)
562 29 109 (4281)
561 31 111 (4397)
560 21 115 (4615)
559 19 119 (4838)



Fig. 5. Normalized fluorescence spectra of the complexes 1e4 in CH2Cl2 solutions.

Table 2
Electrochemical data of the complexes 1e4.

Complex 1st Reduction
potential

2nd Reduction
potential

3rd Reduction
potential

1 �1.53 �1.94 e

2 �1.49 �1.82 �2.06
3 �1.80 �2.08 e

4 �1.72 �1.98 �2.17
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3. Results and discussion

The desired imine ligands (L1H2 and L2H3) were synthesized in
a one-step reaction by refluxing 1,4-phenylene diamine for L1H2 or
1,3,5-triamino benzene for L2H3 with 6-hexyl-2-hydroxy-1-
naphthaldehyde [56] in absolute ethanol (Fig. 1). The boron pre-
cursors i.e., BF3.OEt2 and BPh3 were used to make the boron com-
plexes using the ligands L1H2 and L2H3. Addition of excess amount
of BF3.OEt2 to the sodium phenoxide of the ligands in dry THF
yielded the difluoroborane complexes 1 and 2. While the reaction
of triphenylborane ((C6H5)3B) in dry toluene under reflux condi-
tions yielded the diphenylborane complexes 3 and 4 (Scheme 1).
Both the ligands (L1H2 and L2H3) were characterized by 1H and 13C
NMR spectroscopy and reflecting their molecular structure in each
case. 1H NMR spectra of the ligands have shown a singlet in the far
downfield region (~15 ppm) which represents the H-bonded
phenolic proton. A representative proton NMR spectra of ligand
L1H2 and difluoro borane (1) are shown in Fig. 2. The number of
carbon signals observed in the 13C NMR spectrum is in well
agreement with the proposed structure of the ligands. The bory-
lated complexes were also characterized by various NMR spectro-
scopic techniques. Formation of the boron complexes have been
readily assessed by the disappearance of the downfield singlet
corresponding to the H-bonded phenolic proton in the 1H NMR
spectroscopy. In addition to the disappearance of the phenolic
proton (Fig. 2), the shift in the peak position and the number of
signals in the aromatic region with respect to aliphatic signals
supports the chelation of ligand to the boron center. 19F NMR
exhibit poor-resolved quartet [60] at around -133 ppm for both the
complexes. Boron NMR spectroscopy of all the complexes exhibit a
peak at around 1.00 ppm which supports the tetracoordinate na-
ture of the boron center.

All the compounds have also been characterized by infrared
spectroscopy. The characteristic C]N imine stretching band was
observed in the range of 1620e1630 cm�1 for all the complexes.

The formation of complex 3 was further analysed by single
crystal X-ray analysis. The complex has been crystalized in a
triclinic systemwith a space group P1; the refinement data related
to the same has been presented in Table S1. Molecular structure of
the complex along with important bond lengths and bond angles
are represented in Fig. 3. As shown in the figure, the boron centres
Fig. 4. Normalized absorbance spectra of the ligands and boron complexes at a con-
centration of 35 mM in CH2Cl2 solutions.

Fig. 6. Cyclic voltammogram of 3 and 4with 0.1M Bu4N(PF6) in DME as the supporting
electrolyte (scan rate 100mV/s). Referenced relative to Fc/Fcþ couple.
adopts a distorted tetrahedral geometry with N,O chelation. The
BeO and BeN bond lengths and CeNeB, CeOeB and NeBeO bond
angles are amenable to the other literature reported tetracoordi-
nate boron systems [61e63]. The boron atom coordinates to the
nitrogen atom to form a strain free six membered ring. Both the
boron atoms deviates by 0.57 (B1) Å and 0.59 (B2) Å from the plane
defined by ‘naphthyl’ carbon atoms, oxygen, iminocarbon and ni-
trogen atoms (Fig. 3). The interplanar angles between plane 1 &
plane 2 is 89.39 � whereas plane 1 & plane 3 and plane 2 & plane 3
are 45.15 � and 48.86 � respectively (Fig. 3, chemdraw).
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The photophysical properties of the ligands (L1H2 and L2H3)
and their boron complexes (1e4) in various solvents were recorded
and the results are presented in Table 1. As expected the imine li-
gands showed very weak fluorescence in solution due to their
intramolecular rotations or isomerisation upon irradiation
[15,26,27,64]. After borylation significant change to the photo-
physical data has been observed. Absorption and emission spectra
of the synthesized boron complexes in CH2Cl2 solution at a con-
centration of 35 mM are presented in Fig. 4. The difluoro- and
diphenyl-boron complexes (1e4) have shown better molar ab-
sorption coefficients with bathochromic shift in comparison to the
free ligands in the absorption spectrum (Fig. 4). The molar ab-
sorption coefficient of the boron complexes ranging from
16,500M�1cm�1 to 39,900M�1cm�1. Fig. 5 The molar absorption
coefficient for the difluoro boron complexes (1 & 2) is much higher
Fig. 7. Computed HOMOs and L
than their diphenyl boron complexes (3 & 4). The emission spectra
recorded for complexes 1e4 showed moderate fluorescence
(Table 1) upon boron chelation. Complexes 1e4 exhibit moderate
quantum yields and did not show drastic emission changes with
solvent polarity. This proves that interaction of boron complexes
with solvent molecules in the excited state is less significant [26].
Complexes 3 & 4 exhibit large Stokes shift over complexes 1 & 2,
may be associated with irregular backbone of the molecules as a
consequence of crowded environment. Such a crowding may
enhance the intramolecular charge transfer process which leads to
large Stokes shifts. Complexes 1 & 3 are weekly fluorescent in the
solid state, however complexes 2 & 4 do not fluoresce in the solid
state. The observed photophysical properties are comparable with
literature reported compounds of similar type [38].

The electrochemical behaviours of complexes 1e4were studied
UMOs for complexes 1e4.
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by cyclic voltammetry in DME solution. The di- and triboron
complexes exhibit two and three electron reduction waves
respectively (Table 2 & Fig. 6). Among the boron complexes studied
(1e4); the first reduction potentials of difluoro boron complexes (1
& 2) are slightly less negative than those of diphenyl boron com-
plexes (3 & 4). This may be due to the presence of electron with-
drawing fluorine in complexes 1 & 2.

In order to get more insights of absorption properties of com-
plexes 1e4, we carried out density functional theory (DFT) calcu-
lations. As shown in Fig. 7 (Table S2) the HOMOs and LUMOs of
complexes 1 & 3 delocalized over naphthyl rings and the centre
phenyl ring whereas in complexes 2& 4 it is limited to one (or) two
naphthyl units of the molecule. Diphenyl boron complexes 3 & 4
have shown higher HOMO energy level which is in line with the
observed red shift in comparison to the difluoro substituted com-
plexes 1 & 2. Complexes 1 & 2 have slightly higher LUMO energy, a
possible reason for the low electron reduction potentials observed
in these complexes.

4. Conclusions

In conclusion, we have isolated and characterized four new tetra
coordinate boron complexes. Two of them as difluoro boron com-
plexes (1 & 2) and the other two as diphenyl boron complexes (3 &
4). The boron complexes 1e4 have shown better quantum yields
over the ligands and better Stokes shift over BODIPY system. The
increase of the number of boron i.e. from two boron (complex 1 or
3) to three boron (complex 2 or 4) center has considerable effect on
the reduction potentials however does not have much influence on
the photophysical properties.
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