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In this study, it is aimed to obtain of N,N’-Bis(3-tert-Butyl-5-methylsalicylidene)-1,2-
diaminoethane-boron complex (3) in three-step reaction. In the first step, an aromatic
aldehyde derivative was synthesized by the o-formylation reaction with commercially
available an aromatic phenol. The condensation reaction was carried out to give the
imine derivative as a Schiff base ligand (2). The fluorine chelated boron complex
was synthesized through the reaction of BF,.OEt, with ligand (2). This Schiff base-
boron complex was reported for the first time and was fully characterized by common
spectroscopic techniques such as 'H-NMR, *C-NMR, FT-IR, UV-Vis, MS and elemental
analysis. The spectroscopic properties of the target boron-complex were examined with
the absorption and fluorescence spectroscopy. It was determined that the obtained boron
complex is highly emissive molecule in different solvents with large Stokes shifts reaching
100 nm. Moreover, the measurements of the fluorescence quantum yields (up to 48%)

Synthesis,
Red-shift emission,
Stokes’ shift, quantum yield

were performed.

1. Introduction

Fluorescence coordination compounds have drawn
considerable attention in the past few years. Boron-
dipyrromethene (BODIPY) derivatives, which are BF,
complex of dipyrromethene unit have been classified
organoboron compounds and are one of the most
studied types of fluorescent dyes as organic fluorine
boron complexes. They have excellent optical proper-
ties displaying high emission, high absorption coeffi-
cients, and photo-stability [1,2].

These features make it utilizable for many fields such
as organic light-emitting diodes [3], fluorescence im-
aging and labeling [4,5], photosensitizer for photody-
namic therapy [6], and fluorescence sensors for the
detection of chemically important species [7]. In addi-
tion these applications, the research on new fluorine
boron complexes have been in progress for boron
neutron capture therapy [8] and solar cells [9].

Beside dipyrromethene derivatives, pyrrole-imine [10],
bispyrrole [11], pyridyl-phenol [12] and Schiff base li-
gands [13] have been studied to form four-coordinated
boron complexes because of showing good lumines-
cent properties in recent years. Among these chelating
agents, boron complexes of Schiff-base ligands have
been reported in only a few studies so far.

Schiff base derivatives are one of the most studied li-

gands since this type of ligands could generate stable
complexes with most transitions metals as a N2-O2 or
two N-O chelation.

Thus, in this study, Salen-type Schiff base ligand (L,
N,N’-Bis(3-tert-Butyl-5-methylsalicylidene)-1,2-diami-
noethane (2)) was obtained by the condensation of
an aromatic aldehyde derivative and ethylenediamine,
and the synthesis and characterization of its boron
complex (BF,),L (3) were performed.

The optical and fluorescence properties of the pre-
pared bi-metallic boron complex (3) were evaluated by
taking measurements in different solvents to observe
the effect of polarity.

2. Materials and methods
2.1. Chemicals and instruments

2-tertbutyl-4-methylphenol, urotropin, glacial acetic
acid, ethylenediamine, dichloromethane (DCM), chlo-
roform (CHCI,), methanol (MeOH), toluene, triethyl-
amine (TEA), Boron trifluoride diethyl etherate (BF,.
Et,0 ), NaHCO, were obtained from Sigma-Aldrich. All
solvents were dried and purified as reported by Perrin
and Armarego [14] before using. Dual-bank vacuum-
gas manifold system was used to provide oxygen-free
inert atmosphere. The progress of the reactions and
chemical purity of the compounds were controlled by
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TLC using silica gel 60-HF254 as an adsorbent. Silica
gel (Merck grade 60) was used at column chromatog-
raphy to provide purity. Infrared spectra were acquired
on a PerkinElmer UATR-TWO diamond attenuated
total reflectance (ATR) spectrophotometer. Electronic
spectra were obtained on a Hitachi U-2900 UV-Vis
spectrophotometer. Fluorescence spectra were recor-
ded from Hitachi F-2710 Fluorescence spectrofluoro-
meter with quartz cell of 1 cm. at room temperature.
Acquisition of 'H and "*C NMR spectra were carried out
a Varian Mercury Plus 300 MHz spectrometer. Mass
analysis was performed on an Agilent 6230 A LC-
TOF/MS Spectrometer. The elemental composition of
the target compound was determined by Flash 2000,
Thermo Scientific as an element analyzer.

2.2. Synthesis

The synthesize of 3-tert-Butyl-2-hydroxy-5-meth-
ylbenzaldehyde (1) [15] and N,N’-Bis(3-tert-Butyl-
5-methylsalicylidene) -1,2-diaminoethane (2) [16]
were accomplished according to the reported work.
The spectroscopic observations are consistent with
the literatures.

2.2.1. Synthesis of N,N’-Bis(3-tert-Butyl-5-methyl-
salicylidene)-1,2-diaminoethane-boroncomplex(3)

The dissolved N,N’-Bis(3-tert-Butyl-5-methylsalicyli-
dene) -1,2-diaminoethane (2) (0.25 g, 0.61 mmol) in
dry toluene (20 mL) was degassed with argon at room
temperature. After the mixture was stirred for 15 min
at 60 °C in presence of triethylamine (0.85 mL, 6.1
mmol).

BF,.Et,0 (1.13 mL, 9.2 mmol) was added slowly to
the resulting mixture and kept for 3 h at 110 °C under
argon atmosphere. The progress of the reaction was
controlled with the TLC.

The finished reaction was diluted with CHCI, (30 mL)
and rinsed with NaHCO,. The toluene and CHCI, phase
was dried over Na,SO, and the solvent was evaporat-
ed. The obtained raw product was purified by column
chromatography on silica gel eluting with CHCI./metha-
nol-100/1 to obtain pure boron complex (3). Yield: 48%
(145 mg). FT-IR (UATR-TWO™) v max/cm-': 3042 (Ar,
C-H), 2951-2857 (Aliph., C-H), 1634 (C=N), 1567 (Ar,
C=C), 1469-1358 (Aliph., C-C), 1182, 1044, 907, 774.
'H-NMR (CHCI,) & (ppm): 8.25 (s, 2H), 7.37 (s, 2H),
6.96 (s, 2H), 4.30 (s, 4H), 2.23 (s, 6H), 1.43 (s, 18H).
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BC-NMR (CHCL,) & (ppm): 167.92, 156.69, 137.67,
134.05, 129.75, 129.20, 115.45, 54.00, 35.09, 29.48,
20.72. UV-Vis (CHCI,): Amax (nm) (log ¢€) 242 (3.82),
276 (4.24), 376 (3.83). Anal. Calc. C,H,B,F,N,O,
(%): C, 61.94; H, 6.80; B, 4.29; F, 15.07; N, 5.56; O,
6.35; Found (%): C, 61.91; H, 6.87; N, 5.38. MS : m/z
475.3196 [M-F]*, m/z: 527.2576 [M+Na]".

3. Results and discussion
3.1. Synthesis and characterization

The reaction steps for target compound 3 were shown
in Scheme 1. In the first stage, As a first step, the re-
action of 2-tertbutyl-4-methylphenol with urotropin in
glacial CH,COOH gave the aromatic aldehyde deriva-
tive (1) using the literature procedure by applying Duff
reaction which is one of the most convenient prepa-
ration methods for ortho-hydroxysubstituted aromatic
aldehydes [15].

The new bis-imine ligand (2) was synthesized by the
condensation reaction of the aldehyde derivative (1)
and commercially available ethylenediamine in metha-
nol at reflux temperature. Boron complexation was car-
ried out with the reaction of 2 and BF,-OEt, in toluene
at 110 °C by using triethylamine as base to afford 3.

The achieved pure products were characterized by
spectroscopic methods such as 'H-NMR, "C-NMR,
UV/is and FT-IR and MS and elemental analysis. The
results showed that the products are in the expected
structure.

When compared the FT-IR spectra of 2-tertbutyl-
4-methylphenol and 1, the formation of 1 could be
diagnosed with the existence of carbonyl peak at
1645cm™ and C—H vibrations at 2895 cm™ and 2773
cm belonging to the aldehyde group.

The FT-IR spectrum of 2 displayed the imine vibration
band at 1630 cm™ by the disappearance of the C=0
stretching band indicating the condensation reaction
to give 2.

It was observed that the imine (C=N) vibration at 1630
cm™' originating from free ligand 2 shifted to 1634 cm™
upon complexation with boron. In addition, the pres-
ence of an B-O and B-N vibration peaks at 1182 and
1044 cm™ are evidence for the formation of boron
complex (3) [17].

Scheme 1. Synthesis route: (i) glacial CH,COOH, urotropin, 120 °C (ii) ethylenediamine, methanol (iii) TEA, BF,.Et,O, toluene
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The 'H-NMR data presented satisfactory results for
proposed structures. When compared the 'H-NMR
spectra of compound 1 and 2, the disappearances of
HC=0 proton signal of 1 and the appearance of peak
of imine proton at 8.33 ppm shows that the imine con-
densation reaction has occurred. The other character-
istic peak was observed at 3.91 ppm related to methy-
lene group of 2. The disappearance of the signal due
to phenolic OH protons at 13.58 ppm arising from free
ligand (2) is attributed to the formation of B—O bond in
"H-NMR spectrum of 3. Also, The azomethine —-CH=N-
proton of ligand (2) at 8.33 ppm shifted to highfield ob-
serving at 8.25 ppm in complex (3), as well.

When the results obtained with *C-NMR are evaluat-
ed, the peaks at 167.43 ppm and 68.19 ppm belonging
to the carbon atom of the imine group and the carbon
atoms of the methylene group, respectively, are the
characteristic proof for the occurrence of imine com-
pound (2).

In the "*C-NMR spectrum of 3, the signals for carbon
atoms of the imine( —CH=N-) group and the carbon at-
oms of the methylene group were observed at 167.94
ppm and 54.00 ppm, respectively.

The mass spectrum of 3 was gained by the electro-
spray ionization mass spectrometer and the result in-
dicated the existence of aimed product by presenting
the molecular ion peak m/z: 475.3196 [M-F]* and m/z:
527.2576 [M+Na]* as seen in Figure 1.

The absorption spectra of 2 and boron complex (3)
were performed in 1x10* M concentration of CHCI,
solution are given in Figure 2. In the absorption spec-
trum of the 2, two main absorption bands appeared at
246 and 334 nm which arised from 11- TT*/n- TT* transi-
tions [18]. The bands resulting from same transitions
showed up in the spectrum of the boron complex (3),
as well. The UV-Vis spectrum of boron complex (3) in
CHCI, solution displayed broad bands at 276 nm and
376 nm and with a shoulder at 242 nm. When com-
pared to the free ligand (2), these bands appeared at
a longer wavelength indicating the coordination of the
boron to the ligand.

The electronic spectrum of the prepared boron com-
plex (3) was also recorded in variety of solvents (THF,
CHCI,, acetone, DMF, DMSO acetonitrile and DCM)
to determine the solvent effect on its spectroscopic
properties and detect the appropriate solvent for fu-
ture photophysical and photochemical studies (Fig. 3)
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Figure 1. MS spectrum of 3.
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Figure 2. Absorption spectra of 2 and 3 in CHCI, (Concentration 1x10* mol.L™").
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When the solvent polarity was increased among the
studied solvents changing from chloroform to DMF
or DMSQO, it was observed hypsochromic shift (~10
nm) at absorptions wavelength which agree with the
natural behavior of BF, complexes of N*O-bidentate
ligands [19].

The molar absorption coefficients (¢) of the prepared
boron complex (3) are different in different solvents
due to having unique solution properties (Fig. 3). While
the biggest absorbance value was observed in THF,
the lowest absorption was observed in acetonitrile.

The absorption spectra clearly show that the broad
bands of the boron complex (3) were seen at the range
of 366-374 nm which is responsible for the complex-
ation. The absorption bands at 368 in acetone, aceto-
nitrile and THF, at 366 nm in DMF and DMSO, at 376
nm in CHCI, and at 374 nm in DCM were observed for
the same concentration solutions of 3.

3.2. Fluorescence spectra

The fluorescence behavior of synthesized boron com-
plex (3) was examined in a variety of solvents such
as acetone, acetonitrile, CHCI,, DCM, DMF, DMSO
and THF at room temperature. Since the susceptibil-
ity of the fluorophores towards to the solvent polarity
is quite important in fluorescent field, the effect of the
solvents on the fluorescence intensity was examined.
It was seen that the synthesized boron complex (3)
has similar fluorescence behavior in all solutions from
the emission wavelength aspect.

The absorption and fluorescence emission, excitation
spectrum of boron complex (3) in THF was given as an
example in Figure 4. The emission shape is the mirror
image of the absorption shape and this similarity of
the absorption and emission spectra for all the studied
solvents, suggesting that the Schiff base complex (3)
structure was not affected by the excitation. When con-

2
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—DMF
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0
220 270 320 370 420 470
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Figure 3. UV-Vis spectra of the compound 3 in acetone, acetonitrile, CHCI,, DCM, DMF, DMSO, and THF. (Concentration 1x10* mol.L™").
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Figure 4. Absorption, excitation and emission spectra of 3 in THF. Excitation wavelength = 368 nm.
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sidered the excitation spectra, it was observed slightly
red-shifted up to 1-2 nm assessmented as minor shift
in comparison with its absorption spectra (Fig. 4).

Fluorescence emission peaks of 3 were observed at
460 nm in CHCI, and THF, 462 nm in acetone, 463 nm
in DCM, 465 nm in acetonitrile and DMF and 466 nm in
DMSO when excited at 366—376 nm. It was observed
that the fluorescence emission was the highest in THF
and the lowest in acetonitrile (Fig. 5).

Whereas the Shiff base ligand (2) itself is non-emis-
sive and after complexation with the BF, unit, the fluo-
rescence efficiencies of the obtained boron complex
(3) significantly increased. The introduction of the BF,
to the free ligand may be increased the rigidity and this
resulted in an increase in emission efficiency [20].

Stokes shifts were calculated by taking into consider-
ation the difference between absorption and emission
wavelength. The determined Stokes shifts are 84 nm
in CHCI,, 89 nm in DCM, 92 nm in THF, 94 nm in ac-
etone, 97 nm in acetonitrile, 99 nm in DMF and 100
nm in DMSO and these results were similar to typi-
cal of bi-metallic fluoroborates derivatives [13]. The
observed large Stokes shifts could be resulted from
the presence of an excited-state intramolecular charge
transfer (ICT) [21].

3.3. Fluorescence quantum yields (®PF)

Fluorescence quantum yields (®.) of boron complex 3
have been measured in various solvents by the com-
parative method using Eq. (1): [22].

F.Aswd.n?

Dr = DE(sta) >
Fsia. A .ngy

Eq. (1)

where F and F are the areas under the emission

profile of the boron complex (3) and the standard,

respectively. A and A, are the absorbances of the
sample and standard corresponding to excitation
wavelengths, and n?and n?, are refer to refractive in-
dices of solvents (n :1.36, n :1.34,n

acetone” acetonitrile” chloroform”

1.44, ny.,. 1.42, n,,. 1.43, n,,,.- 1.48 n, . 1.41)in
prepared solutions for the sample and standard, re-
spectively. Quinine sulfate (¢, = 0.54 in 0.1 M H,SO,)
was utilized as standard [23]. The absorbances of the

solutions were adjusted to be between 0.04 and 0.05.

Fluorescence quantum yield (®.) values were achie-
ved in various solvents suc as acetone, acetonitrile,
CHCI,, DCM, DMF, DMSO and THF at room tem-
perature in order to observe the effect of solvent. The
same excitation wavelength in which the solution of 3
is measured was applied for the standard for compari-
sSon purposes.

The results of quantum yield were determined to be
in the range of 0.40-0.48 in the studied solvents as
similar to each other, except for in acetonitrile; in ac-
etone 0.41, in CHCI,0.43, in DCM 0.48, in DMF 0.47,
in DMSO 0.47, in THF 0.40 and in acetonitrile 0.30
(Table 1).

As a result of comparison of these results, the lowest
value was obtained in acetonitrile while the obtained
highest value in DCM. When compared the some
reported BF, complexes [19], the quantum yields of
complex 3 studied in this work are higher in solution,
comparatively. However, fluorescence quantum yield
(®,) values studied in all solutions lower than standard.
The limiting effect on quantum yield can be explained
by the increase in energy transfer through intersystem
crossing (ISC) [24].

The absorption maxima, absorption coefficients, emis-
sion maxima, Stokes shifts and quantum vyields are
summarized in Table 1.

900
800
700 ~Acetone
‘E 600 —— Acetonitrile
2 ——CHCI3
= 500
Q ~——DCM
@ 400
§ ——DMF
S 300 ~——DMSO
[
200 THF
100
o — | S— -
200 300 600 700 800
Wavelength (nm)

Figure 5. Emission profile of compound 3 in different solvents. (Concentration: 1x10 M).
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Table 1. Absorption, excitation, emission spectral data and absorption coefficient for compound 3.

Solvent Amax. (nm) log € E;\(citation Emission Stokes Shift .
Ex (M) Aem (nm) Astokes (NM)

Acetone 368 368 462 94 0.41
Acetonitrile 276, 368 368 465 97 0.30
CHCls3 276, 376 4.24,3.83 376 460 84 0.43
DCM 276, 374 374 463 89 0.48
DMF 290, 366 366 465 99 0.47
DMSO 288, 366 366 466 100 0.47
THF 294, 368 368 460 92 0.40

4. Conclusion

In this study, a new Schiff base-boron complex 3 was
reported together with its synthesis and characteriza-
tion for the first time. The fluorescence and absorp-
tion properties were studied in different solvents in
order to see the effect of solvent diversity on spectral
properties. Complex 3 was found to be highly emis-
sive fluorophore and emits blue fluorescence with an
emission maximum within the range of 460—466 nm
depending on the solvent polarity. The resulting com-
plex displayed large Stokes shifts (89-100 nm) and the
highest Stokes shift (100 nm) was reached with the so-
lution prepared in DMSO. In addition to exhibiting high
stokes shift, relatively high fluorescent quantum yields
of 30-48% in solutions were obtained. In the light of
these results, among studied solvents, boron complex
3 can be used as potential for both organic emitters
and imaging reagent in DMSO.
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