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Abstract New derivatives of (benzo[d]azolyl)-benzo[f]-
chromenone were synthesized from the intermediate 3-(1,3-
benzazol-2-yl)naphthalen-2-o0l, obtained from 3-
hydroxynaphthalene-2-carboxylic acid and 2-amino phenol
in the presence of PCl; in chlorobenzene at 130-135 °C.
The compounds were characterized by FT-IR, 'H NMR, mass
spectroscopy and elemental analysis. The synthesized com-
pounds are fluorescent which absorb in the range of 296 to
332 nm while emit in the range of 368 to 404 nm. The
experimental absorption and emission wavelengths for the
compounds 5 and 6 are in good agreement with those predict-
ed using the Time-Dependent Density Functional Theory
(TD-DFT) [B3LYP/6-31G(d)]. The largest wavelength differ-
ence between the experimental and computed absorption
maxima was 29 nm (tetrahedrofuran) for compound 5 while
for emission it was 61 nm (dichloromethane) for compound 7.
The emission intensities of all the compounds decrease con-
tinuously as the viscosity of the microenvironment increases.
The compounds are thermally stable up to a temperature range
of 300 to 350 °C.
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Introduction

In recent years, research has been intensified to synthesize
fluorescent heterocyclic compounds which are used as fluo-
rescence sensors [1], molecular probes in biochemical re-
search [2], fluorescence labeling reagents [3], fluorescent
probes for different metal ions, thiols, anions [4-6] and in
the traditional textile and polymer fields [7]. Specifically,
those fluorescent compounds which emit in the red region
play an important role in full color electroluminescence dis-
plays and in biology [8, 9]. Heterocyclic fluorescent com-
pounds are of contemporary interest in the search for new
diagnostic methods [10].

Coumarin are an elite class of fluorescent compounds
present in various natural products [11—13] affording a wide
range of organic materials which find use in applications
where intense fluorescence is important [14—16]. Fluorescent
coumarin colorants show promising photophysical and pho-
tochemical properties, reasonable stability, good solubility
and relative ease of synthesis. As a result, coumarin deriva-
tives are extensively investigated as probes for biological
applications, in particular for in vivo imaging of cells in living
organisms [17—19], optical brighteners [20], organic nonlinear
optical materials [21-25]. They constitute the largest class of
laser dyes in the ‘blue—green’ region [26—29]. Coumarin dyes
have been used as red, green and blue dopants in organic light-
emitting diodes (OLEDs) [30—32]. Coumarin derivatives have
been extensively investigated for electronic and photonic ap-
plications such as solar energy collectors, charge-transfer
agents [33-36].

Coumarin with an electron repelling substitution at the 7-
position enhances the electron density of coumarin ring and
leads to a red-shifted absorption [37—42]. However, coumarin
dyes suffer from some disadvantages such as the small Stokes
shift. It is intriguing to note that, coumarin dyes show typical

@ Springer


http://dx.doi.org/10.1007/s10895-014-1410-3

1264

J Fluoresc (2014) 24:1263-1274

Stokes shift is less than 30 nm [43, 44]. It is noteworthy that
the compounds with benzocoumarin skeleton which disperses
the electron density of the coumarin ring, leading to blue
shifted absorption with a larger Stokes shift compared to the
7-substituted counterparts are known [45]. Also the substitu-
tion of an electron acceptor group at the 8- position of the
coumarin ring shows blue shifted emission as compared to the
substitution at 3-position, but it shows a high Stokes shift [46].
Envisaging a large Stokes shift and higher quantum yield our
interest of the current research work turned towards the design
and synthesize of new 5, 6-benzofused coumarin derivatives
with the acceptor groups like benzimidazole and benzoxazole
at the 8-position. It is to be noted that there are a few reports
are available in the literature where benzene ring is fused at 5,
6 position [47-51].

In continuation of our research work on fluorescent hetero-
cyclic compounds [52-56] here in this paper we report the
synthesis of novel fluorescent coumarin derivatives from 3-(1,
3-benzoxazol-2-yl)naphthalen-2-ol (4-7), and their
photophysical properties. An extensive computation of the
ground and the excited state geometries of these molecules
have been carried out using Density Functional Theory (DFT)
and Time Dependent Density Functional Theory (TDDFT).

OH XH
r 0
COOH
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Scheme 1 Synthesis of benzoxazolyl-benzo[f]chromen-3-one from 3-
hydroxynaphthalene-2-carboxylic acid via 3-(1,3-benzoxazol-2-
ylnaphthalen-2-ol. Reagent and Conditions: a X=0, Chlorobenzene/
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The experimental photophysical properties have been com-
pared with those obtained from DFT and TDDFT Scheme 1.

Results and Discussions
Absorption and Solvatochromism Study

To evaluate the effect of solvent polarity on the absorption-
emission properties of the synthesized coumarin, all the couma-
rin 4-7 were tested in different solvents of varying polarity and
hydrogen bonding capability. Nine solvents were tested for the
effect of solvent on their absorption-emission characteristics.

The solvatochromism study of the coumarin 4 states that it
show two distinct absorption peaks in all the solvents irre-
spective of the polarity, one at 314-317 nm and the other at
329-332 nm. It shows single absorption peak in acetone
(Fig. 1) with least molar absorptivity of 30,378 M ' cm ™' as
compared to the other solvents (SI-Table 1). The highest
absorption intensity was observed for THF with an absorptiv-
ity of 41,2020 M ' em .

The largest difference in wavelength between the comput-
ed and experimental absorption maxima is 14 nm in DMF for
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temperature, 14 h
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Fig. 1 Absorption spectra of coumarin 4

shorter wavelength region. In case of long wavelength region
itis 24 nm in CHCl;. In THF the computed vertical excitation
at 306 nm with oscillator strength of 0.4358 was obtained
from the third excited state which corresponds to the absorp-
tion at the shorter wavelength (317 nm). The vertical excita-
tion obtained in the second excited state at 349 nm with
oscillator strength of 0.1795 corresponds to the absorption at
longer wavelength (349 nm) (SI -Table 1). The vertical exci-
tation presented in Fig. 2 for methanol solvent states that the
absorption at 306 nm is because of HOMO to LUMO+1,
corresponding to the experimentally observed absorption at
314 nm while the absorption at 349 nm is due HOMO-1 to
LUMO transition which corresponds to the peak at 329 nm in
methanol.

In all the solvents, the prominent intense absorption can be
assigned to HOMO to LUMO+1 transition and the other less

\
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Fig. 2 Representation of the UV-visible absorption (vertical excitation)
coumarin 4 in methanol.?

Fig. 3 Emission spectra of coumarin 4

intense absorption arises from HOMO-1 to LUMO transition
(SI-Table 1).

The coumarin 4 emits at 404 to 426 nm with a Stokes shift
0f6,754-8,372 cm '. Methanol shows the largest Stokes shift
of 8,372 cm ' but the quantum yield arises from it is least in
all the solvents. In DMF the coumarin shows hyperchromic
shift as compared to the other solvents which is attributed to
the highest quantum yield of 0.113. (Fig. 3) The quantum
yield varies from 0.071 to 0.113 (Table 1).

Solvatochromism and Solvatofluorism Study of Coumarin 5

Except in acetone and THF, the coumarin 5 shows two prom-
inent absorption peaks ranging from 317 to 332 nm. But the
absorption remains same in both polar and non-polar solvents,
but chloroform shows the hyperchromic effect with the
highest molar absorptivity of 29,014.0 M '.cm™" (Fig. 4, SI-
Table 2). In the case of polar solvent methanol TD-DFT
computed vertical excitation from HOMO—LUMO+1
(66 %) at 309 nm with the oscillator strength of 0.5981 arises
from the excited state 4 corresponding to the experimentally
observed A, 317 nm (SI-Table 2).

The vertical excitation from HOMO-1—LUMO which
contributes 58 % from the second excited state corresponds
to the shoulder peak at 332 nm in methanol. A very similar
trend was observed in all the other solvents except in chloro-
form wherein HOMO-1—LUMO (64 %) from the excited
state corresponds to the shoulder peak at 332 nm (SI-Table 2).

The coumarin 5 absorbs in the range of 317-335 nm and
emits in the range of 378 to 450 nm with the Stokes shift from
3,395 to 7,898 cm !. The largest red shift was observed in
chloroform (72 nm) than in DMF (26 nm) as compared to the
solvent acetone (Fig. 5). In the solvents like DMF and DCM
the coumarin 7 shows hyperchromic effect attributed to the
highest quantum yield of 0.189 and 0.151 respectively. The
lowest quantum yield of 0.075 and 0.042 was observed in
ethyl acetate and THF respectively (Table 1).
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Table 1 Observed UV-visible absorption and computed absorption of coumarin 4-7 in different solvents®

Dye Solvent Aabs (M) Aem (nmM) eM em™) A (em™) Dp° TD-DFT A (nm)
4 THF 317 414 41,202.0 7,391 0.088 403
EtOAc 317 404 40,875.0 6,793 0.090 402
CHCly 317 415 37,932.0 7,449 0.101 402
DCM 317 420 39,567.0 7,736 0.084 403
Acetone 317 411 30,378.3 7214 0.086 405
MeOH 314 426 37,932.0 8,372 0.071 406
ETOH 314 418 40,548.0 7,923 0.083 406
ACN 329 423 36,951.0 6,754 0.089 406
DMF 320 421 35,6103 7,497 0.110 406
5 THF 332 396 27,058.0 4,867 0.042 434
EtOAc 317 384 26,080.0 5,504 0.075 -
CHCl4 332 450 28,036.0 7,898 0.102 437
DCM 332 386 17,930.0 4213 0.151 -
Acetone 335 378 16,691.2 3,395 0.058 432
MeOH 317 394 27,058.0 6,165 0.118 432
EtOH 320 389 24,450.0 5,543 0.120 432
ACN 332 398 23,080.8 4,994 0.060 432
DMF 332 404 21,168.0 5,368 0.189 431
6 THF 317 431 50,393.0 8,343 0.057 405
EtOAc 317 427 38,499.0 8,126 0.033 404
CHCl, 317 408 23,162.0 7,035 0.036 403
DCM 317 423 37,560.0 7,905 0.035 405
Acetone 335 411 19,719.0 5,519 0.019 407
MeOH 317 438 26,605.0 8,714 0.144 407
EtOH 317 435 25,666.0 8,557 0.120 407
ACN 329 405 18,154.0 5,703 0.041 407
DMF 317 435 20,814.5 8,557 0.092 407
7 THF 324 398 12,480.0 5,738 0.069 440
EtOAc 318 384 22,152.0 5,404 0.040 441
CHCl, 321 442 42,432.0 8,528 0.061 443
DCM 333 378 20,904.0 3,575 0.119 439
Acetone 339 390 21,996.0 3,857 0.055 437
MeOH 336 396 12,480.0 4,509 0.154 436
EtOH 315 412 20,592.0 7,474 0.082 436
ACN 330 394 17,160.0 4,922 0.069 436
DMF 333 408 19,344.0 5,520 0.140 436

2 Analysis were carried out at room temperature (25 °C); ® Tinopal was used as reference standard for quantum yield calculations

Solvatochromism and Solvatofluorism Study of Coumarin 6

Except in the solvents acetonitrile and acetone the coumarin 6
shows two distinct absorption peaks, one major absorption
maxima at 317 nm while the shoulder peak at 329 to 335 nm
(Fig. 6). The solvents acetonitrile and acetone show the ab-
sorption maxima at 329 and 335 nm. The highest molar
absorptivity of 50,393.0 M ' cm ™' was obsereved in THF
while the least value was observed in acetonitrile
(18,1540 M ' cm™).

@ Springer

The largest difference in the computed and experimental
absorption for the coumarin 6 was 5 nm in ethyl acetate for
shorter wavelength absorption and 29 nm in THF for longer
wavelength absorption. The vertical excitations HOMO—
LUMO+1 (66-67 %) with the highest oscillator strength of
0.5065 - 0.5288 are presented in (SI-Table 3) are from the
third excited state for all the solvents which correspond to the
experimentally observed absorption A..x at 317 nm. The
vertical excitation HOMO-1—LUMO (67 %) from the sec-
ond excited state (oscillator strength (f)=0.1370-0.1496)
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Fig. 4 Absorption spectra of coumarin 5

corresponds to the experimentally observed shoulder peak at
329-335 nm (SI-Table 3).

The coumarin 6 emits in the range of 405 to 438 nm with
Stokes shift from 5,519 to 8,714 cm ' (Table 1). In the
solvents acetonitrile and chloroform the coumarin 6 emits at
405 and 408 nm respectively which is slightly blue shifted
than in methanol and DMF (Fig. 7). In methanol and ethanol
the highest emission intensity was observed which is attribut-
ed to the highest quantum yield of 0.144 and 0.120 respec-
tively. The least quantum yield was observed in acetone (=
0.019) as its emission intensity is very poor (Table 1).

Solvatochromism and Solvatofluorism Study of Coumarin 7

In the non-polar solvent like chloroform and THF the couma-
rin 7 shows hyperchromic shift in absorption while reverse is
the case in the polar solvent (hypochromic effect) (Fig. 8). In
these two solvents it shows one major peak (321 and 324 nm)
and the other shoulder peak at 330 and 348 nm while for other
solvent both the peaks are of equal intensity. The highest
molar absorptivity of 42,432.0 M' cm ™' was observed for
chloroform (SI-Table 4).

The largest difference between the computed and the ex-
perimental absorption is 7 nm and 23 nm respectively in
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Fig. 6 Absorption spectra of coumarin 6

ethanol and acetonitrile for the long wavelength absorption.
The HOMO—LUMO+1 vertical excitation with a contribu-
tion of 67 % and oscillator strength of 0.5815 corresponds the
to the experimental absorption maxima at 321 nm. This con-
tribution arises from the fourth excited state. From the third
excited state HOMO-2—LUMO transition with a contribu-
tion of 49 % corresponds to the shoulder peak at 336 nm in
methanol. Similar trend was observed for the other solvents
except chloroform and ethyl acetate. In these two solvents
HOMO-2—LUMO transition from the third excited state
corresponds to the experimentally observed shoulder peak at
351 and 330 nm respectively (SI-Table 4).

In chloroform the coumarin 7 shows 64 nm red shift as
compared to DCM with the largest Stokes shift but the quan-
tum yield was less as compared with the other solvents as its
emission intensity is less Fig. 9. It emits in the range of 378 to
442 nm with a Stokes shift of 3,575 to 8,528 cm '. The
highest quantum yield of 0.154 and 0.140 was observed in
methanol and DMF. For the other solvents it varies from 0.040
to 0.119 (Table 1).

Figure 10 and 11 represents the daylight and UV light
photographs of coumarin 4-7.

=== FEtOH
«=0==MeOH
=O==DMF
=o0==THF
=0— ACN
—o=CHCl,
=tx-DCM
=o—EtOAc

—0== Acetone

Emission Intensity (a.u.)
~

380 410 440 470 500 530 560
Wavelength (nm)

Fig. 5 Emission spectra of coumarin 5

Fig. 7 Emission spectra of coumarin 6
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Fig. 8 Absorption spectra of coumarin 7
Effect of Viscosity on Absorption of Coumarin 47

Viscosity has a great impact on the fluorescence intensity. All
the synthesized coumarin 4—7 were studied for their effect of
viscosity on absorption as well as emission intensity. The
absorption intensity is in the case of all the coumarin 4-7.
Exceptionally there is a slight decrease in the absorption
intensity in the case of the coumarin 7 (Fig. 12).

In the case of the emission viscosity show interesting
results and are predictable. For all the coumarin 4-7 emission
peak intensity goes on decreasing as viscosity increases
(Figs. 13 and 14).

Structural Parameters

There are two possible rotamers for each compound. In
‘rotamer a’ the pending benzazole ring nitrogen is closer
towards chromone oxygen while in ‘rotamer b’ benzoyl oxy-
gen is closer to the chromone oxygen (Fig. 15). The Table 2
for ground state stability of each coumarin 47 states that the
‘rotamer b’ for all coumarin 4-7 is more stable than the
‘rotamer a’. The ‘rotamer b’ for all the coumarin 4-7 was
optimized in nine different solvents and their optimized struc-
tures in methanol are presented in Fig. 16. The dihedral angle
C9-C8-C15-019 is zero for all rotamers except 4b and 5b. It is
27.97° and —1.22° for rotamer 4b and 5b.
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Fig. 9 Emission spectra of coumarin 7
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Day light photograph

UV light photograph

MeOH EtOH ACN DMF  Acetone DCM  CHCh  EtOAc THE  Dioxase

Fig. 10 Daylight and UV light photographs of coumarin 4

The angle C12-O11-C9 is 123.6° which are slightly less
than that of in other rotamers. The bond distance C15-019 in
rotamers 4b and 6b are 1.374 A and 1.373 A respectively
while C18—C19 bond distances are same in both the rotamers
(1.372 A) (Fig. 16). The C15-N19 and N19-C18 bond dis-
tances in rotamers 5b and 7b are 1.377 A and 1.378 A respec-
tively (Fig. 16).

Thermogravimetric Analysis

To investigate the thermal stability of the synthesized couma-
rin 4-7, thermal stability study has been carried out using
thermo gravimetric analysis (TGA) technique. The thermal
gravimetric analysis has been carried out over the temperature
range of 50-600 °C under nitrogen atmosphere. TGA result in
(SI-Table 5) indicates that the stability of all compounds varies
from 302 to 349 °C. All the compounds start to decompose in
between 302 and 368 °C. TGA analysis curves of all the
coumarin (4-7) as shown in Fig. 17 state that even up to
400 °C the coumarin 6 is stable up to 74.83 %. The coumarin
7 almost decomposes 75-80 % up to 450 °C. None of the
coumarin decomposes completely up to 600 °C. The compar-
ison of T, (decomposition temperature) showed that the ther-
mal stability of the coumarin 4—7 decreases in the order 6>7>
5>4 as shown in (SI-Table 5).

Experimental Sections
Materials and Methods

All the commercial reagents were purchased and used without
purification and all the solvents were of reagent grade. The
reaction was monitored by TLC using on 0.25 mm silica gel
60 F254 precoated plates, which were visualized with UV
light. Melting points were measured on standard melting point
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Fig. 11 Daylight and UV light
photographs of coumarin 5-7 in
DMF

Day light

UV light

apparatus and are uncorrected. The FT-IR spectra were re-
corded on a Fourier Transform IR instrument (ATR accesso-
ries). '"H NMR and "*C NMR spectra were recorded on NMR
spectrometer operating at 300 MHz and 75 MHz respectively
using TMS as an internal standard. Mass spectra were record-
ed on mass spectrometer instrument. The absorption spectra of
the compounds were recorded on UV-visible spectrophotom-
eter; fluorescence emission spectra were recorded on fluores-
cence spectrophotometer using freshly prepared solutions.
Quantum yield was calculated by using tinopal ($=0.81 in
DMF) [57, 58].

Computational Methods

The different conformers of the coumarin 4 to 7 and their
tautomers involved are illustrated in Fig. 2. The ground state
(S,) geometry of the conformers and tautomers of all these
compounds in their C; symmetry were optimized in the gas
phase using Density Functional Theory (DFT) [59]. The func-
tional used was B3LYP. The B3LYP method combines
Becke’s three parameter exchange functional (B3) [60] with
the nonlocal correlation functional by Lee, Yang and Parr
(LYP) [61]. The basis set used for all atoms was 6-31G (d),
the latter has been justified in the literature [62, 63] for the
current investigation. The vibrational frequencies at the opti-
mized structures were computed using the same method to

verify that the optimized structures correspond to local mini-
ma on the energy surface. The vertical excitation energies at
the ground-state equilibrium geometries were calculated with
TD-DFT [64—66]. The low-lying first singlet excited state (S;)
of each conformer was relaxed using the TD-DFT to obtain its
minimum energy geometry. The difference between the ener-
gies of the optimized geometries at the first singlet excited
state and the ground state was used in computing the emis-
sions [67, 68]. The frequency computations were also carried
out on the optimized geometry of the low-lying vibronically
relaxed first excited state of the conformers. All the computa-
tions in solvents of different polarities were carried out using
the Polarizable Continuum Model (PCM) [69, 70]. All the
electronic structure computations were carried out using the
Gaussian 09 program [71].

Experimental Procedure
3-(Benzo[d]oxazol-2-yl)naphthalen-2-ol (2)

A mixture of 2-aminophenol (1.09 g, 0.01 mol) and 3-
hydroxynaphthalene-2-carboxylic acid 1 (1.88 g, 0.01 mol)
were refluxed (133—135 °C) in chlorobenzene (10 mL) in the
presence of PCl; (2 g, 1.3 mL, 0.01 mol) for 4 hours. After
completion of reaction, the solid product was precipitated out
and was filtered to get the crude product 2. Yield 2.06 g (79 %)
which was further recrystallized form ethanol, mp: 171-

i i oC 4 .
08 - Absoroption Intensnty. omp 173 °C (Lit mp: 171-172 °C) [72].
L) ® Comp 5
0.75 —= | @ Comp 6 400 - Emission Intensit =Comp 4
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0.7 4 ° ° ° e Comp 7 3 350 - y ® Comp 5
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3 0.65 4 . g
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S ) . . £ 250 A
2 0.55 . =
= . £ 200 1 R
0.5 1 . . " & X
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0.45 — o . = 130 g e - . - )
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Fig. 12 Plot of absorption intensity against % of glycerin in DMF Fig. 13 Plot of emission intensity against % glycerin in DMF

@ Springer



1270 J Fluoresc (2014) 24:1263-1274
Coumarin 4 e 0% Coumarin 5 =—0%
160 - 59

~ - —5

5 270 2140 - e 10%

& &

£ 220 2120 - 15%

Z’ g 20%

2170 g10019 —25%

= = 80 - —30%

g 120 g

% o 2 60 -

£ E 40 -

= =

20 T T T T T T T 20 T T T T T
370 390 410 430 450 470 490 510 360 380 400 420 440 460

Wavelength (nm) Wavelength (nm)
Coumarin 6 =—0% Coumarin 7 0%

~ 290 A — 50, _440 - — 50,

g —_—10% g e 1 0%

240 1 —15% | | 360 - e 1 5%

= —_—20% g‘ 20%

§ 190 + —_—15 5280 . —%(5)3

: 30(7 N — 0

= 140 - | =200

]

S 5

2 90 2120 -

5 E

40 o T T T i = 40 T T T 1
380 410 440 470 500 350 380 410 440 470

Wavelength (nm) Wavelength (nm)

Fig. 14 Effect of viscosity on emission of coumarin 47

3-(1H-Benzo[d]imidazol-2-yl)naphthalen-2-ol (3)

A mixture of benzene-1, 2-diamine (1.08 g, 0.01 mol) and 3-
hydroxynaphthalene-2-carboxylic acid 1 (1.88 g, 0.01 mol)

was heated at 130-135 °C in stirrable amount polyphosphoric
acid (5 g) for 2 h. After the completion of the reaction the tarry
reaction mass was cooled to room temperature and slowly
added to the crushed ice. The solid product was precipitated

-

A

o
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\

o
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7b

~
O
H (0]
N
O
)

Fig. 15 The possible rotamers of coumarin 4-7
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Table 2 Ground state stability of each conformer of coumarin 4-7*

Coumarin No Energy (Hatree)

Rotamer a Rotamer b
4 —683,049.6 —683,051.0
5 -670,584.9 -670,596.8
6 —658,382.5 —658,383.9
7 —645,918.1 —645,929.3

*TD-DFT computations were carried out with the use of optimized
structures at B3LYP method with 6-31G (d) basis set

out, filtered and washed well with water to get the crude
product 3. Yield 1.95 g (75 %) which was further recrystal-
lized form ethanol, mp: 267-270 °C, decomp. (Lit mp: 268—
272 °C, decomp) [73].

5-(Benzo[d]oxazol-2-yl)-1-methyl-3H-benzo[f]
chromen-3-one (4)

A mixture of 3-(benzo[d]oxazol-2-yl)naphthalen-2-ol (1.32 g,
0.005 mol) 2 and ethyl acetoacetate (0.65 g, 0.005 mol) was

stirred at room temperature for 24 h in the presence of conc.
H,S04 (5 mL). The reaction was monitored by TLC, after the
completion of the reaction the tarry reaction mass was slowly
poured on crushed ice with stirring. The solid product
was obtained which was filtered out and washed well
with ice cold water for three to four times to get rid of
the excess acidity to obtain crude product, yield: 1.17 g
(71 %). Further the crude product was recrystallized
from 90 % ethanol, mp:>300 °C.

FT-IR: 3,010 (Aromatic -CH Stretching), 1,728 (C=0
stretching), 1,517, 1,454, (C=C, C=N ring stretching),
1,295, 1,179 (C-O stretching), 862, 747 (Aromatic -CH out
of plane bending) cm ™.

"H NMR: (CDCls, 300 MHz, ppm) 5=3.25 (s, 3H, CH;),
7.35 (q, J=8.2 Hz, 1H, Ar-H), 7.42-7.50 (m, J=7.2, 8.6,
1.5 Hz, 3H, Ar-H), 7.70-7.75 (m, J=7.9, 2.2 Hz, 2H, Ar-H),
7.90 (dd, J=8.3, 7.5, 1.7 Hz, 1H, Ar-H), 8.05 (d, 8.6 Hz, 1H,
Ar-H), 8.20 (dd, J=8.4,2.7 Hz, 1H, Ar-H), 8.75 (d, J/=8.5 Hz,
1H, Ar-H) ppm."*C NMR: (DMSO-d;;, 125 MHz, ppm) 5=
19.8, 111.4, 113.7, 119.8, 123.0, 125.5, 125.7, 126.3, 126.5,
127.1,127.3,128.2,129.7, 130.3, 132.6, 136.4, 140.1, 142.6,
153.6, 162.3 (s) ppm, Elemental analysis Calcd. for

Rotamer

Rotamer

Fig. 16 Optimized structures of coumarin —4—7

@ Springer



J Fluoresc (2014) 24:1263-1274

80

Weight (%)

60

40

0 100 200 300 400 500 600
Temperature (°C) Universal V4.2t

Fig. 17 TGA curves of coumarin 4-7

C,H;3NO3: C 77.05, H 4.00, N 4.28 Found: C 76.98, H3.91
and N 9.19.

5-(1H-Benzo[d]imidazol-2-yl)- I-methyl-3H-benzo[f]
chromen-3-one (3)

A mixture of 3-(1H-benzo[d]imidazol-2-yl)naphthalen-2-ol
(1.30 g, 0.005 mol) 4 and ethyl acetoacetate (0.65 g,
0.005 mol) was stirred at room temperature for 22 h in the
presence of conc. H,SO,4 (5 mL). The reaction was monitored
by TLC, after the completion of the reaction the tarry reaction
mass was slowly poured on the crushed ice with stirring. The
solid product obtained was filtered out and washed well with
ice cold water three to four times to get rid of the excess
acidity to obtain the crude product, yield: 1.05 g (65 %).
Further the crude product was recrystallized from 90 % etha-
nol, mp:>300 °C.

FT-IR: 2,980 (Aromatic -CH Stretching), 1,725 (C=0
stretching) 1,624, 1,563, 1,461, (C=C, C=N ring stretching),
1,158, 1,037 (C-O stretching), 868, 744 (Aromatic -CH out of
plane bending) cm .

"H NMR: (DMSO-d,, 300 MHz, ppm) 6=3.20 (s, 3H,
CHa), 7.35 (m, J=7.1, 8.5 Hz, 1H, Ar-H), 7.47-7.53 (m, J=
8.2, 2.4 Hz, 3H, Ar-H), 7.79 (dd, J=8.5, 2.3 Hz, 1H, Ar-H),
7.85-7.89 (m,J=7.5,7.9, 1.8 Hz, 2H, Ar-H), 8.01 (dd, J=8.1,
2.2 Hz, 1H, Ar-H), 8.12 (s, 1H, NH), 8.55 (s, 1H, Ar-H), 8.72
(m, 7.2, 8.3, 1.8 Hz, 1H, Ar-H),"*C NMR: (DMSO-d,,
125 MHz, ppm) =192, 111.2, 114.6, 114.8, 123.5, 125.2,
125.9, 126.3 (s), 126.5 (s), 127.3, 127.7, 128.0, 130.6, 131.7,
132.9, 136.3, 144.3, 147.8, 154.0, Elemental analysis Calcd.
for C1H14N,0,: C 77.29, H 4.32, N 8.58 Found: C 77.12, H
4.29 and N 8.49.

5-(Benzo[d]oxazol-2-yl)-3H-benzo[f] chromen-3-one (6)

A mixture of 3-(benzo[d]oxazol-2-yl)naphthalen-2-01 (1.32 g,
0.005 mol) 2 and 2-hydroxysuccinic acid (0.67 g, 0.005 mol)
was stirred at room temperature for 22 h in the presence of
conc. H,SO4 (5 mL). The reaction was monitored by TLC,

@ Springer

after the completion of the reaction the tarry reaction mass was
slowly poured on the crushed ice with stirring. The solid
product obtained was filtered out and washed well with ice
cold water three to four times to get rid of the excess acidity to
obtain the crude product, yield: 1.04 g (66 %). Further the crude
product was recrystallized from 90 % ethanol, mp: 292-295 °C.

FT-IR: 3,120 (Aromatic -CH Stretching), 1,728 (C=0
stretching) 1,600, 1,563, 1,457, (C=C, C=N ring stretching),
1,180, 1,028 (C-O stretching), 864, 747 (Aromatic -CH out of
plane bending) cm .

"H NMR: (DMSO-ds, 300 MHz, ppm) 56=6.86 (d, J=
8.5 Hz, 1H, Ar-H), 7.32-7.34 (m, J=7.3, 2.7 Hz, 2H, Ar-H),
7.49 (m, J=7.5, 1.9 Hz, 1H, Ar-H), 7.51 (m, J=7.9, 1.9 Hz,
1H, Ar-H), 7.86-7.88 (m, J=7.6, 2.5 Hz, 2H, Ar-H), 7.91—
8.00 (dd, 2H, Ar-H), 8.40 (s, 1H, Ar-H), 8.71 (s, 1H,
Ar-H),"*C NMR: (DMSO-d,, 125 MHz, ppm) 6=111.5,
112.2, 113.1, 119.9, 123.0 (s), 125.7 (s), 126.5 (s), 127.2,
128.2,129.8,130.8, 132.6, 140.2, 142.8, 149.6, 153.5, 162.3.

5-(1H-Benzo[d]imidazol-2-yl)-3H-benzo[f]chromen-3-one
)

A mixture of 3-(1H-benzo[d]imidazol-2-yl)naphthalen-2-ol
(1.30 g, 0.005 mol) 4 and 2-hydroxysuccinic acid (0.67 g,
0.005 mol) was stirred at room temperature for 23 h in the
presence of conc. H,SO,4 (5 mL). The reaction was monitored
by TLC, after the completion of the reaction the tarry reaction
mass was slowly added in to crush ice with stirring. The solid
product obtained was filtered out and washed well with ice
cold water three to four times to get rid of the excess acidity to
obtain crude product, yield: 1.06 g (68 %). Further crude
product was recrystallized from 90 % ethanol, mp:>300 °C.

FT-IR: 2,945 (Aromatic -CH Stretching), 1,722 (C=0
stretching) 1,624, 1,563, 1,459, (C=C, C=N ring stretching),
1,160, 1,037 (C-O stretching), 868, 746 (Aromatic -CH out of
plane bending) cm .

"H NMR: (DMSO-d;;, 300 MHz, ppm) 6=6.86 (d, J=7.2 Hz,
1H, Ar-H), 7.38 (t, J/=7.2, 1.6 Hz, 1H, Ar-H), 7.41 (m, J=7.1,
2.1 Hz, 1H, Ar-H), 7.51 (m, J=7.6, 1.2 Hz, 1H, Ar-H), 7.58 (m,
J=179, 1.5 Hz, 1H, Ar-H), 7.62 (dd, J/=8.1, 2.2 Hz, 1H, Ar-H),
7.70 (m, J=8.1 Hz, 1H, Ar-H), 8.59 (d, /=7.3 Hz, 1H, Ar-H),
8.66 (d, J=8.3 Hz, 1H, Ar-H), 8.76 (s, 1H, Ar-H), 8.91 (d, J=
8.1 Hz, 1H), 9.01 (s, 1H, NH),">C NMR: (DMSO-d,
125 MHz, ppm) 6=111.2, 112.1, 115.2, 116.8, 123.6, 125.1
(s), 126.3 (s), 127.7,129.1, 1,307, 131.2, 133.1, 136.4, 143.0,
144.8, 145.5, 147.3, 153.0, MS (m/z): 312.9 (M+1, 95 %).

Conclusion

To conclude, in this paper we report the synthesis of the novel
fluorescent benzo[f]chromen-3-one (coumarin) derivatives 4—
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7. All the coumarin were well characterized by "H NMR, '*C
NMR and mass spectroscopy. The solvatochromism study for
all the molecules shows that they show absorption in the range
of 314-348 nm while emit in the range of 391-572 nm. Most
of the coumarin show anomalous behavior in DMF of high
emission intensity with fair to good quantum yield. For all the
coumarin the vertical excitations were calculated by using
TD-DFT technique and they are in good correlation with the
experimental absorption maxima. The largest difference be-
tween the computed absorption and the experimental absorp-
tion varies from 5 to 24 nm. The emission intensity continu-
ously decreases as viscosity increases for all compounds. The
thermogravimetric analysis shows that all the coumarin are
thermally well stable up to 302349 °C.
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