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Abstract Novel coumarin derivatives have been synthesized
by the classical Knoevenagel condensation of 4-hydroxy-9-
methyl-9H-carbazole-3-carbaldehyde with active methylene
compounds and characterized. Effect of solvent polarity
on the photophysical properties, absorption and emission
has been studied. The photophysical properties of the syn-
thesized coumarins have been compared with some of the
established analogous coumarin derivatives. Investigation
of the structural parameters and understanding
photophysical properties of the synthesized coumarin de-
rivatives were carried out using Density Functional Theory
(DFT) and Time Dependant Density Functional Theory
(TDDFT) computations. The experimental values were
correlated with the theoretical derived results. The ratio
of the excited state and the ground state dipole moments
was calculated by using solvatochromic and solvatofluoric
data and compared with the values obtained from DFT and
TDDFT computations.
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Introduction

Fluorescent coumarins are known for high quantum yield,
excellent light stability, large Stokes’ shift and low toxicity [1].
They can be tailored easily depending upon the applications.
Due to their excellent fluorescent properties, they have signifi-
cant functional applications in industry and research. They are
widely used as laser dyes [2], fluorescent whiteners [3], organic
nonlinear optical material [4, 5], coumarin derivatives are ex-
tensively investigated as probes for biological applications, in
particular for in vivo imaging of cells in living organisms [6—8].

A series of novel coumarin derivatives linked with an N,N-
dimethylaniline group via cyclopentanonediene on position 4
of the coumarin ring were synthesized and their two-photon
absorbing (TPA) properties were investigated [9]. Among the
coumarin colorants 7-aminocoumarin derivatives are widely
used as blue laser dyes as well as florescence probes in many
chemical and physicochemical studies [10—13]. The fluores-
cence property of the coumarin chromophore system is sig-
nificantly altered by changing the appropriate substituent’s at
the 3- and the 7-position. Coumarin scaffold with electron
donor at 7-position and electron withdrawing groups at 3
positions impart enhanced fluorescence quantum yield, and
bathochromicity [14, 15]. In the case of substituted 7-
aminocoumarin derivatives free rotation of the substituted
amino group influences the fluorescence properties by non-
radiative decay, and hence rigidized 7-amino substitution
enhances the intramolecular charge transfer leading to en-
hanced fluorescence properties [16—18].

In accordance with the above discussion, carbazole is
electron rich planar molecule, which is isoelectronic
with diphenylamine [19, 20]. They are well known as
a conjugated, good hole transporting, electron-donor and
planar compounds. It is of interest in terms of both
optical and electronic applications such as photoconductivity,
photo-refractivity and high charge mobility.
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Carbazole derivatives have been used as fluorescent
markers, charge transfer agents, solar energy collectors, and
nonlinear optical two-photon absorbing materials [21-23].
Carbazole unit has an electron donating influence and carba-
zole containing dyes are known to have excellence photo-
conductivity and relatively intense luminescence [24]. The
thermal stability or the glass state durability of the organic
compounds can be greatly enhanced by the introduction of
carbazole moiety in the core structure [25]. The N-alkyl
carbazole compounds have shown excellent thermal and good
electro-optical properties [26].

Hence, in order to address the above challenges, herein we
prepared new coumarin fused carbazole derivatives and stud-
ied their photophysical properties.

Results and Discussion

The classical Knoevenagel condensation was carried out be-
tween 4-hydroxy-9-methyl-9H-carbazole-3-carbaldehyde 4
and the different active methylene compounds (5a—5d) to give
the respective carbazole based coumarin derivatives 6a—6d.
Here, methylation of 4-hydoxy carbazole 1 gives 4-methoxy-
9-methyl-9H-carbazole 2 and the subsequent Vilsmeier-
Haack formylation of 4-methoxy-9-methyl-9H-carbazole 2
gives mixture of 4-methoxy-9-methyl-9H-carbazole-3-
carbaldehyde 3 and 4-methoxy-9-methyl-9H-carbazole-1-
carbaldehyde 3a. The mixtures of aldehydes were separated
by column chromatography and 4-methoxy-9-methyl-9H-car-
bazole-3-carbaldehyde 3 was subjected to demethylation
using AICl; as a catalyst [27]. The obtained 4-hydroxy-9-
methyl-9H-carbazole-3-carbaldehyde 4 on Knoevenagel con-
densation with the different active methylene moieties such as
malononitrile, 2-cyanomethyl-1,3-benzothiazole, 2,2-dimeth-
yl-1,3-dioxane-4,6-dione (meldrum’s acid) and p-nitrobenzyl
cyanide gives respective carbazole based coumarin
derivatives 6a—6d (Scheme 1).

Photophysical Properties

The coumarin fluorophores 6a—6d synthesized here are yel-
low to orange colored. They are having good blue colored
fluorescence. Figure 1 represents photographs of the synthe-
sized coumarin derivatives in daylight and UV light. These
coumarin derivatives absorb in the range 381-417 nm. The
coumarin 6d has dual absorption in DMF at 417 and 602 nm.
Figure 2a represents overlay absorption maxima of the syn-
thesized coumarins 6a—6d in ethanol. The coumarin deriva-
tives 6a, 6b and 6c¢ absorb at close proximity and a blue
shifted emission is observed in the case of the coumarin 6¢
with carboxylic substitution at the 3rd position to the lactone
ring. The emission maxima of the synthesized coumarin de-
rivatives 6a—6¢ lies in the range of 463—-496 nm, while
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coumarin 6d has dual emission in chloroform, dichlorometh-
ane and DMF. Figure 2b is overlay emission spectra of the
synthesized coumarin derivatives in ethanol showing excel-
lent emissive properties of the coumarin derivatives 6b and 6¢
and the coumarin 6d shows very weak emissive characteris-
tics amongst the coumarin derivatives reported in this paper.
Further the effects of solvent polarity on the absorption and
emission properties of these molecules were studied and the
ratio of excited state dipole moment to the ground state dipole
moment was calculated by the solvatochromic method as well
as DFT and TD-DFT computations.

Solvatochromism and Solvatofluorism

The fluorophores with the donor and acceptor terminals
bridged by the olefinic conjugated systems involves intramo-
lecular charge transfer phenomenon. Such fluorescent mole-
cules are polarized and their photophysical properties are
affected by the properties of the surrounding media. Hence,
we have studied the effect of the solvent polarities on the
photophysical properties of the synthesized dyes. Also, the
synthesized novel coumarin derivatives 6a—6d are subjected
to analysis effect of solvent polarity on their absorption and
emission characteristics. The data obtained are summarized in
Tables S8.

The absorption characteristics of the coumarin derivative
6a with a cyano-substitution at the 3 position are not affected
dramatically by the polarity of the solvents, the absorption
maxima is found to be in the range 398—407 nm. It absorbs
with a maximum intensity in chloroform (Fig. 3). A similar
characteristic is shown by the coumarin analogue 6b whose
absorption maxima range is 399—405 nm. The maximum
absorbance is observed in acetone, while minimum in THF
(Fig. 3). The coumarin 6¢ shows bathochromic shift in ab-
sorption in non polar solvents. It absorbs at 381 nm in polar
solvents while in chloroform and dichloromethane absorption
is seen at 405 nm. Also, a strong absorbance is seen in
dichloromethane and weaker one in THF (Fig. 3). The cou-
marin derivative 6d shows dual absorption at 417 and 603 nm
in DMF, while in all the other solvents the absorption ranges
from 399 to 411 nm. It absorbs with strong intensity in
chloroform while in DMF weak absorption intensity is
observed (Fig. 3).

The synthesized coumarin derivatives have excellent fluo-
rescent characteristics and it is due to the rigid structural
arrangement. We studied the effect of polarity of solvent on
emissive properties of these novel coumarin analogues and the
emission data is summarized in (Table S8, Supporting Info).
Figure 2b represents overlay emission spectra of the synthe-
sized coumarin derivatives in different solvents of different
polarities. The coumarin derivative 6a shows bathochromic
shift in emission maxima from 474 to 491 nm with an increase
in the solvent polarity. In DMF, it has the longest emission
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Scheme 1 Synthesis of coumarin
derivatives 6a—6d
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maxima and has appreciable emission intensity in ethyl ace-
tate and THF (Fig. 4).

It is evident that the coumarin analogue 6b shows
bathochromically shifted emission maxima in the polar sol-
vents. The largest red shift is observed in methanol at 496 nm
while a blue shifted emission maximum is observed in ethyl
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acetate and THF at 468 and 467 nm respectively (Table S8). A
strong emission is observed in acetonitrile, ethanol and meth-
anol Fig. 4. The coumarin analogue 6¢ emits in the range 466—
486 nm. The emission properties of 6¢ show bathochromic
emission in acetone at 482 nm and in acetonitrile at 486 nm;
however, hypsochromic emissions are observed in ethyl
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Fig. 1 UV-light and day-light
images of coumarin derivatives
6a—6d

UV-light

acetate, methanol, and DMF. Figure 4 represents overlay
emission maxima of the fluorophore 6¢ in different solvents
of varying polarity. Fluorophore 6¢ clearly indicates excellent
emissive property in acetone, methanol, acetonitrile and etha-
nol. The coumarin derivative 6d shows a peculiar property of
dual emission in chloroform and dichloromethane. The ob-
served emission shows the first peak at 485 nm and the second
at 606 nm in chloroform, 479 and 566 nm in dichloromethane.
It has blue emission between 481 and 495 nm in polar solvents
such as methanol, acetonitrile and ethanol. It shows a remark-
able bathochromic shift in non-polar solvents. The longest
emission is observed in acetone at 613 nm, while in ethyl
acetate and THF it emits at 564 and 566 nm respectively
(Table 4). Excellent emission intensity is observed in THF
and ethyl acetate. In DMF, the fluorescence is almost
quenched Fig. 4.

The Stokes’ shift values are reported in Tables S8 which
shows that there is an elevation in Stokes’ shift with increasing

solvent polarity for the coumarin analogue 6a. The largest
Stokes’ shift of 95 nm is observed in polar protic solvents and
lower value of 68 nm is observed in chloroform. In the case of
the coumarin 6b similar results are seen, the Stokes’ shift
increases with an increase in solvent polarity. In methanol
the largest Stokes’ shift of 94 nm is observed and the lowest
value of Stokes’ shift 65 nm is observed in chloroform. A clear
increment is depicted in Stokes’ shift by the coumarin 6¢ with
increasing solvent polarity. It emits with the largest Stokes’
shift 105 nm in acetonitrile, and the shortest one 68 nm in
chloroform. As coumarin analogue 6d has distinctive
photophysical properties in chloroform, dichloromethane
and DMF, in these solvents two emissions are observed, hence
it has two Stokes’ shifts in each solvent. In chloroform,
Stokes’ shift of 74 and 195 nm are observed for the emission
maxima of 485 and 606 nm. In dichloromethane, Stokes’ shift
of 68 and 197 nm are observed corresponding to the emission
at 479 and 608 nm. In DMF, dual absorption as well as
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emissions are observed and the corresponding Stokes’ shifts
are 86 and 72 nm. In the remaining non polar solvents such as
acetone, THF quite impressive large Stokes’ shifts ranging
from 205 nm in acetone to 155 nm in THF are observed. From
Table S8, the fluorescence excitation maxima of the coumarin
analogue 6a have nearly same values. The coumarin deriva-
tives 6b and 6¢ shows excitation maxima at longer wave-
length than the absorption maxima (Fig. 3). In the case of
the coumarin 6d for two emission two different excitation
maxima are recorded. These excitation maxima are more red
shifted than the absorption maxima except in methanol, and
DMF, excitation maxima corresponding to the emission at
481 nm, in methanol and 503 nm in DMF have hypsochromic
shift than the respective absorption maxima.

The spectral properties of the model dye 6b were compared
with established dyes 7-9. The comparative data are summa-
rized in Table 1. It is clearly evident that the dye 6b displayed
a remarkable hypsochromic shift in absorption and emission
properties and a comparatively larger Stokes’ shift relative to
the established dyes 7 and 9, while it is matching with dye 8.
This is because of two nitrogen donor group are present at 6, 7
position of coumarin scaffold as compared to dye 6b.

330 350 370 390 410 430 450
Wavelength (nm)

320 370 420 470 520 570 620 670
Wavelength (nm)

Dipole Moment Determination by Solvatochromic Method

These synthesized coumarin analogues show remarkable ef-
fect of solvent environment on their photophysical properties.
The intramolecular charge transfer in the molecule induces
dipole moment. As photophysical properties are dependent on
the extent of solute-solvent interaction and subsequently oc-
curring intramolecular charge transfer phenomenon between
donor and acceptor terminals. A prior knowledge of dipole
moment of electronically excited short-lived species is of great
importance in revelation of the nature of excited state,
designing non linear optical material and parameterization
of semi-empirical quantum chemical procedures of these
states [28]. Among the techniques available for elucida-
tion of the ground and excited state dipole moments, the
most accepted technique is based on Lippert-Mataga
equation [29-32]. This method is based on the shifts in
the absorption and emission maxima with polarity func-
tions of solvents, expressed by the relative permittivity (¢)
and refractive index (1) of the solvent medium [33].
Hence solvatochromism and solvatofluorism are found
to be excellent tools to evaluate the ground state and
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excited state dipole moments of the short-lived species
[34-43].

The ratio of ground to excited state dipole moment
of the synthesized novel coumarin dyes 6a—6d calculat-
ed by using Bakhshiev [44] and Bilot-Kawski correla-
tions [45-47]. It is to be noted that the formation of
molecular complexes and hydrogen bonding does not
accounted in the Lippert-Mataga relationship. It is to
be noted that the formation of molecular complexes
and hydrogen bonding does not account in the
Lippert-Mataga relationship. A detailed theory for the
calculation of dipole moment is described in supporting
information [44, 45]. The calculated values of dipole
moment in Table 2 demonstrate that the dyes 6c¢ and
6d have highly polar excited state than the ground state,
which accounts for the prominent charge transfer pro-
cesses occurring in the excited state. While in the dyes
6a and 6b the ground state has higher dipole moment
than the excited state indicating that the charge transfer
processes occur in the ground state rather than in the
excited state.

@ Springer
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Computational Results

The different frontier molecular orbitals were studied to un-
derstand the electronic transition and charge delocalization
within these donor-7t-acceptor rigid chromophores. To gain
further information about the structure orientation, electronic,
photophysical and molecular properties of the compound we
have performed theoretical calculations using density func-
tional theory [B3LYP/6-31G(d)]. The angular twist of couma-
rin 6d is shown in Fig. 5. The optimized structures for cou-
marins 6a-6d are shown in Table 3. Frontier molecular or-
bital’s of the dyes show that the LUMO of the compounds are
invariably constituted by the chomone ring and electron ac-
ceptor unit like —CN, —NO,, benzothiazoles and carboxylic
acid group. HOMO is mainly on the N- methyl carbazole core.
It is interesting to note that the HOMO of coumarin 6b is
spread over the carbazole and coumarin fragment but for other
dyes it is mainly on carbazole core (Table 4). The comparative
increase and decrease in the energy of the occupied
(HOMO?s) and virtual orbitals (LUMO’s) gives a qualitative
idea of the excitation properties and the ability of donor or
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Table 1 Comparison of the spectral properties in CHCl; of the coumarin 6b with related analogues

Coumarin Structure Aaps (NM) Aem (NM) AA (nm)
Coumarin 6b 405 470 65
)
Coumarin 7 L @ffs 445 491 46
)N O (0]
\ N
N / 501 566 65
Coumarin 8 [ o S
)N O (0]
5
/
Coumarin 9 NS 477 520 43

acceptor properties of the compounds. First allowed and the
strongest electron transitions with largest oscillator strength
usually correspond almost exclusively to the transfer of an
electron from HOMO—LUMO (Tables 5, 6, 7, and 8) and
shows the energies of different molecular orbitals involved in
the electronic transitions of these coumarin dyes in different
solvents. It is observed that the charge transfer band for all
four dyes are mainly due to the electronic transition from
highest occupied molecular orbital (HOMO) to lowest unoc-
cupied molecular orbital (LUMO) whereas the other shorter
electronic excitation is due to the HOMO-1-LUMO+1

Table 2 Excited state and ground state Dipole moment (in Debye) ratio
value for coumarins 6a—6d

Coumarin | my +mj | | m—m; | Lte
He
6a 247.7 2237.6 0.11
6b 163.1 2519.7 0.06
6¢c 6242.4 3178.4 1.96
6d 9608.9 5160.4 1.86

transition for the coumarin 6a. Noteworthy coumarins 6a—
6d showed a good correlation between the experimentally
obtained absorption wavelength maxima and TD-B3LYP/6-
31G(d) computed vertical excitation for these dyes (Table 9).

We have also performed theoretical calculation to calculate
emission by TD-[B3LYP/6-31G(d)]. The experimental emis-
sions of the coumarins 6a—6d in the solvents of different
polarities were compared with the emission obtained by TD-
DFT computations (Table 9). The difference between the
experimental emission and the computed emission is large in
the polar solvents (methanol, ethanol, and DMF) as compared
to the non-polar solvents (acetonitrile, DCM, chloroform,
ethylacetate, acetone and THF).

The dipole moments of the coumarins 6a—6d were com-
puted in different solvents by DFT and TD-DFT (Table 10) to
investigate the electronic behavior from the ground state (S)
to the excited state (S;) in different solvents. The dipole
moments of the coumarins 6b—d are more in the excited state
as compared to the ground state; this is due to the fact that the
excited state of the coumarins 6b—6d is stabilized by salvation
or hydrogen bonding with different solvents. In the case of the
compound coumarin 6a, the dipole moments are lower for the

@ Springer
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Fig. 5 Angular twist in coumarin
derivative 6d

Table 3 Ground state optimized structures of coumarin 6a-d at B3LYP/6-31G(d) level of computation

Comp Front view Cross view

6a

6b

6c

P s

6d
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Table 4 Frontier molecular orbital’s and its energy of coumarins 6a—d in the ground and the excited state in acetonitrile solvent

Coumarin HOMO LUMO

excited state (S;) and higher for the ground state (Sy); the coumarins 6a and 6d. The trends in the dipole
this is due to the fact that the ground state (S;) of the = moment values reveal that the dipole moments of the
coumarin 6a is stabilized by the salvation or hydrogen = coumarins 6a—6d are higher in the polar solvents as
bonding with the different solvents. The coumarin 6b  compared to the non-polar solvents which can be attributed
and 6¢ shows a lower dipole moment as compared to  to the solvation effect.

@ Springer
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Table 5 Observed UV-Visible

absorption and computed Solvent Experimental® TD-B3LYP/6-31G(d)°
absorption of coumarin 6a in
different solvents N () Vext'ica.l Oscillator strength, Major contribution®
exct excitation (nm) f(au.)
MDC 407 394 0.3777 H—L (0.6614)
270 0.4396 H-1-L +1 (0.6352)
THF 401 394 0.3730 H—L (0.6753)
270 0.4366 H-1-L +1 (0.6347)
Chloroform 407 393 0.3854 H—L (0.6772)
270 0.4483 H-1—L +1 (0.6369)
Ethyl acetate 398 393 0.3646 H—L (0.6737)
270 0.4309 H-1-L +1 (0.6336)
Acetone 401 395 0.3585 H—L (0.6728)
270 0.4220 H-1—L +1 (0.6317)
Ethanol 404 395 0.3590 H—L (0.6729)
270 0.4220 H-1-L +1 (0.6317)
* Experimental excitation Methanol 401 395 0.3493 HoL (0.6711)
wavelength Aexeq
b TD-B3LYP/6-3 1G(d) 270 0.4140 H-1-L +1 (0.6300)
computations Acetonitrile 404 395 0.3538 H—L (0.6720)
¢ Electronic transitions (CI 270 0.4174 H-1-L +1 (0.6307)
expansion coefficient for DMF 404 396 0.3780 H—L (0.6763)
given transition); H=HOMO; 270 0.4361 H-1-L +1 (0.6344)
L=LUMO
Experimental solvents using density functional theory [48] and Polar-

Materials and Equipments

All the commercial reagents and solvents were procured from
s. d. fine chemicals (India) and used as received without any
further purification. The reaction was monitored by TLC
using 0.25 mm E-Merck silica gel 60 F,s4 precoated plates,
which were visualized with UV light. Melting points were
measured on standard melting point apparatus from Sunder
industrial product Mumbai, and are uncorrected. The FT-IR
spectra were recorded on a Jasco- 4100 FT-IR Spectrometer.
"H NMR spectra were recorded on Bruker 500 MHz and VXR
300 MHz instrument respectively using tetramethylsilane
(TMS) as an internal standard. The visible absorption spectra
of the compounds were recorded on a Spectronic Genesys 2
UV-Visible spectrophotometer. Fluorescence spectra of the
compounds were recorded on Varian Cary eclipse
spectrofluorimeter.

Computational Details

The ground state geometry of the compounds 6a—6d
(Table 3) in their Cs symmetry were optimized using
the tight criteria in vacuum and in polar (DMF, ethanol,
methanol, acetonitrile, and acetone) and non-polar
(ethylacetate, chloroform, dichloromethane, and THF)

@ Springer

izable Continuum Model (PCM) [49, 50]. The function-
al used in this study was B3LYP. The B3LYP method
combines Becke’s three parameter exchange functional
(B3) with the nonlocal correlation functional by Lee,
Yang, and Parr (LYP)[51]. The basis set used for all
atoms was 6-31G(d) the latter has been justified in the
literature for the current investigation [52, 53]. The
vertical excitation energies at the ground-state equilibri-
um geometries were calculated with TD-DFT [54-56].
The low-lying first singlet excited state (S1) of each
tautomer was relaxed using the TD-DFT to obtain its
minimum energy geometry. For computing the emis-
sions the difference between the energies of the opti-
mized geometries in the first singlet excited state and
the ground state was used [57-59]. All electronic struc-
ture computations were carried out using the Gaussian
09 program [60].

Synthesis and Characterization

Synthesis of 4-Methoxy-9-Methyl-9H-Carbazole (2)

Sodium hydride 60 % (5.45 g, 136.45 mmol) was charged
in 30 ml of dry THF and cooled to 0 °C under nitrogen

atmosphere. 9H-Carbazole-4-ol (12.48 g, 68.22mmole)
was added in 30 ml THF to it slowly maintaining
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Table 6 Observed UV-Visible

absorption and computed Solvent Experimental® TD-B3LYP/6-31G(d)°
absorption of coumarin 6b
in different solvents N () VerFica'l Oscillator Major contribution®
exct excitation (nm) strength, f'(a.u.)
MDC 405 420 1.0163 H—L (0.7023)
279 0.4080 H-1-L +1 (0.4975)
THF 399 420 1.0120 H—L (0.7022)
279 0.4124 H-1-L +1 (0.5061)
Chloroform 405 419 1.0315 H—L (0.7024)
279 0.4335 H-1—-L +1 (0.5337)
Ethyl acetate 399 418 1.0035 H—L (0.7020)
279 04154 H-1-L +1 (0.5166)
Acetone 399 420 0.9879 H—L (0.7018)
280 0.3734 H-1—L +1 (0.4655)
Ethanol 402 420 0.9879 H—L (0.7018)
280 0.3695 H-1—L +1 (0.4612)
* Experimental excitation Methanol 402 420 0.9748 HoL (0.7015)
wavelength Aexeq
b TD-B3LYP/6-3 1G(d) 280 0.3602 H-1-L +1 (0.4548)
computations Acetonitrile 402 420 0.9804 H—L (0.7017)
¢ Electronic transitions 280 0.3609 H-1-L +1 (0.4540)
(CI expansion coefficient for DMF 402 422 1.0105 H—L (0.7023)
given transition); H = HOMO; 280 0.3716 H-1-L +1 (0.4568)

L=LUMO

temperature of reaction mass at 0 °C. Stirred for 30 min
and then methyl iodide (8.70 ml, 136.45 mmol) was
added. The reaction mass thus obtained brought to room
temperature and stirred for 2 h under nitrogen atmosphere.
Completion of the reaction was monitored by TLC. After
completion of reaction, excess of sodium hydride is
quenched by adding t-butyl alcohol under cooling condi-
tions. Solvent was distilled out and added cold water to
the residual mass stirred well and filtered. Crude 4-
methoxy-9-methyl-9H-carbazole (2) obtained thus was
purified by column chromatography on silica 60—
120 mesh using toluene as eluent. Yield=93 %; Melting
point=146-148 °C.

Synthesis of 4-Methoxy-9-Methyl-9H-Carbazole
Carbaldehyde (3)

Phosphorous oxychloride (4.9 ml, 52.00 mmol) was added
drop wise to DMF (17 ml, 219.53 mmol) at 0-5 °C, and stirred
for 30 min maintaining the temperature 0-5 °C. 4-Methoxy-9-
methyl-9H-carbazole 2 (10 g, 47.00 mmol) dissolved in 20 ml
DMF was added drop wise within 30 min maintaining tem-
perature between 0 and 5 °C. Stirring was continued for next
20-30 min, reaction mixture was then brought to room tem-
perature and heated at 70-75° C for 1 h. Completion of the
reation was monitored by TLC, shows formation of two major
products. The obtained reaction mass poured into crushed ice
stirred well and neutrilised with sodium bicarbonate.

Precipitate obtained was filtered off and dried. The crude
product contains mixture of 4-methoxy-9-methyl-9H-carba-
zole-3-carbaldehyde (3) and 4-methoxy-9-methyl-9H-carba-
zole-1-carbaldehyde (3a). Separation of two individual com-
pounds and purification was carried out by column chroma-
tography on silica 100-200 mesh and using toluene as eluent.

Yield=48 %; Melting point=120-122 °C.

FT-IR (cm™')=2844 (C-H aldehyde), 1662 (C=0), 1589
(C=C, aromatic).

"H NMR (CDCls, 300 MHz)=5 10.50 (s, 1H), 8.27 (d,
1H,J=8.4Hz),8.01 (d, 1H,J=8.4 Hz), 7.55 (t, 1H, J=7.7
& 7.3 Hz), 7.46 (d, 1H, J=7.7 Hz), 7.36 (t, 1H, J=8.0,
7.7Hz)7.25 (d, 1H, J=8.0 Hz), 4.19 (s, 3H), 3.90 (s, 3H).

Synthesis of 4-Hydroxy-9-Methyl-9H-Carbazole-3-
Carbaldehyde (4)

4-Methoxy-9-methyl-9H-carbazole-3-carbaldehyde 3 (4 g,
16.74 mmol) dissolved in 20 ml of dry CH,Cl, was added
to a solution of AICl; (8.8 g, 66 mmol) in 50 ml dry CH,Cl,
slowly in 30 min at 0 °C. The reaction mixture was further
stirred at room temperature for 4 h. completion of reaction was
monitored by TLC. The excess of AICl; was neutralized with
0.1 N HCl stirred well and extracted with CH,Cl, The solvent
was evaporated and obtained residue was purified with col-
umn chromatography using toluene as eluent.
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Table 7 Observed UV-Visible

absorption and computed Solvent Experimental® TD-B3LYP/6-31G(d)°
absorption of coumarin 6¢
in different solvents N VerFica'l Oscillator Major contribution®
exct excitation (nm) strength, f'(a.u.)
MDC 405 388 0.3837 H—L (0.6773)
269 0.4748 H-1-L +1 (0.6394)
THF 396 387 0.3786 H—L (0.6764)
269 0.4719 H-1-L +1 (0.6388)
Chloroform 405 386 0.3892 H—L (0.6777)
269 0.4836 H-1—L +1 (0.6406)
Ethyl acetate 396 386 0.3697 H—L (0.6747)
269 0.4664 H-1-L +1 (0.6378)
Acetone 399 388 0.3660 H—L (0.6746)
269 0.4574 H-1-L +1 (0.6364)
Ethanol 384 389 0.3667 H—L (0.6748)
269 0.4574 H-1-L +1 (0.6364)
* Experimental excitation Methanol 381 388 0.3574 HoL (0.6731)
wavelength Aexeq
b TD-B3LYP/6-3 1G(d) 269 0.4496 H-1-L +1 (0.6350)
computations Acetonitrile 381 389 0.3619 H—L (0.6740)
¢ Electronic transitions (CI 269 04529 H-1-L +1 (0.6356)
expansion coefficient for given DMF 381 390 0.3855 H—L (0.6780)
transition); H = HOMO; 269 04712 H-1-L +1 (0.6389)

L=LUMO

Yield=67 %; Melting point=156—158 °C.

FT-IR (cm ™ ")=2834 (C-H aldehyde) 1739 (C=0), 1591
(C=C, aromatic).

Mass=m/z 226 (M+1).

'"H NMR (CDCl;, 300 MHz)=9.88 (s, 1H), 8.38 (d,
1H, J=7.7 Hz), 7.55(d, 1H, J=8.4 Hz) 7.50 (t, 1H,
J=7.7 & 8.4 Hz), 7.42 (d, 1H, J=8.0 Hz), 7.35 (4,
1H, J=7.7, 8.8 Hz), 7.00 (d, 1H, J=8.8 Hz), 4.77
(bs, 1H, OH), 3.87 (s, 3H).

Synthesis of 7-Methyl-2-Oxo-2, 7-Dihydropyrano[3,2-c]
Carbazole-3-Carbonitrile (6a)

4-Hydroxy-9-methyl-9H-carbazole-3-carbaldehyde (0.4 g,
1.8 mmol) and malononitrile (0.13 g, 2.0 mmol) was dissolved
in 20 ml ethanol, catalytic amount of piperidine was added to
it and refluxed for 2 h, bright yellow crystalline compound
separate out. Completion of reaction was monitored by TLC.
Reaction mass filtered and crude product obtained was puri-
fied by column chromatography using silica 100-200 mesh
and toluene as eluent.

Yield=68 %; Melting point =>300 °C.

FT-IR (cm )=2221 (CN), 1724 (coumarin lactone).
Mass = m/z 275 (M+1).

@ Springer

"HNMR (CDCl;, 500 MHz) = § 8.56 (d, 1H, J=7.5 Hz),
8.31(s, 1H), 7.61 (t, 1H, J=8, 7.5 Hz), 7.56 (d, 1H, J=
8.5 Hz), 7.52 (d, 1H, J=8 Hz), 7.44 (t, 1H, J=7.5,
7.5 Hz), 7.40 (d, 1H, J=8.5 Hz), 3.97 (s, 3H).

Synthesis of 3-(Benzo[d] Thiazole-2-yl)
-7-Methylpyrano[3,2-c]Carbazole-2(7H)-One (6b)

4-Hydroxy-9-methyl-9H-carbazole-3-carbaldehyde
(0.4 g, 1.8 mmol) and 2-cyanomethyl-1,3-benzothiazole
(0.34 g, 2.0 mmol) was stirred in 20 ml ethanol. Cata-
lytic amount of piperidine was added to it and refluxed
for 2 h, yellow product precipitate out. Completion of
reaction was monitored by TLC. Yellow colored com-
pound thus obtained was filtered and purified by column
chromatography using silica 100200 mesh and toluene as
eluent.

Yield=84 %; Melting point=278-280 °C.

FT-IR (cm ")=1701 (C=0), 1582 (C=C, aromatic).
Mass=m/z 383 (M+1).

"H NMR (CDCls, 500 MHz)=5 9.24 (s, 1H) 8.68 (d, 1H,
J=7.3 Hz), 8.09 (d, 1H, J=8.4 Hz), 7.99 (d, 1H, J=
9.1 Hz), 7.76 (d, 1H, J=8.8 Hz), 7.63-7.41 (m, 6H),
3.96 (s, 3H).
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Table 8 Observed UV-Visible
absorption and computed
absorption of coumarin 6d

in different solvents

# Experimental excitation
wavelength Ay

° TD-B3LYP/6-31G(d)
computations

¢ Electronic transitions

(CI expansion coefficient for
given transition); H = HOMO;
L=LUMO

Synthesis of 7-Methyl-2-Oxo-2, 7-Dihydropyrano[3,2-c]

Solvent Experimental® TD-B3LYP/6-31G(d)°
N VerFica'l Oscillator Major contribution®
exct excitation (nm) strength, f'(a.u.)

MDC 411 464 0.5432 H—L (0.7036)

355 0.3218 H—L +1 (0.6891)
THF 411 463 0.5429 H—L (0.7036)

355 0.3135 H—L +1 (0.6895)

281 0.3074 H-2—L +1 (0.4788)
Chloroform 411 458 0.5674 H—L (0.7033)

353 0.2937 H—L +1 (0.6908)

280 0.2297 H-2—L +1 (0.5774)
Ethyl acetate 405 460 0.5418 H—L (0.7036)

354 0.3016 H—L +1 (0.6899)

280 0.2657 H-2—L +1 (0.5390)
Acetone 408 468 0.5147 H—L (0.7040)

356 0.3374 H—L +1 (0.6873)
Ethanol 402 469 0.5134 H—L (0.7040)

356 0.3406 H—L +1 (0.6871)
Methanol 399 469 0.5036 H—L (0.7041)

356 0.3411 H—L +1 (0.6866)
Acetonitrile 411 470 0.5067 H—L (0.7041)

357 0.3433 H—L +1 (0.6866)
DMF 417 471 0.5257 H—L (0.7039)

603 357 0.3503 H—L +1 (0.68692)

Carbazole-3-Carboxylic Acid (6¢)

4-Hydroxy-9-methyl-9H-carbazole-3-carbaldehyde (0.4 g,
1.8 mmol) and Meldrum’s acid (0.26 g, 1.8 mmol) was stirred

Table 9 Observed and computed emission of coumarin 6a—6d

in 20 ml ethanol. Catalytic amount of piperidine was added to
it and heated to reflux for 2 h, bright yellow crystal separate
out. Completion of the reaction was monitored by TLC.

Filtered the reaction mass and crud product obtained was
purified by recrystallization in methanol solvent.

Solvents 6a 6b 6¢c 6d
G om RIS m DERY g DT g 2
Exp.* emission (nm)° Exp.* emission (nm)° Exp.* emission (nm)® Exp.* emission (nm)°
Dichloromethane 477 436 473 459 476 427 479 505
THF 474 435 467 457 470 427 566 502
Chloroform 475 432 470 452 473 424 485 494
Ethyl acetate 474 434 468 455 469 425 564 499
Acetone 484 438 480 463 482 430 613 514
Ethanol 496 438 491 464 470 430 495 515
Methanol 496 439 496 465 463 431 481 517
Acetonitrile 488 439 485 465 486 431 491 518
DMF 491 439 488 465 466 431 503 517

* Experimentally recorded emission maxima
® Emission computed using TD-B3LYP/6-31G(d) level
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Table 10 The dipole moments of the coumarins 6a—d were computed in different solvents by DFT and TD-DFT

Solvent medium 6a 6b 6¢ 6d
Hg pe Hg pe Hg pe Mg pe

Dichloromethane 14.4 14.2 9.3 10.2 9.7 9.9 14.3 15.0
THF 14.3 14.0 9.2 10.0 9.6 9.8 14.2 14.8
Chloroform 13.8 13.8 8.8 9.6 9.3 9.4 13.8 14.1
Ethyl acetate 14.1 14.8 9.0 9.9 9.5 9.6 14.0 14.5
Acetone 14.9 14.6 9.6 10.6 10.1 10.3 14.7 15.5
Ethanol 14.9 14.7 9.6 10.6 10.1 10.4 14.8 15.6
Methanol 15.0 14.8 9.7 10.7 10.2 10.5 14.8 15.7
Acetonitrile 15.0 14.8 9.7 10.7 10.2 10.5 14.8 15.8
DMF 15.0 14.8 9.7 10.7 10.2 10.5 14.9 15.8

Yield=81 %; Melting point=271 °C (decomposes).
FT-IR (cm ')=1742 (C=0), 1584 (C=C, aromatic).
Mass=m/z 294 (M+1).

"H NMR (CDCls, 500 MHz)=6 12.92 (bs, 1H), 8.92 (s,
1H), 8.35(d, 1H,J=7.5Hz), 7.95 (d, 1H, J=8.5 Hz), 7.77
(d, 1H,J=8Hz),7.71 (d, 1H, J=8.5Hz), 7.61 (t, 1H, J=7,
8 Hz), 7.43 (t, 1H, J=8,7 Hz), 4.00 (s, 3H).

Synthesis of 7-Methyl-3-(4-Nitrophenyl)Pyrano[3,2-c]
Carbazole-2(7H)-One (6d)

4-Hydroxy-9-methyl-9H-carbazole-3-carbaldehyde (0.4 g,
1.8 mmol) and p-nitrobenzyl cyanide (0.29 g, 1.8 mmol)
was dissolved in ethanol. To this solution catalytic amount
of piperidine was added and refluxed for 2 h to give dark
yellow product. Completion of reaction was monitored by
TLC. Filtered the reaction mass and crud product obtained
was purified by column chromatography using 100-200 mesh
silica and toluene as eluent.

Yield=81 %; Melting point=290-292 °C.

FT-IR (cm ")=1650 (C=0), 1586 (C=C, aromatic).
Mass=m/z 370 (M+1).

"HNMR (CDCls, 500 MHz)=5 9.00 (s, 1H), 8.63 (d, 1H,
J=7 Hz), 8.29 (d, 2H, J=8.5 Hz), 8.14 (d, 1H, J=7 Hz),
7.70-7.65 (m, 2H), 7.56 (t, 1H, J=7.5, 7 Hz), 7.49 (d, 2H,
J=8.5Hz), 7.34 (t, 1H, J=7.5, 7.5 Hz), 3.95 (s, 3H).

Conclusion

In conclusion, we have successfully synthesized novel cou-
marin analogues 6a—6d with a rigid donor N-methyl-4-hy-
droxy carbazole. These coumarin derivatives are highly fluo-
rescent and emits in the blue region. Coumarin dyes 6a—6¢
absorb in the region 463 to 496 nm, while 6d shows dual

@ Springer

absorption in DMF and dual emission in chloroform, dichlo-
romethane and chloroform, it has largest Stokes’ shift of
205 nm in acetone. These properties observed in 6d are due
to intramolecular charge transfer induced by solute-solvent
interaction. All these synthesized coumarin derivatives are
sensitive towards solvent polarity and shows good to excellent
solvatochromism and solvatofluorism characteristics. Dipole
moment calculations show that in case of dyes 6a and 6b
ground state is more polarized than the excited state. While in
dyes 6¢ and 6d excited state is more polarized than the ground
state.
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