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Photophysical behavior of several structurally related electron deammeptor flavone derivatives, which

have been synthesized and characterized, has been studied as a function of the polarity of the media. Significant
variation of the absorption and fluorescence response of the systems has been observed with change in the
polarity of the medium. The results show an increase in the radiative rate constant and a decrease in the
nonradiative rate constant of the systems with increase in the polarity of the media. This finding has been
attributed to the change in the nature of the emitting state from a mixed and 7—s* state to a dominant

s—* state with increase in the polarity of the medium. The results of single-crystal diffraction studies and
theoretical calculations based on density functional method support the idea of close proximity efithe n
andsz—* states and the change in their relative contributions toward the emission process with the polarity
of the medium. Laser flash photolysis studies show that the triplet state is not involved in the variation of the
fluorescence response of the systems.

1. Introduction CHART 1

Ever since Sengupta and Kasha reported dual fluorescence
of 3-hydroxyflavone (3HF}, considerable attention has been
paid to this system and its various derivatives by the
photophysicistd-16 A majority of these studies are focused on
the excited-state intramolecular proton transfer (ESIPT) reaction
in 3HF, which is responsible for its blue and green fluorescence,
attributed respectively to the normal form and the tautomer, the
latter produced as a result of ESIPT reactioh Specifically,
the influence of several extraneous factors such as the polarity, |
viscosity and hydrogen bond donating ability of the solvents ~Me”
and temperature etc. on the dynamics of ESIPT process and
steady-state fluorescence response of the molecule has been
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investigated in detaf=® While ESIPT is the major theme of

. . 5AMF
research as far as 3HF is concerned, ground state intermolecular DMAMF

proton transfer in the system has also been demonstrated G O
recently’%11Several recent studies have been aimed at exploring N 0
the potential applications of the flavone derivativés® These |
o
o l\llle

AMF 4AMF

include studies on the utility of the systems as fluorescence
probes for ratiometric detection of apoptoSignvestigation of

the antioxidant and antihemolytic effeégrobing hydrophobic 6AMF
sites in microheterogeneous systéfrand sensing of adenosine-
5'-triphosphat& and fluoride!® position (7-diethylamino-3-methoxyflavone), which has also

The influence of charge-transfer character on the ESIPT been studied’ shows a higher fluorescence quantum yield with
process in 3HF derivatives comprising electron/charge donatingincrease in the polarity of the solvents. However, no attention
moiety has been studied in recent years by Chou and co-workerswas paid to this observation as excited-state intramolecular
in an attempt to obtain insight into the proton-transfer coupled charge transfer (ESICT) coupled ESIPT reaction was the focus
electron-transfer reactions in living syste#i48In most cases, of this study.
the charge-transfer character has been introduced into these The enhancement of fluorescence efficiency of electron
systems by substituting the hydrogen atom of the flavones by donoracceptor (EDA) systems in polar environment is some-
an amino functionality mostly at C(4 position. A flavone what uncommon as most systems of this class exhibit a decrease
derivative with an electron donating amino moiety at C(7) of the fluorescence efficiency and lifetime and consequent

increase of the nonradiative rate constant values with increase

* Corresponding author. E-mail: assc@uohyd.ernet.in. in the solvent polarity>2! This observation is attributed
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primarily to the fact that EDA systems emit from an intramo-
lecular charge transfer (ICT) state, which is more polar than
the ground state. An increase in the polarity of the medium
results in a lowering of the 1SS, energy gap due to greater
stabilization of the excited-state and consequent increase in the
rate of the nonradiative transition to the ground state. An
additional factor that often contributes to a further reduction of
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fluorescence efficiency of a majority of the systems is the 300 350 400
internal motion of the amino/dialkylamino moiety or inversion Wavelength (nm)
of the amino nitrogen. Figure 1. Absorption spectra of (aAMF in some solvents and (b)

We have undertaken this study on a series of 7-amino-3- selected aminomethoxyflavone derivatives in a given solvent, 1,4-
methoxyflavone derivatives (Chart 1) comprising different 9ioxane at room temperature.
amino groups as donor and the carbonyl group of the flavone
moiety as acceptor primarily to find out whether all structurally published elsewher®:2* The amino derivatives were subse-
similar 7-amino substituted flavone derivatives show an en- quently synthesized from IMF following copper-mediated
hancement of fluorescence efficiency with increase in polarity Ullmann-type reaction (Scheme 1) recently reported by°us.
of the medium and, if this is indeed the case, to find out the The details of the synthetic procedure are as follows.
reason for this observation. We have chosen the various 2.2.1. Acyclic Analogues, AMF and DMAMFo a stirred
structurally related amino moieties with a view to examine the mixture of IMF (100 mg, 0.264 mmol), cesium acetate (120
influence of the nature of the amino group, if any, on the mg, 0.62 mmol), and Cul (5 mol %) in 1.5 mL dry DMSO, dry
fluorescence response of the systems. We have used thé\Hsgas (forAMF) or Me;NH (for DMAMF ) was passed over
3-methoxy derivatives of flavone instead of 3HF to avoid KOH for 15 min. The dry NH or Me;NH was generated by
complications from the ESIPT process. adding KOH to an aqueous solution of the respective amines

The fluorescence properties of the systems, in particular the @nd stirring it for 15 min. The reaction mixture was kept for
fluorescence efficiency, show strong dependence on the polarityStirring at room temperature for 24 h under sealed condition
of the medium. The results have been interpreted taking into after purging N and subsequently heated for anatiéeh at
consideration the proximity of two excited states of different 30 °C. The resulting solution was taken up in ethylacetate and
symmetries and the change of the nature of the state from awashed with brine solution. The organic layer was dried over
mixed n—* and 7—x* state to a purer—x* state with increase anhydrous Nz50O,, filtered, and concentrated. The crude product
in the polarity of the medium. Excited-state calculations of the Was then purified by column chromatography on basic alumina

frontier orbitals based on the FEDFT method support the — (EtOAc/hexane= 20/80) to give the brown materials.
experimental data and the above conclusion. 2.2.2. Cyclic Analogues, 4AMF, 5AMF, and 6AMFo a

solution of IMF (100 mg, 0.264 mmol) in dry DMSO (1.5 mL)
the corresponding amine (1.2 mmol) and cesium acetate (120
mg, 0.62 mmol), Cul (5 mol %) were added and the solution

2.1. Materials. 3-lodophenol, acetyl chloride, cuprous iodide, was heated to 4890 °C (depending on the boiling point of the
cesium acetate, benzaldehyde and dimethyl sulfate used for theamine) under N atmosphere for 24 h. After being cooled to
synthesis of the target compounds were purchased from Acrosroom temperature, the reaction was quenched with water,
and used without any further purification. Aqueous solution of extracted with EtOAc (50 mL) and the organic layer was washed
ammonia, methylamine and pyrrolidine, piperedine were pur- with brine solution (100 mL). The organic layer was dried over
chased locally and azetidine was purchased from Acros. All anhydrous Nz5Q; and concentrated through evaporation. The
solvents used for spectroscopic measurements (HPLC-gradeproduct was purified through column chromatography (basic
were purchased from Merck (Germany) and were distilled and alumina, EtOAc/hexane= 30/70) as a brown solid.
dried by the published proceduteCDCl; used as solvent for The compounds were confirmed by following analytical data.
recording the NMR spectra was procured from Merck. AMF. H NMR (400 MHz, CDC}): 6 8.03-8.05 (m, 3 H),

2.2. Synthesis of Methoxyflavone DerivativesThe meth- 7.48-7.50 (m, 3 H), 6.6%#6.69 (m, 1 H), 6.63 (s, 1 H), 4.26
oxyflavone derivatives were synthesized in a multistep process. (s, 2 H), 3.87 (s, 3 H). Anal. Calcd for;gH13NO3z: C, 71.90;
First, 7-iodo-3-methoxy-2-phenyl-chromen-4-one (IMF) was H, 4.90; N, 5.24. Found: C, 71.83; H, 4.97; N, 5.21. LCMS:
synthesized starting from 3-iodophenol following a procedure m/z 268 (M + H™).

2. Experimental Section
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TABLE 1: Absorption and Emission Spectral Data of the Systems in Various Solvents at Room Temperature

systems
AMF DMAMF 4AMF 5AMF 6AMF
solvens A - Y Y . A
toluene (33.9) 324 410 355 435 348 443 360 440 350 442
dioxane (36.0) 324 423 355 450 348 455 360 453 351 455
THF (37.4) 335 442 356 468 349 475 361 472 353 472
EtOAcC (38.1) 335 442 353 470 348 476 359 472 349 472
acetone (42.1) 339 457 359 492 352 497 362 495 355 495
ACN (45.6) 340 465 360 502 353 510 365 505 356 510
DMSO (45.1) 350 495 366 525 362 528 371 527 363 526
EtOH (51.9) 352 495 369 520 365 525 375 522 366 525

a Quantities in the parenthesis indicate &g30) values of the solventdex. = 350 nm.

DMAMF. H NMR (400 MHz, CDC}): 6 8.06-8.09 (m, 3
H), 7.48-7.50 (m, 3 H), 6.77 (dJ = 8.0 Hz, 1 H), 6.31 (s, 1
H), 3.87 (s, 3 H), 3.10 (s, 6 H). Anal. Calcd forE117NOg3:

C, 73.20; H, 5.80; N, 4.74. Found: C, 73.18; H, 5.87; N, 4.68.

LCMS: mVz 296 (M + H™).

4AMF. 'H NMR (400 MHz, CDC}): 6 8.05-8.08 (m, 3
H), 7.48-7.50 (m, 3 H), 6.436.46 (m, 1 H), 6.26 (s, 1 H),
4.02 (t,J = 5.4 Hz, 4 H), 3.87 (s, 3 H), 2.452.48 (m, 2 H).
Anal. Calcd for GgH17NOs: C, 74.25; H, 5.58; N, 4.56:
Found: C, 74.19; H, 5.61; N, 4.53. LCM$/z308 (M+ H™).

5AMF. 'H NMR (400 MHz, CDC}): 6 8.05-8.09 (m, 3
H), 7.48-7.50 (m, 3 H), 6.63 (dJ = 8.0 Hz, 1 H), 6.41 (s, 1
H), 3.87 (s, 3 H), 3.463.42 (m, 4 H), 2.06-2.07 (m, 4 H).
Anal. Calcd for GgH1gNOs: C, 74.75; H, 5.96; N, 4.36.
Found: C, 74.71; H, 6.04; N, 4.29. LCM$/z322 (M+ H™).

6AMF. 'H NMR (400 MHz, CDC}): 6 8.05-8.08 (m, 3
H), 7.48-7.51 (m, 3 H), 6.956.97 (m, 1 H), 6.74 (s, 1 H),
3.87 (s, 3 H), 3.393.40 (m, 4 H), 1.68-1.69 (m, 4 H), 1.63
1.64 (m, 2 H). Anal. Calcd for §H,1NOs: C, 74.20; H, 6.31;
N, 4.18. Found: C, 74.16; H, 6.38; N, 4.12. LCM&vz 336
(M + H").

2.3. Instrumentation. The absorption and steady-state fluo-
rescence spectra were recorded on-t¥Xisible spectropho-

tometer (Cary100, Varian) and spectrofluorimeter (FluoroLog-

3, Jobin Yvon), respectively. The fluorescence spectra were
corrected for the instrumental response. Time-resolved fluores-
cence measurements were carried out using a time-correlate

single-photon counting (TCSPC) spectrometer (5000, IBHj.
Diode laser fexc = 374 nm, fwhm= 65 ps) was used as the

excitation source and an MCP photomultiplier (Hamamatsu

TheH NMR spectra were recorded on a Bruker AVANCE
400 NMR spectrometer at ambient temperature using tetra-
methylsilane (TMS) as an internal standard. LC mass were
recorded on a Shimadzu LCMS-2010A mass spectrometer.
Elemental analyses were carried using on a Thermo Finnigan
Flash EA 1112 series CHNS analyzer. X-ray data were collected
from a Bruker CCD X-ray diffraction system with a graphite-
monochromatized Mo ¥ radiation ¢ = 0.71073 A) and the
graphics were presented using the crystallographic tool DIA-
MOND.

2.4. Methods.The fluorescence quantum yields of the system
were measured using quinine sulfate as the reference compound
(®f = 0.546 h 1 N H,SOy).2° Dilute solutions with OD~ 0.05
at the excitation wavelength (which typically corresponded to
concentrations in the micromolar range) were used for the
guantum yield measurements. Optically matched solution solu-
tions of the sample and reference were used for this purpose.
The fluorescence spectra for the sample and the reference
compound were measured under the same operating conditions
and settings. The quantum yields were measured by comparing
the areas underneath the fluorescence spectra. All fluorescence
spectra were corrected for the instrumental response.

The ground state geometry of the systems were optimized in
vacuo using the hybrid DFT functional B3LY#! at 6-31G*
level. Ground state dipole moment was calculated from the
optimized structure of the respective system. Excited-state

alculations performed within the time-dependent (AIDFT)
ramework233 at the B3LYP/6-31G* level in vacuo. The
excited-state calculations were also carried out in acetonitrile
by self-consistent reaction field (SCRF) metffbdsing polar-
ized continuum (PCM) modéP. All quantum mechanical

R3809U-50) as the detector. The lamp profile was recorded by
placing a scatterer (dilute solution of Ludox in water) in place
of the sample. Decay curves were analyzed by nonlinear least-
squares iteration procedure using IBH DAS6 (Version 2.2) decay . .

; . . 3. Results and Discussions
analysis software. The transient absorption measurements were
performed using a laser flash photolysis setup, which was 3.1. Photophysical Behavior3.1.1. AbsorptionThe UV—
equipped with a laser system (Q switched Nd:YAG, pulse width vis absorption spectral data of the systems in various solvents
= 8 ns) from Spectra Physics (Quanta-Ray INDI series) and a covering a wide range of the polarity are collected in Table 1
spectrometer from Applied Photophysics (model LKS B0)he and representative spectra of some systems illustrating the
spectrometer consisted of a 150 W pulsed xenon lamp, asolvent and amino functionality dependence are shown in
programmabld/3.4 grating monochromator, a digitized oscil- Figure 1.
loscope (Agilent, 600 MHz), and an R-928 photomultiplier tube.  The longest wavelength absorption band A¥IF shows
The solutions were excited by the third harmonic (355 nm) of maximum at 324 nm in toluene. With increase in the polarity
the laser. A perpendicular configuration was chosen for the of the medium, the band is broadened significantly with buildup
excitation of the sample. Quartz cuvettes with a path length of of intensity in the long wavelength region (Figure 1). The
0.3 cm were used. The optical densities of the sample solutionsemergence of a new band with maximum around 350 nm is
were kept near around 0.1 at the excitation wavelength (355 clearly visible in polar solvents such as dimethyl sulfoxide
nm). Applied Photophysics LKS.60 Kinetic spectrometer work- (DMSO) or ethanol. The absorption maxima of the dialkylated
station software was used for the collection and analysis of the systems are 2030 nm red-shifted relative to the corresponding
data. maxima of the parent amino syste&iMF, in any solvent due

calculations were performed using the Gaussian 03 program
package®
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Figure 2. Fluorescence spectra of (@MF and (b)5AMF derivatives Figure 3. Fluorescence quantum yield of the systems as a function of
in 1,4-dioxane {-) and acetonitrile -¢+) at room temperaturélex. = the Er(30) value of the solvents. Solvents used here are toluene, 1,4-
350 nm. dioxane, THF, EtOAc, acetone, ACN, DMSO and EtOH wiH30)
. values 33.9, 36.0, 37.4, 38.1, 42.1, 45.6, 45.1, and 51.9, respectively.
TABLE 2: Fluorescence Quantum Yields (¢4/1073) of the Aexe = 350 nm.
Systems at Room Temperature
systems ) TABLE 3: Fluorescence Decay Parametersof the Systems
in Various Solvents at Room Temperature
solvent$ AMF DMAMF 4AMF 5AMF 6AMF
systems
toluene(33.9) 0.5 4.0 4.0 4.0 4.0
dioxane(36.0) 0.5 6.0 6.0 6.0 7.0 AMF  DMAMF  4AMF SAMF  6AMF
THF(37.4) 0.6 19.0 15.0 20.0 24.0  solvents 7,7 T3, T2 T1, T2 T, T2 71, T2
EtOACc(38.1) 1.0 20.0 18.0 26.0 28.0  toluene 67(0.95) 60(0.64) 132(0.76) 92(0.83) 98 (0.75)
acetone(42.1) 2.0 61.0 55.0 73.0 72.0 910 (0.05) 173 (0.36) 390 (0.24) 230 (0.17) 215 (0.25)
ACN(45.6) 20.0 134.0 151.0  173.0  181.0  gioxane 50(0.85) 110(0.68) 224 (0.96) 95 (0.49) 105 (0.46)
DMSO(45.1) 70.0 180.0 190.0  200.0  210.0 357 (0.15) 246 (0.32) 1120 (0.04) 236 (0.51) 250 (0.54)
EtOH(51.9) 150.0 210.0 2200 2100 2300 THF 95(0.96) 257 (0.73) 365 (0.48) 166 (0.34) 110 (0.27)
2 4+10%. " Quantities in the parenthesis indicate 30) values 587(0.04) 545(0.27) 805 (0.52) 463 (0.66) 450 (0.73)
of the o Quaniiies 17 the p 's Indicate ©¢t30) valu EtOAc 103(0.85) 270(0.46) 157 (0.41) 292 (0.45) 315 (0.38)
) 485 (0.15) 471 (0.54) 1400 (0.59) 580 (0.55) 600 (0.62)
to the inductive influence of the alkyl groups. The solvent acetone 70(0.38) 1390 1890 1650 1790
dependence of the dialkylated derivatives, i.e., the Stokes shiftA \ 272 (0-65) . X
A2 with increasing polarity of the medium, is similar to that c ggg Eg'ggg' 3030 3540 3520 3630
of the parent systenAMF, except that two clearly resolvable pmso 1210 3370 3580 3450 3880
peaks are observable for these systems even in less polagtoH 2270 3330 3250 3150 3170

) AP i . ;
med|u_m. The solvent dependent shiftigf;, is consistent W'th aThe fluorescence decays were monitored at the respective fluo-
the dipolar nature of the compound. Among the different rescence peak maxima of the compounds. Biexponential fitting was
dialkylamino systems, not much variation #f>, could be resorted when single-exponential fitting was found unsatisfactory. The
observed. It is interesting to note however that/tﬁﬁ( values fluorescenpq Iifgtimesr() are .expres.sed in ps. The quantities in the
of SAMF are relatively red-shifted compared to the other Eenlqrenthegs indicate the relative weight of each compoigpt= 375
dialkylated systems. That this is due to a more planar amino "
nitrogen of SAMF and consequent increase in the charge systems. In any solvent, fluorescence maxima of the dialky-
conjugation in the molecule is substantiated by the single-crystal|amino systems appear at much longer wavelength region
X-ray data of two systems, described in section 3.2 and compared to the parent amino analogue (Table 1). Among the
theoretically calculated structure and dipole moment of the gjfferent dialkylamino systems, the variation of thil values
systems, presented in section 3.3. is found minimal. This includes eveSANF, whose absorption
3.1.2. Fluorescence Spectr&luorescence spectra of the  pehavior is somewhat different from the other systems. The
systems have been recorded in various solvents of differentgpservation led us to suggest that while the planarity of the
polarity. The wavelengths corresponding to the fluorescence gmino nitrogen or/and dihedral angle between the two ring
peak positions are collected in Table 1 and some representativesystems of the various dialkylamino moieties is/are different in

spectra are shown in Figure 2. . the ground state, the amino nitrogen of all the systems is planar
An increase in the polarity of the medium leads to much more i, the excited state.
pronounced Stokes shift of the fluorescence maximiiff},X 3.1.3. Fluorescence Quantum Yielthe measured fluores-

compared to the absorption. For example, in the case of cence quantum yieldg) of the systems in a series of solvents
DMAMF , 2% shifts by only 5 nm on changing the solvent of different polarity are collected in Table 2. The variation of
from toluene to acetonitrile, wheredsy shifts by 67 nm the ¢ values of the systems with the polarity of the medium is
(Table 1). This suggests that the emitting state is more polar highlighted in Figure 3.

than the ground state. The inductive influence of the dialky-  In any given solvent, the dialkylamino analogues are found
lamino moieties is also observable in the emission data of the to be more fluorescent compared to the parent systevit; .
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Figure 4. Fluorescence decay curves @MAMF derivative in (a) Valuis;;%%n?&o’ 37.4,38.1, 42.1, 456, 45.1, and 51.9 respectively.
acetonitrile and (b) 1,4-dioxane. Solutions were excited at 375 nm and ~*¢ )
emission was monitored at emission maximum. The solid lines represent 0.07
the best fit to the data. The instrumental response function (lamp profile) e e \‘ (@)
is also shown in part c. The weighted deviation is also shown below 0.06 - RN P
the decay curves. o
0.05 - g e w,
TABLE 4: Radiative (k/10f s™1) Rate Constants of the o]
Systems in Various Solvents at Room Temperature S 0.04+ @ ff':-. ol o
o ¥ J "m Time (ps)
AMF  DMAMF  4AMF  5AMF  6AMF < 0.03- _/,(B"":,c'“ e, '\.\
/ 0.g® 0.q.
toluene 45 40.0 21.6 34.7 32.0 0.02 /L * Seon
dioxane 5.1 38.7 22.6 35.3 37.8 Yo
THF 5.3 56.7 24.8 54.8 66.7 0.01 %N
EtOAc 6.2 52.6 20.2 57.9 67.0 ] o
acetone 10.2 43.9 29.1 44.2 40.2 0.00 - - -/. ----------------------
ACN 26.9 44.2 42.4 49.1 49.9 0.01 Lk
DMSO 57.9 63.4 53.1 58.0 54.1 - : ) : ’ : )
FtOH 6.1 631 677 06,7 g 350 400 450 500 550 600 650

TABLE 5: Nonradiative (kn/1®° s71) Rate Constants for the
Systems in Various Solvents at Room Temperature

Wavelength (nm)

Figure 6. Transient absorption spectraAMF in (a) toluene and (b)
acetonitrile. The spectra were obtained fsfter the laser pulse. Inset
shows the decay profile.

AMF  DMAMF 4AMF 5AMF  G6AMF ) . . . .
a single-exponential decay is observed. A gradual increase in

toluene 9.1 9.96 5.38 8.66 7.97 the fluorescence lifetime of the systems is observed with increase
dioxane 10.2 6.41 3.75 5.85 5.37 in th lari f th di Thi d is simil h
THE 8.8 293 163 270 271 in the polarity of the medium. This trend is similar to that
EtOAC 6.2 2.59 1.11 217 1.08 observed for the variation of the fluorescence quantum yield
acetone 5.1 0.67 0.50 0.56 0.52 with polarity of the solvent. The biexponential nature of the
éﬁ/lNSO %)-Sé %-223 %-224:; %%3; %-22% decay profiles of the systems in less polar media is presumably
EtoH 0.4 0.24 0.2 025 0.24 due to the contribution of two nearby states (see later) in the

emission process. The single-exponential decay profiles of the

Quantum yields of all the systems increase with increase in the systems in highly polar media suggests that the two states are
polarity of the solvents. In fact, while changing the solvent from well separated in these media and only one of them is involved
toluene to DMSO, a 140-fold enhancement of the quantum yield in the emission process. In this context, we note that Cheng et
value of AMF is observed, whereas the other systems show al. previously studied the decay profiles of a system similar to
nearly 50-fold enhancement of the quantum yields. This those reported here as a function of the polarity of the media
observation is clearly in contrast to the behavior of most other and monitoring wavelengtt. The most striking difference of
EDA systems which show a significant drop of the fluorescence the results reported by them and the present case is the lack of
efficiency with increase in the polarity of the medidfiz! As observation of a short rise time in the decay profiles of our
described earlier, this is primarily due to lowering of the energy work. This difference is understandable when one takes into
gap between the ground and ICT emitting state in polar media account the time resolutions of the two studies. The monitoring
and consequent enhancement of the nonradiative rate. Hencewavelength dependence of the decay profiles, in particular the
the present observation of the enhancement of quantum yieldsobservation of the rise time toward the longer wavelengths,
of the system with increase in the polarity of the media is quite which Cheng et al. reported, is due to an ultrafast excited-state
interesting. relaxation process that we did not observe because of low time
3.1.4. Fluorescence Decay Beliar. The fluorescence decay resolution (~40 ps foriexc = 375 nm) of our setup. However,
parameters of the systems in various solvents are collected init is not clear to us why the long-time behavior in the two studies
Table 3 and a representative decay profil®MAMF is shown is also somewhat different. Our study of the decay profiles of
in Figure 4. In less polar media, all the systems show a DMAMF in 1,4-dioxane, in which the decay is clearly biex-
biexponential decay behavior, whereas in highly polar solvent ponential, revealed a gradual increase of the weightage of the
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Figure 7. (a) ORTEP diagram oAAMF with atoms represented by thermal ellipsoids at 35% probability level, Ng{¥) bond length= 1.3459

(3) A. (b) ORTEP diagram dBAMF with atoms represented by thermal ellipsoids at 35% probability levelC{(¥) bond length= 1.3676 (2) A.
CCDC-664794 and 664795 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.

long component with increase in the monitoring wavelength. proximity. In nonpolar medium, both the states contribute to
This observation is consistent with the picture of two different the absorption and/or emission process, though they cannot be
states contributing to the total emission process. The time- resolved spectrally. However, the weight of the* state in
resolved behavior has also been studied in mixed solvents ofthe emission process is significantly increased in polar medium
1.4-dioxane and acetonitrile. As expected, the addition of as enhanced polarity shifts a-* state toward higher energy
acetonitrile to a dioxane solution AMAMF results in a and ax—s* state toward lower energy. This conclusion is
gradual (i) shortening of the lifetime and amplitude of the short consistent with the absorption spectral data of the systems and
component and (ii) increase in the lifetime and amplitude of the observation of 1615% increase in the molar extinction
the long component. This trend also substantiates the two-statecoefficient values of the first absorption band of the systéms.
hypothesis proposed in this manuscript to explain the photo- The nonradiative rate constants for all the systems are found to
physical data of the systems. be higher in nonpolar media compared to those in polar media.
3.1.5. Radiatie and Nonradiatie Rate ConstantsThe For example AMF shows a 12 times decrease in the nonra-
radiative k) and nonradiativek,) rate constants of the systems diative rate constant upon changing the solvent from toluene to
in different solvents, estimated from the measured valugg of DMSO (Table 5). A major change of the radiative and
and s usingk; = ¢/t andk, = (1 — ¢)/z, are collected in nonradiative rate constants of the systems upon changing the
Table 4 and Table 5 respectively. For cases with multiexpo- polarity of the solvent can be explained considering a change
nential decay profiles, the average lifetime values have beenin the nature of the emitting state with change in solvent. In
used for the calculation of thie andk,, values. The variation  the present case, the results imply that more allowed* state
of the nonradiative rate constants with the polarity of the media contributes to the emission process in polar media. The
is also shown in Figure 5. proximity effect of the two states, which is reflected in the
As can be seen from Table 4, the radiative rate constantsphotophysical behavior of the systems, has been observed earlier
steadily increase with increase in the polarity of the medium in many system# Further information on this aspect is provided
for all the systems. This increase is however most prominent by the results of theoretical calculations, presented in section
for AMF , which shows~13 times increase in tHe value upon 3.2.2.
changing the solvent from toluene to DMSO. The observation  3.1.6. Triplet State Studyn order to determine whether the
suggests that a more allowed state contributes to the emissiorchange of the,, value of the systems with the polarity of the
process with increase in the polarity of the medium. It appears medium is associated with a corresponding increase/decrease
that n—z* and m—xa* states of the systems are in close of the triplet yield of the systems, we have investigated the triplet
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TABLE 6: Some Structural Parameters® of the Systems along with Their Ground State Dipole Moments)
N;-C; bond length @C7N;H/Cx dihedral angle bond angles around N
systems crystal thedty crystal theory crystal theory Ug (D) theory
AMF 1.387 160.04 112.66 4.41
120.80
,119.95
DMAMF 1.379 175.86 119.31 5.41
119.70
120.27
4AMF 1.346 1.373 173.10 159.09 95.10 93.95 5.31
130.88 127.62
132.91 127.81
5AMF 1.368 1.371 179.10 174.69 119.81 112.55 5.94
123.74 123.48
123.85 123.97
6AMF 1.400 135.84 113.09 4.83
119.06
118.61
2Bond lengths are expressed in A and bond angles and dihedral angles are in degre@sB3LYP/6-31G* calculations.
TABLE 7: Lowest Energy Transition (B3LYP/6-31G*) of the Systems
systems medium tr. energy (eV) osc. strength MOs involved (tr. coeff) nature
AMF in vacuo 3.535 0.024 HOMO-2- LUMO (0.612) n— s*
HOMO — LUMO (—0.279) T — a*
acetonitrile 3.552 0.314 HOMO-2- LUMO (0.136) n— o*
HOMO — LUMO (0.656) T — a*
DMAMF in vacuo 3.509 0.110 HOMO-2- LUMO (0.484) n— s*
HOMO-1— LUMO (—0.153) T — a*
HOMO — LUMO (—0.444) T — 7
acetonitrile 3.336 0.302 HOM®- LUMO (—0.675) T — a*
4AMF vacuo 3.518 0.086 HOMO-2- LUMO (0.530) n— *
HOMO-1— LUMO (—0.162) T — a*
HOMO — LUMO (—0.384) T — a*
acetonitrile 3.358 0.323 HOM®- LUMO (0.674) T — a*
5AMF vacuo 3.485 0.192 HOMO-2- LUMO (—0.336) n— a*
HOMO-1— LUMO (—0.126) T *
HOMO — LUMO (0.571) T — a*
acetonitrile 3.254 0.309 HOM®&- LUMO (—0.676) T — r*
6AMF vacuo 3.487 0.112 HOMO-2- LUMO (0.489) n— *
HOMO-1— LUMO (—0.154) T *
HOMO — LUMO (0.439) T — a*
acetonitrile 3.311 0.306 HOM®&- LUMO (0.677) T — r*

state ofAMF in toluene and acetonitrile using time-resolved
transient absorption technique. Laser flash photolykig &
355 nm) ofAMF shows a broad transient absorption band in
the 350-650 nm region in both the solvents. Considering the
facts that (i) bubbling of @or air leads to the disappearance/
diminishing intensity of the band and (ii) long lifetime 48 in
toluene and 12s in acetonitrile) of the transient, this absorption
can be attributed to triplettriplet transition of AMF. This

chloroform), have been characterized by single-crystal X-ray
diffraction studies’! The ORTEP diagrams of the systems are

shown in Figure 7. The structural parameters useful for an
understanding of the photophysics of these systems arejthe N

Cy bond length, angles around the amino nitrogen and dihedral
angle between the planes containing the amino functionality and
flavone moiety. These quantities, which are listed in Table 6,
indicate the extent of electronic conjugation between the two

assignment is also supported by the literature data of a similarrings and the planarity of the amino nitrogen. The values clearly

derivative3® While the fluorescence quantum yield AMF in
toluene is lower than that in acetonitrile by a factor of 40, we
find that the end-of-pulse absorption change yield©D)o
values for optically matched solutions AMF in two solvents
of different polarity that are nearly identical (Figure 6).
Assuming that the molar extinction coefficients for the T
absorption are very similar in the two solvefighe results
imply that the triplet yield of the system is very similar in the

suggest a more planar nature of the amino nitrogebAdF .

3.3. Theoretical Calculations.3.3.1. Ground State Calcula-
tions. The ground state geometries of the systems have been
optimized in vacuo at B3LYP/6-31G* level. Some important
geometrical parameters of the optimized structures are collected
in Table 6. The results suggest that the amine functionalities
are twisted with respect to the flavone ring and the twist angles
are different for different systems. The calculated ground state

two solvents. Thus, the decrease of the nonradiative ratedipole moments of all the systems, which vary between 4.41

constants with increase in the polarity of the media is not due

to any change of the intersystem crossing efficiency of the

systems. Obviously, the efficiency of the internal conversion

process is affected as the polarity of the media is changed.
3.2. Crystal Structures. Two systems4dAMF and 5AMF,

for which good single crystals could be obtained (from

and 5.94 D, are also listed in this table. The data suggests that
among all the systenBAMF, which comprises the most planar
nitrogen atom, is the most dipolar molecUlVIAMF is second
most polar system andMF is the least polar system. A higher
moment of the dialkylated systems compared AMF is
consistent with the inductive influence of the alkyl groups. The
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experimentally determined quantities. As for example, the
calculated lowest energy transition BMAMF is found to be

at 3.51 eV in vacuo and the experimental energy estimated from
the 22> value in toluene is 3.49 eV. The calculations show
that three different excitations, HOM&.UMO, (HOMO-1)—
LUMO and (HOMO-2)-LUMO contribute to the first excited-
state of the systems in vacuum. The HOMOJMO, (HOMO-
1)-LUMO and (HOMO-2)-LUMO excitations, as determined
from the shapes of the molecular orbitals, are assigned-to*,
z—x*, and n—zx* transitions. While three different excitations
correspond to the first excited-state in the gas phase, the
contribution of the (HOMO-2yLUMO excitation, an r-m*
transition, is clearly the largestifle Table 7). Interestingly, in
polar medium (such as acetonitrile), the excitation mainly arises
from the HOMO-LUMO excitation, havingz—s* character

of the transition ¢ide Table 7). However, foAMF a minor
contribution arises from (HOMO-2)LUMO excitation, with
n—as* character, remains. The results clearly suggest that in the
gas-phase both -ir* and 7—n* states contribute to the
photophysical response of the systems with the major contribu-
tion arising from the ax* state. The results also show that
Figure 8. Molecular orbital picture associated with the first excited- the first excited-s_tate s o_f—n* in natu_re in ace_tonitrile. These .
state of5SAMF in the gas phase. The oribitals were obtained by-TD results are con_5|stent W't.h t_he previous optical and magnetic
DFT method at B3LYP/6-31G* level. resonance studies establishing that therh and 7—n* states

of the flavones are strongly mixééTheoretical results indicate
clearly that a large contribution due to the-aa* character of

the first excited-state is primarily responsible for relatively low
radiative efficiency of the systems in nonpolar media. However,
ther—a* state, which becomes the lowest excited-state in polar
media, is responsible for enhanced radiative efficiency in these
media.

LUMO

-1.19

HOMO

-5.25

E/eV

HOMO-1

-5.71

HOMO -2

-6.01

LUMO

-1.52

4. Conclusion

E/eV

This study on several structurally related 7-amino/dialky-
lamino flavone derivatives reveals that the photophysical
behavior of these systems differs from that of a majority of
conventional EDA molecules. The most notable difference is
the proximity of the multiple excited states and its direct
Figure 9. Molecular orbital picture associated with the first excited- '”f'uenfie on the fluprescence behavior of the flavones. While
state of5SAMF in acetonitrile. The oribitals were obtained by ¥D  the emission behavior of commonly encountered EDA systems
DFT method at the 6-31G* level via SCRF/PCM solvation scheme. is usually dictated by low-lying intramolecular charge transfer

state and a decrease in fluorescence efficiency with increase in

the polarity of the medium is commonly observed, the amino
variation of the dipole moment among the different dialkylated flavones show enhanced fluorescence efficiency in polar
systems is due to the difference in the planarity of the amino medium. No influence of the internal motion of the amino
nitrogen and the dihedral angle indicated in the table. moieties on the fluorescence response of the systems is observed.

3.3.2. Excited State Calculation$Ve have theoretically  The laser flash photolysis measurements show that the inter-
studied the energetics of different molecular orbitals associatedsystem crossing efficiency in the systems is not influenced by
with the lowest excited-state of the systems to find out whether the polarity of the medium. The theoretical calculations confirm
the increase in the fluorescence efficiency on changing the that the emitting state in these flavones is of mixegnt and
medium from a nonpolar to a polar one is associated with a 7—s* nature in nonpolar medium. In polar medium, the
change in the nature of the emitting state. Excited-state separation between the two states is enhanced and-tt
calculations (TD-DFT, B3LYP/6-31G* level) have been state becomes the lowest excited-state responsible for enhanced
performed in the gas phase as well as in acetonitrile, the latteremission of the systems.
by self-consistent reaction field (SCRF) method using the
polarized continuum (PCM) model. The representative molec-  Acknowledgment. This work is supported by the Ramana
ular orbital pictures associated with the first excited-state for Fellowship of the Department of Science and Technology
5AMF in the gas phase and in acetonitrile are shown in Figure (DST), Government of India and the UPE Program of the
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