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Influence of Structure on the Unusual Spectral Behavior of 4-Dialkylamino-1,8-naphthalimide
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Spectral behavior of 4-amino-1,8-naphthalimide derivatives
differing in their amino functionality has been studied in differ-
ent solvents with varying polarity. The results reveal that despite
the 41 effect of the methyl group, the charge-transfer absorption
band maximum of N-ethyl-4-dimethylamino-1,8-naphthalimide
(3) is blue-shifted with respect to that of the un-substituted and
monoethyl-substituted derivatives, 1 and 2, respectively. AM1
calculations indicate a lower ground state dipole moment of 3
compared to 1 or 2. The single crystal structure of 3 suggests that
low dipole moment and blue-shift of its CT maximum are due to
twisting of the dimethylamino moiety relative to the 1,8-naph-
thalimide ring.

Molecules consisting of conjugating electron donor and ac-
ceptor (EDA) groups usually possess an intramolecular charge
transfer (ICT) state as the lowest electronic state.! This ICT state
dictates the spectral, photophysical, and photochemical behavior
of the EDA molecules.? The energetics of the ICT state can be
modulated by changing the strength of the donor and acceptor
groups. An increase in the strength of the donor group is expect-
ed to result in an increased charge separation leading to an en-
hanced dipole moment and lowering of the energy of the ICT
state of the system. Spectroscopically, this is manifested in a
Stokes shift of the electronic absorption spectrum. 4-Amino-
1,8-naphthalimide and its derivatives are versatile candidates
for the study of ICT processes. Their spectral properties are
highly sensitive to the polarity of the media and they possess
large excited state dipole moments due to their ICT excited state
nature.’ Herein, we report the UV-vis spectra of some 4-amino-
1,8-naphthalimide derivatives where we encounter a system that
shows a blue-shift of the spectral maximum despite having a
stronger donor group. This unusual observation has been under-
stood by investigating the crystal structure of the system.

The synthesis of 4-amino-1,8-naphthalimide derivatives, 1,
2, and 3 is straightforward and high yielding.* Compound 1
has been synthesized by reacting ethylamine with 4-amino-
1,8-naphthalic anhydride in refluxing ethanol for 2h, in 85%
yield. The synthesis of 2 and 3 was achieved in two steps by first
reacting ethylamine with 4-chloro-1,8-naphthalic anhydride in
refluxing ethanol for 6 h, to obtain the imide in 85% yield. This
was followed by reaction with ethylamine or dimethylamine in
N-methylpyrrolidinone to give 2 and 3 as orange colored mate-
rial in 76% and 72% yield, respectively. All the compounds were
characterized by '"HNMR spectroscopy (see Supporting Infor-
mation).
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Table 1. Absorption and emission® spectral data of 1, 2, and 3
in various solvents with different polarity

/10" A/
Solvent ET(30)°
1 2 3 1 2 3
Dioxane 36.0 411 422 403 497 501 505

Tetrahydrofuran ~ 37.4 420 427 408 505 507 513
Acetonitrile 45.6 414 430 415 516 524 531

Methanol 554 433 441 422 538 539 540

A exe = 420nm, P+£2nm, °Ep(30) is a microscopic solvent
polarity parameter (see Ref. 5 for details).
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Figure 1. Absorption and emission spectra of 1, 2, and 3 in tet-
rahydrofuran. Ae = 420nm. All spectra were normalized at
their respective peak maximum.

The electronic absorption and emission spectra of the com-
pounds have been recorded in different solvents with varying po-
larity (see Supporting Information). The wavelengths corre-
sponding to the absorption and emission peaks are listed in
Table 1. The 4-amino-1,8-naphthalimide moiety in these sys-
tems gives rise to an intramolecular charge transfer (ICT) transi-
tion in the UV—-vis region due to the push—pull effect of the elec-
tron-donating amino and the electron-withdrawing carbonyl
groups of the fluorophore.® The energy of the ICT state is deter-
mined both by the polarity of the medium and the strength of the
electron donor and acceptor moieties. With an increase in the po-
larity of the medium, both the absorption and fluorescence max-
ima shift to longer wavelength. However, the shift is relatively
larger for the fluorescence maximum as these compounds are
more polar in the excited state.

Substitution of the amino hydrogen atoms of the parent sys-
tem, 1, by alkyl groups is expected to enhance the charge sepa-
ration in the molecule because of the inductive (+]) effect of the
alkyl groups. The absorption band maxima of a monoalkyl-sub-
stituted derivative, 2, are, as expected, red-shifted due to the +I
effect of the ethyl group. Interestingly, despite the +I effect of
methyl groups, the absorption band maxima of a dialkyl-substi-
tuted derivative, 3, are blue-shifted with respect to those of 1
(Figure 1) though the emission band maxima of these systems
are in order.
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Table 2. AMI calculated ground-state dipole moment (/4,) and
C4-N1 bond length (rcy) for 1, 2, and 3
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Table 3. Selected geometric parameters of 3 as obtained from
X-ray crystallography

Compounds (%‘3) zi\;
1 6.29 1.3829
2 6.85 1.3803
3 4.80 1.4377

AMI calculations have been carried out to find out the di-
pole moments of the systems.” The C4-N1 bond length and
the ground-state dipole moment of the systems are presented
in Table 2. The theoretical parameters confirm that a better elec-
tron donating dimethylamino moiety contributes less charge to
the naphthalimide moiety. The C4-N1 bond length, which is a
measure of the charge separation, is in the order 2 < 1 < 3.
The AMI1 calculated ground-state dipole moment is found to
be lowest for 3 even though the molecule contains relatively
stronger donor than 1. Thus, the experimentally observed results
are in agreement with the theoretically calculated parameters.

In fact, we observed this kind of behavior previously with
similar systems and to account for the observation we had to as-
sume a twisting of the dialkylamino moiety relative to the 1,8-
naphthalimide ring.® In this letter, by determining the single
crystal structure of the 3, we are able to prove that our conjecture
is indeed correct.

The ground-state structure should, in principle, explain the
observed absorption phenomena and with a view to provide evi-
dence to the proposed account, we investigated the structure of 3
by means of X-ray crystallography. Single crystals suitable for
X-ray diffraction were grown by the slow evaporation of CDCl;
solution in the NMR tube. Compound 3 crystallizes in an ortho-
rhombic space group Pna2;.” The molecular view is shown in
Figure 2 and the selected geometric parameters are listed in
Table 3. The C4-N1 distance is shorter than the normal C-N sin-
gle bond indicating that the lone pair of electrons on the nitrogen
atom are delocalized on the naphthalimide ring with the carbonyl
group acting as an electron-withdrawing group. It is interesting
to note that the dimethylamino moiety is twisted with respect
to the plane of 1,8-naphthalimide ring with a /C10-C4-N1-
C16 torsion angle of 52.4 (3)°. This twist angle in the ground
state structure of the molecule is responsible for the higher ab-
sorption energy and lower ground state dipole moment observed
in 3 as compared to the corresponding un-substituted and mono-
substituted derivatives, 1 and 2, respectively.

In summary, we have shown that the anomalous spectral be-
havior of 4-dialkylamino-1,8-naphthalimide is due to the twist-

Figure 2. ORTEP diagram of 3 with labeling of all non-H
atoms represented by thermal ellipsoid at the 30% probability
level.

Twist angle (°)* L C10-C4-N1-C16 52.4 (3)
Angles around N (°)° L C4-N1-C15 117.7 (3)
LC4-N1-C16 119.7 (2)
LCI15-N1-Cl16 111.6 (3)
C-N bond length (A) C4-N1 1.386 (4)

aTorsion angle. ®Three angles around the amine nitrogen
atom.

ing of the dialkylamino moiety relative to the naphthalimide
ring. That the fluorescence spectral behaviors of the systems fol-
low the expected trend implies that the molecules become planar
on electronic excitation.
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