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Abstract: A series of novel N-n-butyl-1,8-naphthalimide derivatives were synthesized via a
three-step reaction involving nucleophilic substitution and acylation. All of the compounds
were characterized by IR, "TH NMR, C NMR, MS, and elemental analysis, and the crystal
structure of N-n-butyl-4-[N’,N’-bis(2",4'-dichlorobenzoyl)ethylamino]-1,8-naphthalimide
was determined. The m-m stacking interactions and hydrogen bonds between the two
molecular core planes (naphthalimide ring) and the van der Waals forces between the
flexible n-butyl groups resulted in a 3D long-chain structure. The UV-vis and fluorescence
properties of the title compounds were investigated. The results indicated that the
monosubstituted 1,8-naphthalimide derivatives bearing an electron-donating group on the
benzene ring or a structure with a larger conjugative effect exhibited enhanced fluorescence
properties.
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1 Introduction

The development of fluorescent sensors for the selective detection of chemically and
biologically significant metal ions has attracted attention worldwide [1-5]. The naphthalene
moiety is an ideal fluorophore, and its derivatives have been widely applied as fluorescent
dyes, metal sensors, optical sensors and organic light-emitting materials because of their high
absorption coefficients, high fluorescence and quantum yields, large Stokes shifts, good
photostability and easy modification [6-9]. In recent years, naphthalimide-based probes have
been developed to detect H*, Hg?, Zn?, Cu¥*, Ag*, Cd¥, Pd*, Cr, Al* Fe¥*, and F via
chromogenic and fluorogenic analyses [10-16]. Therefore, the naphthalimide derivatives are
potential carriers that could be used in the preparation of new optical chemosensors.
Although extensive studies have focused on 1,8-naphthalimide derivatives with an O- [17,18],
N- [19,20], S-substituted group [21] or five-member heterocycles [22,23] at the C-4 position,
extending the study of these materials, especially regarding introducing different
electron-donating groups, could still produce useful results. Indeed, few studies focusing on
fluorescent 1,8-naphthalimide derivatives containing a mono- or di-substituted ester at the
C-4 position have been reported. Therefore, in this study, we designed and synthesized a
series of N-n-butyl-1,8-naphthalimide fluorescent sensors with a diethylamino link to the C-4
position. The mono- and di-substituted esters were obtained simultaneously. In addition, a
single crystal was prepared, and its spatial configuration was characterized with regard to its
complexation with metal ions. The effects of protons and metal ions on the UV-vis absorption
and fluorescence spectra of these sensors were also investigated.

© 2017 by the author(s). Distributed under a Creative Commons CC BY license.
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2 Results and discussion

2.1 Synthesis and characterization

As shown in Scheme 1, the mono- and di-substituted 1,8-naphthalimide derivatives were
synthesized wvia three steps. Although many efforts have been made to prepare
1,8-naphthalimide derivatives with different substitutions at position 4 [1,10,11,27-30], this
manuscript reports the first attempt to simultaneously design and synthesize mono- and
di-substituted 1,8-naphthalimide derivatives at position 4,
N-n-Butyl-4-bromo-1,8-naphthalimide was prepared by the convenient substitution of
4-bromo-1,8-naphthlic anhydride with n-butylamine. The intermediate BNI was obtained
through nucleophilic substitution with diethanolamine. The mono- and di-substituted
products were obtained simultaneously with mild yields via an acylation reaction (Scheme 1
and Table 1).
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Scheme 1. Synthetic route for the production of compounds 3 and 4

Table 1. Synthesis of mono- and di-substituted 1,8-naphthalimide derivatives (a-f).

Compound  Reactant Yield of 3 M.p. of 32 Yield of 4 M.p.of 4>
(0]
a ©_E_C, 46.0 148-150 61.4 158-159
n
b Q’C—C' 48.2 94-95 57.6 179-180
CH,
(0]
c mc@—y:—a 30.4 104-105 61.2 168-169
O
d a@_g_c. 33.7 88-90 60.5 167-168

(0]
e F3C©_g_c. 20.8 100-101 50.4 161-162
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f o @g_a 65.0 87-88 62.3 178-179

a All of the products were characterized through m.p., IR, 'TH NMR, C NMR, MS, and elemental
analyses.

To determine the optimal reaction conditions for the efficient preparation of the target
molecules, the reaction temperature was varied. The results indicated that room temperature
should be employed during the addition of aroyl chloride to prevent the facile generation of
anhydride. The target molecular structure depended on the molar ratio of compound 2 and
aroyl chloride. When the molar ratio of compound 2 and aroyl chloride was less than 1:1.5, the
product was primarily the mono-substitution product 4. However, when the molar ratio was
1:2.2-1:2.5, both mono- and di-substituted products were generated. This finding is in good
agreement with previous reports. According to the yields of 3 and 4, the substituents on the
benzene ring exerted no significant effects. All of the 1,8-naphthalimide derivatives were
confirmed via "H NMR, C NMR, MS, and elemental analysis, and the data are reported in the
experimental section.

To further confirm the structure of the synthesized compounds, a single-crystal structure

of compound 3f was obtained by dissolving the crystal in ethanol followed by slow
evaporation of the solvent at room temperature over approximately 3 days. The molecular
structure of compound 3f is shown in Figure 1. A packing diagram is shown in Figure 2. The
hydrogen bonds are shown as dashed lines. The core plane (naphthalimide ring) and the
phenyl ring (C20, C21, C22, C23, C24, and C25) formed a dihedral angle of 37.8%, and the other
phenyl ring (C29, C30, C31, C32, C33, and C34) formed a dihedral angle of 46.1°. The dihedral
angle between the two phenyl rings (C2, C3, C4, C5, C6, and C12; C6, C7, C8, C9, C10, and
C12) was 3.8 A, and the pyridine ring formed dihedral angles of 2.7 A and 4.2 A to the former
two phenyl rings, respectively. These results showed that all of the atoms of the rings were
almost in the same plane. The 3D net consists of moderate 7-1t stacking interactions with a
centroid-to-centroid distance of 3.6548 A, and the shortest distance (X1A to C2, C3) between
the core planes was 3.490 A (Figure 3).
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Figure 1. Molecular structure of 3f.
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Figure 3. -mt Stacking interactions between the core planes.

2.2 Absorption spectra and fluorescence

The photophysical properties of 1,8-naphthalimides mainly originate from the
polarization of the naphthalimide moiety due to the electron donor-acceptor interaction
occurring between the substituents at C-4 (electron donor) and the carbonyl groups from the
imide structure (electron acceptor) of the molecule [31]. The normalized UV-vis spectra of
compounds 3a-3f and 4a-4f in EtOH/H20 (v:v =4:1) with a concentration of 1x105 M are listed
in Table 2. As shown in Table 2, the main absorption band of these dyes is centered between
414 and 440 nm. No obvious difference is observed between mono- and di-substitution
because the substituents at benzene minimally affected the parent scaffolds. No obvious effect
was observed because benzoyl is too far from the conjugated system, as could be found in the
single crystal structure. Although the molecular polarities of compounds 3 and 4 are different,
both of the substitutions at C-4 are ethylamino, which result in similar electron donors to the
parent scaffolds.
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Table 2. Absorption and fluorescence characteristics of compounds a-f in EtOH/H20 (v:v=4:1)

solution.

Comp. :ff;lcm&? Amax® A Aemb frllttle(::ist;ence
3a 4.286 4215 0.193 521 177.99
3b 3.748 419.5 0.056 529 66.17
3¢ 4.100 420.0 0.126 524 125.93
3d 3.699 414.0 0.05 522 68.21
3e 4.336 417.0 0.217 527 202.28
3f 4.017 421.5 0.104 528 134.29
4a 4241 439.5 0.175 526 389.54
4b 4.255 439.5 0.180 524 398.44
4c 4.233 440.5 0.171 523 369.22
4d 4.140 440.0 0.138 523 329.4
de 4.201 440.0 0.159 522 361.9
4f 4.212 438.5 0.163 521 390.58

a Extinction coefficient.

® Maximum absorbance (Aabs) and emission intensity (Aem) wavelengths.

The emission was detected at 521-529 nm. Compared with that of compound 3a (Amax=521
nm), the emission maxima of other bi-substituted compounds, namely 3b-3f, were all slight
red-shifted, which might the result of the electron-withdrawing and electron-donating
capabilities of the substituents on the benzene ring. In addition, the emission maxima of
mono-substituted compound were almost equal [32]. However, the mono-substitution exhibited
better fluorescence intensity of approximately 329.4-398.44 nm, almost two-fold greater than
that of the di-substitution, indicating that the mono-substituent exhibited a better fluorescence
intensity than the di-substituent at the same concentration. This result indicated that the
mono-substituted compounds might be the probe molecules due to their better fluorescence
intensity and the large space between the hydroxyl and carbonyl.

2.3 Solvent effect
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Compound 3f was selected for the fluorescence intensity experiment because its single
crystal structure was determined by X-ray analysis, which was able to explain the
ion-recognition performance based on the molecular configuration.

As shown in Figure 4, the fluorescence emission of compound 3f is more dependent on
the solvent. As the solvent polarity increased, the emission wavelength Aem was red-shifted,
and the fluorescence intensity decreased. The fluorescence maximum shifts to longer
wavelengths from nonpolar to polar solvents are indicative of the charge transfer nature of the
emitting state. As shown in Figure4, the Aem for 3f shifted from 495 nm to 530 nm as the solvent
was changed from dichloromethane to dimethylformamide. Examination of the chemical
structure of entitled dyes suggested that the occurrence of an intramolecular charge transfer
(ICT) process might be responsible for their solvent sensitivity. Therefore, ethanol and water were
selected as the solvent, thereby reducing the use of organic solvents and allowing the
dissolution of metal ions, which are poorly soluble in organic solvents.
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Figure 4. Various solvents’ influences on the fluorescence intensity.

2.4 Selectivity of probe 3f

Figure 5 shows the normalized emission spectra of compound 3f in EtOH/H20 (v:v=4:1)
solution (1x10° M) that was excited at its absorption maximum. As shown in Figure 5, the
fluorescence intensity was lower than that of other ions when Pb% or Hg?* was added,
indicating that compound 3f might be a probe molecule for Pb?. The fluorescence intensity
difference may be attributable to the formation of a compound 3f-Pb% complex; the possible
structure of this complex is proposed in Figure 6.
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Figure 5. Fluorescence intensity response of probe 3f to different metal cations.
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Figure 6. Proposed structure of the 3f-Pb? complex.

As shown in Figure 7, as the Pb?" concentration increased, the absorption maximum
shifted to shorter wavelengths, and the emission intensity decreased significantly with an
increase in the Pb? concentration. These results can contribute to the design of new
fluorescence materials based on 1,8-naphthalimide derivatives.
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Figure 7. Fluorescence spectra of the 3f probe under the same conditions except for the addition of

different amounts of Pb2*.

3 Experimental

3.1 Chemicals and instruments

All of the solvents and reactants are commercially available and were used without
purification. The melting points were determined using a Beijing Taike melting point
apparatus (X-4) and were uncorrected. The '"H NMR and *C NMR spectra were recorded on a
Bruker AVANCE 300 MHz or 400 MHz nuclear magnetic resonance spectrometer using CDCl3
or DMSO-ds as the solvent and TMS as the internal standard. The mass spectra were recorded
on a Waters XevoTQ mass spectrometer. The elemental analysis was performed on FLASH
EA1112 elemental analyzer. Absorption spectra were collected using a PERSEE TU-1900
ultraviolet spectrophotometer. Fluorescence emission spectra were obtained on a Perkin
Elmer LS55 fluorospectrophotometer. The X-ray data were collected on a Bruker AXSII CCD
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area-detector diffractometer using graphite monochromated Mo Ka radiation (A = 0.71073 A)
at 293(2) K. All of the calculations were performed with the SHELX-97 program package
[24,25].

3.2 Synthesis of N-n-butyl-4-bromo-1,8-naphthalimide (1)

N-n-Butyl-4-bromo-1,8-naphthalimide was prepared by modifying a previously reported
procedure [26] to obtain an improved yield of 84%. 4-Bromo-1,8-naphthalic anhydride (58
mmol, 16.1 g) and n-butylamine (60 mmol, 4.4 g) were heated under reflux in ethanol (250 mL)
with vigorous stirring for 12 h under Nz. Then, the mixture was cooled, and the precipitated
solids were filtered and recrystallized from ethanol to yield 13.5 g (70%) of a light-yellow
product. mp 105-106C; 'TH NMR (DMSO-ds, 300 MHz), 6 (ppm): 7.92-8.52 (m, 5H), 3.98-4.03 (t,
J=7.3 Hz, 2H), 1.56-1.66 (m, 2H), 1.31-1.39 (m, 2H), 0.90-0.95 (t, ]=7.3Hz, 3H). Anal. Calcd. For
CisH14BrNO2 (%): C, 57.85; H, 4.25; N, 4.22. Found: C, 57.80; H, 4.18; N, 4.28.

3.3 Synthesis of N-n-butyl-4-N",N -dihydroxyethyl-1,8-naphthalimide (2)

N-n-Butyl-4-(N",N"-dihydroxyethyl)amino-1,8-naphthalimide was obtained using a
procedure similar to that reported by Guo et al. [27]. N-n-Butyl-4-bromine-1,8-naphthalimide
(452 mmol, 15 g) and diethanolamine (75 mL mmol) were mixed in ethylene glycol
monomethyl ether (100 mL). The mixture was refluxed for 6 h. The crude product was purified
by column chromatography using silica gel, with an EtOAc and light petroleum (v:v=1:4)
solution as the eluent. N-n-Butyl-4-(N',N -dihydroxyethyl)amino-1,8-naphthalene imide
(BNI) was obtained as a yellow solid at a yield of 20.4%. mp 129-130°C; '"H NMR (400 MHz,
CDCls) 0 (ppm) 8.88-7.28 (m, 5H), 4.16-4.12 (t, ]=7.2 Hz, 2H), 3.85-3.88 (t, ]=5.2 Hz, 4H),
3.61-3.64 (t, ]=5.2 Hz, 4H), 2.81 (s, 2H), 1.68-1.69 (m, 2H), 1.43-1.45 (m, 2H), 0.96-0.99(t, ]=7.2 Hz,
3H). 3C NMR (100 MHz, CDCls) d (ppm) 164.34, 163.91, 154.28, 131.18, 131.22, 130.85, 130.14,
127.24, 125.65, 122.92, 117.18, 117.05, 59.73, 59.73, 55.33, 55.33, 40.10, 30.20, 20.38, 13.85. Anal.
Calcd. for C20H2N204 (%): C 67.40; H 6.79; N 7.86. Found: C 67.28; H 6.86; N 7.95.

3.4 General procedure for the synthesis of N-n-butyl-4-[N",N -dihydroxyethyl]-1,8-naphthalene imide

A mixture of BNI (1.0 g 2.81 mmol) and TEA (0.63 g, 6.25 mmol) solution in
dichloromethane (40 mL) was stirred, and substituted benzoyl chloride (6.25 mmol) was then
slowly added over 30 min and allowed to react for 8 h at 25°C. The product was neutralized by
saturated Na2COs@q and purified by column chromatography on a silica gel column using
cyclohexane-EtOAc (v:v=1:3) as the eluent.

3.4.1 [(2-Butyl-1,3-dioxo0-2,3-dihydro-1H-benzo[de]isoquinolin-6-yl)imino]diethane-2,1-diyl
dibenzoate (3a)

Yield 46.0%, yellow solid, mp 148-150°C; IR (KBr, «f/cm-1) 3059-2897 (C-H), 1719 (C=O).
1H NMR (400 MHz, CDCl3) 6 (ppm) 8.53-7.28 (m, 15H), 4.54-4.51 (t, J=5.2 Hz, 4H), 4.17-4.13 (t,
J=7.2 Hz, 2H), 3.91-3.88 (t, J=5.2 Hz, 4H), 1.75-1.67 (m, 2H), 1.50-1.41 (m, 2H), 1.01-0.97 (t, J=7.8
Hz, 3H). C NMR (100 MHz, CDCL) 6 (ppm) 166.15, 166.15, 164.28, 163.64, 153.96, 153.96,
133.13, 133.13, 131.74, 131.19, 130.26, 129.93, 129.51, 129.42, 128.27, 128.27, 128.27, 128.27,
127.61, 127.61, 125.92, 125.92, 123.92, 123.20, 118.85, 117.69, 62.06, 62.06, 52.76, 52.76, 40.03,
30.24, 20.39, 13.88. MS (ESI) m/z: 565 (M+H)". Anal. Calcd. for CssH:N20s (%): C 72.32; H5.71; N
4.96. Found: C 72.44; H 5.68; N 4.82.

3.4.2 [(2-Butyl-1,3-diox0-2,3-dihydro-1H-benzo[de]isoquinolin-6-yl)imino]diethane-2,1-diyl
bis(2-methylbenzoate) (3b)
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Yield 48.2%, yellow solid, mp 94-95°C; IR (KBr, v /ecm) 2959-2871 (C-H), 1717 (C=0). 'H
NMR (300 MHz, CDCls) 6 (ppm) 8.54~7.08 (m, 13H) 4.51-4.47 (t, ]=5.4 Hz, 4H), 4.17-4.12 (¢,
J=7.5 Hz, 2H), 3.96-3.87 (t, ]=5.4 Hz, 4H), 2.46 (s, 6H), 1.74-1.66 (m, 2H), 1.49-1.42 (m, 2H),
1.02-0.97 (t, 3H). BC NMR (75 MHz, CDCls) 6 (ppm) 166.96, 166.96, 164.38, 163.72, 153.96,
140.52, 140.52, 132.28, 132.28, 131.76, 131.76, 131.25, 130.47, 130.47, 130.31, 129.99, 128.68,
128.68, 127.55, 125.92, 125.92, 125.59, 125.59, 123.27, 118.70, 117.67, 61.68, 61.68, 52.83, 52.83,
40.12, 30.30, 21.75, 21.75, 20.46, 13.93. Anal. Calcd. for CssH3sN20s (%): C 72.95; H 6.12; N 4.73.
Found: C 72.98; H 6.21; N 4.78.

3.4.3 [(2-Butyl-1,3-dioxo0-2,3-dihydro-1H-benzo[de]isoquinolin-6-yl)imino]diethane-2,1-diyl
bis(4-methylbenzoate) (3c)

Yield 30.4%, yellow solid, mp 104-105°C; IR (KBr, ¥ /cm-1) 2957-2927 (C-H), 1707 (C=O).
'H NMR (400 MHz, CDCls) 6 (ppm) 8.56-7.13 (m, 13H), 4.53-4.51 (t, J=5.6 Hz, 2H), 4.20-4.17 (t,
J=7.6 Hz, 2H,), 3.91-3.88 (t, J=5.2 Hz, 2H), 3.57-3.56 (m, 1H), 3.31-3.30 (m, 1H), 2.45-2.38 (m, 8H),
1.76-1.75 (m, 1H), 1.74-1.39 (m, 7H). 13C NMR (100 MHz, CDCls) § (ppm) 171.88, 171.88, 166.32,
164.41, 163.76, 154.15, 154.15, 144.49, 143.91, 139.17, 134.15, 134.15, 130.24, 130.24, 130.24,
130.24, 129.51, 129.51, 129.19, 129.19, 129.01, 129.01, 126.76, 126.76, 126.41, 118.84, 61.94, 61.94,
52.79, 52.79, 40.09, 30.33, 21.76, 21.76, 20.42, 13.89. MS (ESI) m/z: 593 (M+H)*. Anal. Calcd. for
CsH3sN20s (%): C 72.95; H 6.12; N 4.73. Found: C 72.79; H 6.25; N 4.82.

3.4.4 [(2-Butyl-1,3-dioxo0-2,3-dihydro-1H-benzo[de]isoquinolin-6-yl)imino]diethane-2,1-diyl
bis(4-chlorobenzoate) (3d)

Yield 33.7%, yellow solid, mp 88-90°C; IR (KBr, ¥ /em) 2957-2871 (C-H), 1718, 1690, 1664
(C=0). 'H NMR (400 MHz, CDCls) 6 (ppm) 8.56-7.28 (m, 13H) 4.52-4.49 (t, J=5.4 Hz, 4H),
4.19-4.11 (m, 2H), 3.88-3.84 (t, J=5.4 Hz, 4H), 1.74-1.68 (m, 2H), 1.51-1.41 (m, 2H), 1.01-0.96 (t,
J=7.2 Hz, 3H). ®C NMR (100 MHz, CDCLs) 6 (ppm) 165.35, 164.25, 163.62, 153.73, 139.80, 139.80,
131.72, 131.35, 130.82, 130.82, 130.82, 130.82, 130.09, 129.97, 128.71, 128.71, 128.71, 128.71,
127.93, 127.93, 127.70, 126.09, 126.09, 123.34, 118.90, 117.99, 62.25, 62.25, 52.82, 52.82, 40.21,
30.33, 20.46, 13.91. MS (ESI) m/z: 633 (M+H)". Anal. Calcd. for C3HsClN20s (%): C 64.46; H
4.77;N 4.42. Found: C 64.55; H 4.71; N 4.38.

3.4.5 [(2-Butyl-1,3-diox0-2,3-dihydro-1H-benzo[de]isoquinolin-6-yl)imino]diethane-2,1-diyl
bis[4-(trifluoromethyl)benzoate] (3e)

Yield 20.8%, yellow solid, mp 100-101°C; IR (KBr, ¥ /em-1) 2960-2926 (C-H), 1731 (C=O).
1H NMR (400 MHz, CDCL3) § (ppm) 8.58-8.46 (m, 2H), 7.91-7.89 (t, ]=4.0 Hz, 3H), 7.62-7.48 (m,
5H), 4.58-4.55 (t, ]=5.6 Hz, 3H), 4.18-4.15 (t, ]=7.6 Hz, 2H), 3.92-3.89 (t, ]=5.2 Hz, 3H), 1.49-1.28
(m, 4H), 1.01-0.98 (m, 8H). *C NMR (100 MHz, CDCls) & (ppm) 164.97, 164.97, 164.13, 163.54,
163.54, 153.51, 153.51, 134.89, 134.57, 132.70, 132.70, 131.65, 131.65, 131.37, 129.82, 129.82,
129.82, 129.82, 127.79, 126.14, 126.14, 125.38, 125.38, 125.34, 125.34, 123.39, 119.01, 118.20, 62.54,
62.54, 52.82, 52.82, 40.11, 30.21, 20.39, 13.80. MS (ESI) m/z: 701 (M+H)". Anal. Calcd. for
C36Ha0FsN20s (%): C 61.71; H 4.32; N 4.00. Found: C 61.65; H 4.44; N 4.08.

3.4.6 [(2-Butyl-1,3-diox0-2,3-dihydro-1H-benzo[de]isoquinolin-6-yl)imino]diethane-2,1-diyl
bis(2,4-dichlorobenzoate) (3f)

Yield, 65.0%, yellow solid, mp 87-88°C; IR (KBr, v /cm™): 2961-2866 (C-H), 1731, 1710,
1652 (C=0). '"H NMR (300 MHz, CDCls) 6 (ppm) 8.58-7.15 (m, 11H) 4.54-4.5 (t, ]=5.4 Hz, 4H),
4.20-4.15 (t, J=7.5 Hz, 2H), 3.91-3.87 (t, J]=5.4 Hz, 4H), 1.77-1.67 (m, 2H), 1.50-1.42 (m, 2H),
1.02-0.97 (m, J=7.2 Hz, 3H). *C NMR (75 MHz, CDCls) d (ppm) 164.28, 164.28, 163.61, 163.61,
153.58, 138.80, 135.05, 135.05, 132.44, 132.44, 132.44, 131.67, 131.39, 131.15, 131.15, 131.15,
130.12, 129.95, 12.95, 127.58, 127.40, 126.92, 126.15, 123.34, 118.82, 117.95, 62.57, 62.57, 52.62,

d0i:10.20944/preprints201705.0167.v1
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52.62, 40.19, 30.33, 20.45, 13.91. MS (ESI) m/z: 703 (M+H)*. Anal. Calcd. for CssH2sClsN20s (%): C
58.14; H 4.02; N 3.99. Found: C 58.26; H 3.95; N 3.89.

3.4.7
2-[(2-butyl-1,3-diox0-2,3-dihydro-1H-benzo[de]isoquinolin-6-yl)-(2-hydroxy-ethyl)-amino]-et
hyl ester (4a)

Yield 61.4%, yellow solid, mp 158-159°C; IR (KBr, v /em) 3396 (O-H), 2965-2820 (C-H),
1720 (C=0). 'H NMR (400 MHz, CDCls) 6 (ppm) 8.55-7.45 (m, 10H), 6.71 (d, J=8.4 Hz, 1H), 6.01
(s, 1H), 4.78 (t, J=10.4 Hz, 2H), 4.14 (t, ]=11.2 Hz, 4H), 3.78 (t, J=10.4 Hz, 2H), 2.03 (s, 2H), 1.69 (t,
J=15.2 Hz, 2H), 1.24 (s, 2H), 0.95 (t, J=14.8 Hz, 3H). 3C NMR (100 MHz, CDCls) 6 (ppm) 167.83,
164.64, 164.13, 164.13, 149.04, 149.04, 134.24, 133.62, 131.14, 131.14, 129.81, 129.35, 128.58,
128.58, 126.07, 125.03, 123.19, 120.41, 111.06, 63.17, 60.40, 60.16, 43.98, 40.02, 30.33, 20.45, 13.89.
MS (ESI) m/z: 461 (M+H)*. Anal. Calcd. for C2rH2sN205 (%): C 70.42; H 6.13; N 6.08. Found: C
70.34; H 6.25; N 6.03.

3.4.8
2-[(2-Butyl-1,3-dioxo0-2,3-dihydro-1H-benzo[de]isoquinolin-6-y1)(2-hydroxyethyl)amino]ethyl
-2-methylbenzoate (4b)

Yield 57.6%, yellow solid, mp 179-180°C; IR (KBr, ¥ /cm) 3367 (OH), 2957-2927 (C-H),
1717 (C=0). 'H NMR (400 MHz, CDCl3) 6 (ppm) 8.60-7.37 (m, 9H), 6.76-6.74 (d, J=8.0 Hz, 1H),
5.31 (s, 1H), 4.80 (t, 2H), 4.18-4.16 (t, ]=6.8 Hz, 4H), 3.81 (t, 2H), 2.42 (d, J=8.4 Hz, 3H), 1.73-1.71
(d, J=6.8 Hz, 2H), 1.47-1.45 (m, 2H), 1.27 (t, 3H), 0.98 (t, 3H). *C NMR (100 MHz, CDCLs) &
(ppm) 171.66, 168.02, 164.68, 164.17, 149.13, 138.44, 138.29, 134.48, 131.16, 131.16, 130.69, 128.37,
126.95, 126.17, 125.00, 123.16, 120.42, 110.98, 104.11, 63.12, 43.96, 43.96, 40.04, 30.33, 29.72, 21.27,
20.45, 13.90. MS (ESI) m/z: 475 (M+H)*. Anal. Calcd. for C2sH3oN205 (%): C 70.87; H 6.37; N 5.90.
Found: C 70.75; H 6.44; N 5.92.

349
2-[(2-Butyl-1,3-diox0-2,3-dihydro-1H-benzo[de]isoquinolin-6-yl)(2-hydroxyethyl)amino]ethyl
-4-methylbenzoate (4c)

Yield 61.2%, yellow solid, mp 168-169°C; IR (KBr, ¥ /em) 3362 (O-H), 2957-2825 (C-H),
1704 (C=0). 'H NMR (400 MHz, CDCLs) & (ppm) 8.59-7.25 (m, 9H), 4.81-4.78 (t, ]=5.2 Hz, 2H),
420-4.13 (t, ]=7.6 Hz, 3H), 3.81-3.79 (t, ]=5.2 Hz, 2H), 2.45-2.43 (d, ]-8.8 Hz, 3H), 2.07 (s, 1H),
1.75-1.74 (m, 2H), 1.45 (m, 2H, CHz), 0.95 (t, ]=14.8 Hz, 3H). 3C NMR (100 MHz, CDCL) &
(ppm) 171.28, 167.94, 164.67, 164.17, 149.13, 144.49, 134.30, 131.14, 131.14, 130.23, 130.23, 129.85,
129.29, 126.15, 125.00, 123.16, 120.41, 110.96, 104.06, 63.01, 60.42, 60.42, 44.03, 40.03, 30.37, 21.72,
20.46, 13.90. MS (ESI) m/z: 475 (M+H)+. Anal. Calcd. for C2sH3N205 (%): C 70.87; H 6.37; N 5.90.
Found: C 70.72; H 6.48; N 5.95.

3.4.10
2-[(2-Butyl-1,3-diox0-2,3-dihydro-1H-benzo[de]isoquinolin-6-yl)(2-hydroxyethyl)amino]ethyl
-4-chlorobenzoate (4d)

Yield 60.5%, yellow solid, mp 167-168°C; IR (KBr, ¥ /em) 3361 (O-H), 2958-2927 (C-H),
1720 (C=0). 'H NMR (400 MHz, CDCls) § (ppm) 8.53-7.41 (m, 9H), 6.71-6.69 (d, J=8.4 Hz, 1H),
5.98 (s, 1H), 4.77-4.75 (t, ]=4.8 Hz, 2H), 4.14-4.11 (t, ]=8.4 Hz, 4H), 3.80-3.77 (t, ]=5.2 Hz, 2H), 2.03
(s, 1H), 1.70 (m, 2H), 1.42 (m, 2H), 0.95-0.91 (t, ]=6.4 Hz, 3H). 3C NMR (100 MHz, CDCl3) &
(ppm) 166.84, 164.59, 164.08, 164.08, 149.00, 140.13, 134.18, 131.14, 131.14, 129.68, 128.92, 128.92,
127.78, 126.05, 125.01, 123.17, 120.40, 111.07, 104.08, 63.39, 60.41, 43.80, 40.02, 30.33, 20.45, 14.22,
13.89. MS (ESI) m/z: 495 (M+H)*. Anal. Calcd. for CrHxN:20s (%): C 65.52; H 5.50; N 5.66.
Found: C 65.59; H 5.42; N 5.72.
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3.4.11
2-[(2-Butyl-1,3-diox0-2,3-dihydro-1H-benzo[de]isoquinolin-6-yl)(2-hydroxyethyl)amino]ethyl
-4-(trifluoromethyl)benzoate (4e)

Yield 50.4%, yellow solid, mp 161-162°C; IR (KBr, ¥ /cm) 3389 (O-H), 2886-2775 (C-H),
1715 (C=0). 'H NMR (400 MHz, CDCLs) 6 (ppm) 8.56-7.62 (m, 9H), 6.75-6.73 (d, J=4.8 Hz, 1H),
5.96-5.95 (m, 1H), 4.82-4.80 (t, J=4.8 Hz, 2H), 4.16-4.12 (t, ]=7.2 Hz, 4H), 3.84-3.81 (t, J=5.2 Hz,
2H), 2.03 (s, 1H), 1.71-1.67 (m, 2H), 1.45-1.39 (m, 2H), 1.26 (s, 1H), 0.97-0.93 (t, J=7.2 Hz, 3H). 13C
NMR (100 MHz, CDCls) & (ppm) 166.47, 164.58, 164.09, 164.09, 148.98, 134.17, 133.70, 133.14,
131.22, 131.12, 131.12, 129.69, 129.40, 126.82, 126.13, 125.00, 123.16, 120.47, 111.14, 104.20, 63.48,
63.48, 63.48, 43.39, 40.01, 30.34, 20.45, 13.90. MS (ESI) m/z: 529 (M+H)" Anal. Calcd. for
CasHa7F3N20s (%): C 63.63; H 5.15; N 5.30. Found: C 63.74; H 5.20; N 5.19.

3.4.12
2-[(2-Butyl-1,3-diox0-2,3-dihydro-1H-benzo[de]isoquinolin-6-yl)(2-hydroxyethyl)amino]ethyl
-2,4-dichlorobenzoate (4f)

Yield 62.3%, yellow solid, mp 178-179°C; IR (KBrt, ,;gfdg/cm-l) 3377(0-H), 2959-2929 (C-H),
1725-1640 (C=0). 'H NMR (300 MHz, CDCls) 6 (ppm) 8.63-6.76 (m, 8H), 4.83-4.79 (t, ]=4.5 Hz,
2H), 4.20-4.15 (t, J=7.5 Hz, 2H), 3.85-3.82 (t, ]=4.8 Hz, 2H), 2.07-2.06 (s, 1H), 1.73-1.72 (m, 2H),
1.49-1.42 (m, 2H), 1.27(s, 3H), 1.00-0.96 (t, ]=4.5 Hz, 3H), 0.86 (m,1H). 3C NMR (75 MHz,
CDCls) 6 (ppm) 165.78, 164.61, 164.11, 148.78, 139.14, 134.94, 134.18, 132.77, 131.24, 131.22,
129.73, 127.56, 127.31, 125.91, 125.14, 123.32, 120.47, 111.42, 104.25, 63.66, 43.42, 40.04, 40.40,
30.32, 29.72, 20.45, 13.90. Anal. Calcd. for C2zH26C12N20s (%): C 61.25; H 4.95; N 5.29. Found: C
61.28; H 4.90; N 5.25.

4 Conclusion

A series of novel N-n-butyl-1,8-naphthalimide derivatives with mono- and
di-substitution at position 4 were synthesized via direct arylation. All of the compounds were
characterized by 'H NMR, ®C NMR and MS. To further confirm the structure of the
synthesized products, the single-crystal structure of 3f was determined. The absorption and
fluorescent emission of the compounds were investigated. Some electron-donating groups
resulted in a blue shift of the emission maxima. The mono-substituted compounds affected the
fluorescence intensity of the novel 1,8-naphthalimide derivatives. Among the derivatives,
compound 4f exhibited the highest fluorescence intensity with the highest emission
maximum. The di-substituent of the hydroxyl group, which exerted a space steric effect,
resulted in a bathochromic shift in the emission maximum. Because of this space steric effect,
the fluorescence emissions of all of the mono-substituted compounds exceeded those of the
di-substituted compounds.
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