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A 3 ¥ 3 matrix of disubstituted N-aryl-1,8-naphthalimides was synthesized for the evaluation and
discovery of dual fluorescence (DF). The matrix elements included for this study were based on a
predictive model that is proposed as a seesaw balanced photophysical model. This model serves as a
guide to optimize the dual fluorescence emission from N-phenyl-1,8-naphthalimdes by appropriate
placement of substituent groups at both the 4-position of the N-arene as well as the 4¢-position of the
naphthalene ring. Steady-state fluorescence studies under a variety of solvents indicate that four of the
nine dyes in the matrix are dual fluorescent. To provide a more quantitative description of the model,
cyclic voltammetry experiments were used to calculate HOMO/LUMO energies of the aromatic
components that comprise these DF dyes and give evidence in support for potential mixing of S1 and S2

excited states. Given the difficulties in predicting excited state properties such as molecular fluorescence,
this ratio of four out of nine “hits’ for discovering DF signifies proof of principle for this proposed
model and should provide a rational basis for the synthesis of future DF 1,8-naphthalimide systems.

Introduction

While it is highly desirable to predict fluorescence features of
organic dyes from first principles, for relatively large molecule
systems, the current level of computation cannot obtain the full
potential energy surfaces for the ground state and the excited state.1

Semiempirical methods have made some progress in predicting
excited state charge transfer properties using time-dependent den-
sity functional theory (TDDFT). For example, this computational
method has confirmed the dual fluorescent (DF) properties for
dimethylaminobenzonitrile (DMABN) and related compounds.2

Nevertheless, given the complexities involving solvent, substituent
groups, and the underlying photophysical pathways, chemists
have resorted principally to combinatorial synthetic approaches
to obtain optimal features such as brightness, large Stokes shift,
etc.3 A rational approach to the design and synthesis of dyes
is preferable since less material is required and fewer optical
measurements are needed.

Generally, dual fluorescent molecules can be categorized as
either tautomeric systems such as the benzofluroscein class of com-
pounds or TICT systems based on DMABN and its analogues.4,5

Recently, two-color emission band separation has been im-
proved by exploring the initial and phototautomer states of the
3-hydroxyflavone (3HF) family of compounds.6 These two-color
dyes were developed using an “internal Stark-effect” uniquely
applied to their structure. N-Arylnaphthalimides, specifically
1,2-, 2,3-, and 1,8-naphthalimides, appear to be a class of
fluorescent dyes unlike either category and represent one of the few
exceptions to the well-established model of TICT compounds.7

Within just the past few years, there has been an upsurge in
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the number of reports on the photophysics and applications of
NI based dyes.8 The two-color emission that certain NI dyes
display places them among a select few that exhibit so-called
“OR–OR switching” in a reversible excited state.9 This category
of dyes along with electrochromic hydroxyquinoline dyes10 are
particularly useful as probes since they provide internal calibration
via two-channel output for more accurate analyte detection.
Moreover, because the dual fluorescence bands are spread over
the entire visible region, the color of the emission appears white
and may be applicable as a new lighting source.11

Berces and coworkers have studied N-substituted-1,8-
naphthalimides extensively and reported that two emitting states,
S1 and S2, are responsible for the short-wavelength (SW) and long-
wavelength (LW) fluorescence, respectively.12 Their identification
of the first and second excited singlet states is supported by
Hückel MO calculations carried out for the parent 1,8-NI.12 The
calculated electron distributions for the frontier molecular orbitals
involving S0 → S1 and S0 → S2 transitions are relevant to coplanar
geometries and given in Fig. 1. From these seminal studies,
a valence bond description was developed to account for the
presence of two excited states in equilibrium. This model depicts
the two emitting states with rotational dynamics existing between
two predominant conformations. The LW emission results from
a coplanar configuration and SW emission results from an
orthogonal configuration. While this model provides insights into
the causes of dual fluorescence, it does not fully explain why some
1,8-naphthalimide systems display only LW emission while others
display SW emission and a few display both Therefore, this paper
attempts to provide a more quantitative explanation for DF (and
less phenomenological description) by investigating the relative
energies of the frontier molecular orbital of N-aryl-4-substituted
naphthalimides.

In an earlier report, we implemented a synthetic matrix ap-
proach to discover DF dyes by preparing a forty-two element
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Fig. 1 Relevant molecular orbitals of N-phenyl-1,8-naphthalimide scaffold. Seesaw model depicts energies of HOMO and HOMO-1 in their initial
calculated positions. With proper arene substituents indicated in bold, the seesaw becomes balanced whereby HOMO-1 gains parity with HOMO energy
level thereby promoting both SW and LW emission.

matrix of N-aryl-1,8-NI’s.13 From that synthetic matrix of dyes, five
indicated a combination of substituents on both the naphthalene
component and the arene ring necessary for promoting DF. Based
on those findings, we developed a photophysical model (Fig. 1),
best described as a seesaw whereby balance between electron
donation into the N-arene and electron withdrawal from the
naphthalimide is required to promote the two-color spectrum.
According to this model, electron-withdrawing groups (EWG)
on either the naphthalene ring or phenyl ring promote short
wavelength (SW) emission by decreasing the energy of the charge
transfer; conversely, electron-donating groups (EDG) on both
sides are responsible for long wavelength (LW) emission. If,
however, the naphthalimide ring has an EDG and the phenyl ring
has an EWG, the dye displays LW emission; hence the pronounced
arrows on the side of NI. Finally, if an EWG is placed on the
naphthalene ring and an electron-releasing group on phenyl, the
two states appear to be equalized as evidenced by both SW and
LW emission.

To prove the validity of this balanced beam model, we present
a more focused nine element matrix that gives a much higher
percentage of DF emission. In addition to previously reported op-
tical measurements,14 experimentally obtained values for HOMO
and LUMO energy levels are used as evidence to support the
equal mixing of both SW and LW states. As indicated in Fig. 1,
electron transfer from the HOMO to the LUMO occurs from the
p* orbitals of the carbonyl groups to the naphthalene moiety,
in which the electrons of the aniline group do not participate.
Orbital densities (obtained via computation using Gaussview)15

for both HOMO and LUMO indicate virtually zero electron
density at the aniline group, so electron transfer between these
molecular orbitals is consistent with an orthogonal geometry.
This excited state is expected to relax via radiative decay as SW
emission. A comparison between the electron distributions in
HOMO-1 and LUMO orbitals, however, indicates that electron

density undergoes a longer distance shift from the aniline ring
to naphthalene moiety. This S2 state reverses the direction of
the dipole moment in relation to the ground state, thus giving
rise to charge-transfer character (ICT) states responsible for
solvent stabilized LW fluorescence. Recent efforts have focused
on the use of donor groups located on the arenes of N-aryl-1,8-
naphthalimides to promote LW emission; whereas obtaining two-
color emission from NI dyes has been less predictable.12 Therefore,
to promote parity between both excited state populations (S1 and
S2) necessary for two-color emission, the electronic properties of
both aromatic ring systems must be adjusted.

Results and discussions

The 3 ¥ 3 matrix of compounds was prepared using two
commercially available compounds, specifically, 4-chloro- and
4-sulfonaphthalic anhydride along with 4-cyanonaphthalic anhy-
dride via palladium-catalyzed cyanation of 4-bromonaphthalic
anhydride (Scheme 1).4 These three anhydrides were coupled

Scheme 1 Synthetic scheme for 3 ¥ 3 matrix elements
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with electron-releasing aminoarenes that have either 4-methoxy,
4-amino- or 4-thiol functional groups.

The synthesis of each element of the 3 ¥ 3 matrix involved simple
coupling in a 1 : 1 ratio of the 4-substituted naphthalimide with
the respective aminoarenes in a minimum amount of pyridine as
solvent.

Absorption

In the case of N-aryl-1,8-naphthalimides, the overlap with other
transitions has been shown to make identification of the S0 →
S1 and S0 → S2 transitions difficult. However, based on earlier
reports involving N-aryl-2,3-naphthalimides of same symmetry
(C2), transitions corresponding to structured absorption bands
in the longer wavelength range (i.e. 340–360 nm) are tentatively
assigned to p–p* transition from HOMO → LUMO.14 Whereas
the next (HOMO-1 → LUMO) transition has been shown to be
a less intense band in the shorter wavelength region (i.e. 285–
340 nm) and corresponds to an (n, p*) state. The intensity of
this transition has been shown to increase with increasing charge
transfer character.16 As shown in Fig. 2, the absorption spectra of
dyes 1 and 4 show significant absorption for the shorter wavelength
region. However, based on the observation that compounds 2 and 6
have relatively low intensity absorption in this region, the increases
for 1 and 4 may be due to the nitrile functionality that is common to
both naphthalimide components. In either case, all four dyes show
absorption intensities in the shorter wave region (285–340 nm)
well above baseline beginning at wavelengths greater than 360 nm.

Fluorescence

Of the nine compounds included in this matrix, four displayed the
well-separated LW and SW emission bands that fit our criteria
for DF dyes (Fig. 2). Fluorescence profile bands for systems
that display the two-color phenomena are similar to those we
reported earlier and by Berces in that the SW peak is generally
more sharp than the broader LW band.12 This photophysical
feature for the SW band has already been ascribed to the S1

transition whereas the LW band appears to be the result of S2

emission. For the three cyano-substituted NI systems, both the
methoxyarene and aminoarene derivatives displayed two bands
with the greatest parity. Because this 3 ¥ 3 matrix varies in both NI
substitution as well as arene substitution, the fluorescence profiles
can be viewed as being dependent on the electronic properties
of both substituents. As illustrated in our model, DF depends
on the balance or more appropriately, mixing between HOMO
and HOMO-1 energy levels. Substituent groups with greater
orbital overlap (e.g. C–OR > C–S) are expected to stabilize this
excited state extended conformation. Alternatively, SW emission
results from the near orthogonal conformation as first introduced
by Bérces.16 For example, none of the thiophenyl derivatives
displayed DF; only a single emission band. Sulfur substitution
in the form of 4-thiophenyl groups has less overlap with the
aromatic ring and is more electropositive than oxygen as in the
form of a methoxy group. So its ability to serve as an electron
donor is diminished relative to a 4-methoxyarene. Therefore, the
4-methoxyarene systems tend to provide a relatively good ratio
(two out of three hits) in our assay for DF dyes. Two of the
4-methoxyarene derivatives, specifically, 4-methoxyphenyl-4-

Table 1 Summary of fluorescence wavelengths and quantum yields

Entry
Excitation
l/nm

Emission
l/nm φF (10-3)

r = φF
LW/

(φF
SW + φLW)

1 410 521, 603 46, 46 0.50
2 340 369, 512 0.36, 0.28 0.44
3 410 505 7.7
4 420 520, 576a 5.1, 25 0.83
5 340 426 1.3
6 340 437, 569 2.5, 3.8 0.60
7 410 553 17
8 340 388 1.6
9 345 500 2.6

a In the event of a dual fluorescence response, excitation wavelengths were
selected in order to maximize the fluorescence intensities of both SW and
LW emission. Fluorescence quantum yields relative to quinine sulfate in
water. Errors are in the order of ± 5% for quantum yields. The values for
this data set were obtained from dichloromethane. (a) Data taken using
acetonitrile as solvent. (b) Data taken using acetone as solvent.

cyano NI (1) and 4-methoxyphenyl-4-sulfo NI (2) gave distinct
two-color emission. The 4-methoxyphenyl-4-cyano NI (1) shows
the two bands with the greatest parity. Here, the greater orbital
overlap with the ether oxygen as the donor group and the
arene component may account for the necessary balance to
manifest two-color emission. According to ratios of SW to LW
fluorescence intensity in Table 1, where r = U f

LW/(U f
SW + U f

LW),
the contribution of the LW component to the fluorescence (i.e.
their ratio r) increases with p-NH2 substitution.

HOMO/LUMO energy values

To gain a more quantitative understanding of the frontier molecu-
lar orbitals involved, cyclic voltammetry experiments were carried
out on the aromatic components that comprise this matrix of dyes.
According to the following equations proposed by Gilman,17

EHO = -EOX (V, vs. AgCl) - 4.72 (1a)

ELV = -EHO + E lmax (eV), (1b)

(or)

ELV = -4.42 – ERed (V, vs. Ag/AgCl), (2a)

EHO = -ELV – E lmax (eV), (2b)

the energy of the highest occupied level EHO and lowest unoccupied
level ELV of the dye can be calculated from the oxidation or reduc-
tion potential EOX or ERed of the dye, respectively, and the energy
Elmax (eV), which corresponds to the wavelength of maximum
absorption of the dye. The calculated values for the constituent
dye components are given in Table 2.19 These energy levels are
portrayed in the diagram below as being virtually separated due
to the C0 spacer inherent to the N-aryl-naphthalimide systems
(fig. 3).18 Based on recent studies by Takahashi et al. where
N-aryl-1,8-naphthalimides were shown to behave as molecular
dyads using electron-rich N-aryl systems, a similar comparison
was made by examining the individual building blocks of dyes
1–9.14 As noted in their work, it is the Marcus reorganizational
energy that brings these separate p-systems and their molecular
orbitals into coplanar orientation. Electron transfer is facilitated
in these systems by taking advantage of the electron-deficient
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Fig. 2 Absorption and corresponding dual fluorescence spectra of compounds 1, 2, 4, and 6 (1.0 ¥ 10-5 M) in solvents indicated. Fluorescence spectra
are normalized to the maximum of each data set. Excitation wavelengths are shown in Table 1.
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Table 2 Energy differences (in eV) between HOMO and LUMO for NI–
X and arene–Y systems

NI–X NI–X
HOMO/eV LUMO/eV DE |eV|

SO3H -6.72 SO3H -3.20 3.52
CN -6.82 CN -3.05 3.77
Cl -6.87 Cl -3.23 3.64

Ar–Y Ar–Y
HOMO/eV LUMO/eV

SH -5.01 SH -0.66 4.35
OCH3 -6.47 OCH3 -2.80 3.67
NH2 -7.48 NH2 -3.40 4.08

Ar–Y NI–X
HOMO/eV LUMO/eV

SH -5.01 SO3H -3.20 1.81
CN -3.05 1.96
Cl -3.23 1.59

OCH3 -6.47 SO3H -3.20 4.25
CN -3.05 3.42
Cl -3.23 3.24

NH2 -7.48 SO3H -3.20 4.28
CN -3.05 4.43
Cl -3.23 4.25

Fig. 3 Comparison between HOMO and LUMO levels of constituent
aromatic building blocks based on cyclic voltammetry results. Graph
indicates energy proximities of the amino and methoxy arenes to naph-
thalimides for both HOMO and LUMO levels. The HOMO and LUMO
energies of thioarene are well above these levels and indicate a lower
probability for coupling between these aromatic systems.

naphthalimide ring relative to the electron-rich arenes. Compared
to the first excited singlet state, which has been shown to be
mainly the HOMO → LUMO transition, Fig. 1 depicts the S2

transition where HOMO-1 is localized on the donor arene and
the LUMO on the acceptor part (naphthalimide). By inspection

of the relative energies of these dyad groups, it appears that both
amino and methoxy anilines have similar energy gap differences
between their HOMO/LUMO and the HOMO/LUMO of any
NI–X group.20 As shown in Table 2 and depicted in Fig. 3, all of the
differences (DE eV) for systems other than thioarenes are between
3.5–4.4 eV. Therefore, the probability of electronic coupling
between the two states increases and gives rise to emission bands
originating from both S1 and S2. One exception to this analysis
appears to be the aminoarene/sulfonaphthalimide dye 5 which did
not display DF despite attempts at temperatures higher than rt.21

Such exceptions continue to emphasize the difficulty in predicting
excited state outcomes of organic dyes.

Conclusion

In closing, a 3 ¥ 3 synthetic matrix was constructed for the
discovery of new dual fluorescent compounds. These dyes were
examined with the use of cyclic voltammetry and quantum chem-
ical calculations to verify the predictive ability of a photophysical
model for substituted N-phenyl-1,8-NI. Of the nine compounds
compared, four displayed DF phenomena. The dyes obtained from
this smaller matrix show an increase in quantum yield (by one
order of magnitude) relative to the first generation matrix. Such
improvements signify an added refinement in the strategy towards
brighter dyes with two-color emission and provide a useful guide
for the synthesis of additional DF dyes. Moreover, use of the
photophysical model gave far more “hits” than recently reported
combinatorial approaches in search of other useful photophysical
features (QY, stokes shift, etc.).3 Cyclic voltammetry measurements
were used to lend support to this model via HOMO/LUMO
energies of the individual donor and acceptor building blocks.
The Ered values obtained by this analysis provided energy levels
that were consistent with the steady state emission spectroscopic
features of the nine compounds included in this study. Therefore
a more quantitative description of orbital energies is provided for
these dyes relative to other dual fluorescent systems.

Given the difficulties in predicting photoemissive properties of
excited states, this increased percentage in DF species provides
added proof to the prescribed ‘see-saw’ model necessary for
promoting DF Our findings indicate that additional DF systems
for NI are best designed with heteroatom donor groups such as
nitrogen and oxygen and heteroatom acceptor groups with similar
principle quantum number. These findings bode well for future
investigations into symmetry-related 2,3-naphthalimide systems.
Investigations into these fluorophores are currently under way in
our lab. Applications of these DF dyes as luminescent platforms for
optical signaling in the field of chemosensors as well as biomarkers
are currently under way.

Experimental section

General experimental: in a typical reaction, 1 mmol of the 4-
substituted naphthalic anhydride was combined with 1.1 mmol
of the 4-substituted aminoarene. The reactants were refluxed in
approximately 3–4 mL pyridine for a period of 12 h. Pyridine was
removed in the fume hood via stream of air and the residue was
filtered using a plug of silica gel with the appropriate solvent as
found through TLC analysis. Recrystallization was further carried
out using ethanol.
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General procedure for preparation of 4-cyano-1,8-naphthalic
anhydride

4-Bromo-1,8-naphthalic anhydride (3.1 mmol) and tetraethyl
ammonium cyanide (7.0 mmol), CuCN (11.0 mmol), Pd2(dba)3

(0.12 mmol) [tris(dibenzylidene acetone)dipalladium], DPPF
(0.48 mmol) (1-diphenylphosphino-1-(di-tert-butyl phosphino)-
ferrocene were dissolved in 15 mL of anhydrous 1,4-dioxane.
The resulting mixture was refluxed in presence of argon gas
for 3 h. The reaction mixture was filtered over Celite-521 and
the product was purified in 50 : 50 of ethyl acetate and hexane
solution.

4-Cyano-N-(4¢-methoxyphenyl)-1,8-naphthalimide (1). m.p.
180–183 ◦C; 1H NMR DMSO-d6 d , 8.61 (dd, J = 7.7 Hz, 2H),
8.37 (d, J = 8.1 Hz, 1H), 8.35 (d, 8.0 Hz, 1H) 8.15 (dd, Japp =
7.5 Hz, 1H), 7.29 (d, J = 8.8 Hz, 2H), 7.07 (d, J = 8.5 Hz, 2H)
3.83 (s, 3H)

13C DMSO-d6, d 164.3, 159.5, 133.3, 132.3, 131.9, 131.7, 130.9,
130.6, 130.5, 129.8, 129.4, 128.7, 123.9, 114.8, 55.7.

IR cm-1 n = 2361, 1707, 1513, 1364, 1238, 1187, 829, 789.
Anal. Calcd. for C20H12N2O3: C, 73.2; H, 3.66; N, 8.54. Found:

C, 72.8; H, 3.74; N, 8.66

4-Sulfo-N-(4¢-methoxyphenyl-1,8-naphthalimide (2). m.p.
288–290 ◦C dec; 1H NMR DMSO-d6, d , 9.30 (d, J = 8.9 Hz,
1H), 8.47 (dd, J = 8.0 Hz, 2H), 8.26 (d, J = 6.9 Hz, 1H), 7.90 (dd,
Japp = 7.4 Hz, 1H), 7.34 (d, J = 14 Hz, 2H), 7.09 (d, J = 14 Hz,
2H). 3.83 (s, 3H)

13C NMR DMSO-d6 d , 164.3, 164.1, 159.5, 134.9, 134.7, 131.1,
130.8, 130.7, 130.5, 129.1, 128.9, 127.2, 123.9, 123.2, 115.2, 114.8,
56.0.

IR cm-1 n = 1658, 1514, 1243, 1262, 1196, 1070, 1032, 785, 754,
Anal. Calcd. for C19H13NSO6 K ∑2H2O: C, 50.0; H, 2.8; N, 3.06

Found: C, 49.7; H, 2.9; N, 3.10

4-Chloro-N-(4¢-methoxyphenyl)-1,8-naphthalimide (3). m.p.
215–218 ◦C; 1H DMSO-d6, d 8.68 (d, J = 8.6 Hz, 1H), 8.42 (d,
J = 7.1 Hz, 1H) 8.19 (d, J = 8.3 Hz, 1H), 7.69 (dd, Japp = 8.3 Hz,
1H), 7.21 (d, J = 8.5 Hz, 2H), 7.03, (d, J = 8.5 Hz, 2H), 6.89 (d,
J = 7.7 Hz, 1H), 3.83 (s, 3H)

13C DMSO-d6, d 164.9, 163.9, 159.2, 153.3, 134.5, 131.6, 130.7,
129.7, 129.6, 124.5, 122.9, 121.2, 120.0, 114.5, 108.7, 108.5, 55.9.

IR cm-1 n = 1650, 1513, 1240, 1022, 818, 790
Anal. Calcd. for C19H12NO3 : C, 75.4; H, 3.9; N, 4.64 Found: C,

75.3; H, 3.6; N, 4.78

4-Cyano-N-(4¢-aminophenyl)-1,8-naphthalimide (4). m.p. 218–
220 ◦C; 1H NMR DMSO-d6 d , 8.54 (d, J = 8.0 Hz, 2H), 8.31 (d,
J = 7.7 Hz, 1H), 8.20 (d, 7.7 Hz, 1H) 7.99 (dd, Japp = 8.0 Hz, 1H),
6.96 (d, J = 8.2 Hz, 2H), 6.65 (d, J = 8.5 Hz, 2H)

13CDMSO-d6, d , 163.9, 149.1, 132.2, 131.9, 131.5, 130.5, 130.1,
129.8, 129.8, 129.7, 129.5, 129.4, 129.3, 129.3, 124.2, 124.1,
123.3.

IR cm-1 n = 2359, 1709, 1654, 1514, 1374, 1237, 1168, 834, 783.
Anal. Calcd. for C19H11N3O2: C, 76.3; H, 3.68; N, 13.4: Found:

C, 76.7; H, 3.74, N, 13.2.

4-Sulfo-N-(4¢-aminophenyl-1,8-naphthalimide (5). m.p. 269–
272 ◦C; 1H DMSO-d6 d 9.38 (d, J = 8.6 Hz, 1H) 8.51–8.45 (m,
2H), 8.27 (d, J = 7.4 Hz, 1H), 7.90 (t, J = 7.4, 1H), 7.44 (d, Japp =
8.8 Hz, 2H), 7.34 (d, J = 8.6 Hz, 2H)

13C DMSO-d6 d 164.3, 163.9, 151.2, 135.9, 135.2, 134.9, 133.8,
131.0, 130.9, 129.2, 128.4, 127.3, 125.5, 123.6, 123.0, 122.1

IR cm-1 n = 1161, 1514, 1242, 1167, 1032, 751, 657.
Anal. Calcd. for C18H12N2SO5: C, 58.7; H, 3.26; N, 7.60. Found:

C, 58.3; H, 3.03, N, 7.59

4-Chloro-N-(4¢-aminophenyl)-1,8-naphthalimide (6). m.p.
234–236 ◦C dec; 1H DMSO -d6, d 8.62 (d, J = 8.6 Hz, 1H), 8.57
(d, J = 8.0 Hz, 1H), 8.42 (d, J = 8.0 Hz, 1H), 8.10–8.00 (m, 2H),
6.99 (d, J = 8.5 Hz, 2H), 6.66 (d, J = 8.6 Hz, 2H), 5.25 (s, 2H)

13C DMSO-d6 d 164.1, 163.8, 149.2, 137.8, 132.1, 131.4, 130.5,
129.7, 129.2, 129.1, 129.0, 128.2, 124.1, 123.9, 122.7, 114.3.

IR cm-1 n = 1712, 1662, 1303, 1009, 771, 751.
Anal. Calcd. for C18H11N2O2Cl: C, 67.1; H, 3.42; N, 8.69 Found:

C, 66.8; H, 3.38, N, 8.70

4-Cyano-N-(4¢-thiophenyl)-1,8-naphthalimide (7). m.p. 202–
204 ◦C; 1H NMR DMSO-d6 d , 8.64–8.56 (m, 4H), 8.13 (t, J =
7.5 Hz, 1H), 7.76 (d, 7.7 Hz, 2H) 7.48 (d, J = 8.0 Hz, 2H)

13C DMSO-d6, d 163.6, 163.2, 146.3, 136.5, 134.4, 132.4, 131.3,
131.1, 130.7, 130.6, 129.8, 128.0, 127.9, 116.7, 114.7.

IR cm-1 n = 2360, 1677, 1648, 1561, 1345, 1228, 790, 738.
Anal. Calcd. for C19H10N2SO2: C, 69.1; H, 3.03; N, 8.48. Found:

C, 68.8; H, 3.22; N, 8.45

4-Sulfo-N-(4¢-thiophenyl)-1,8-naphthalimide (8). m.p. 228–
231 ◦C dec; 1H DMSO-d6 d 9.31 (d, J = 8.5 Hz, 1H), 8.49 (pseudo
t, J = 7.8 Hz, 2H), 8.25 (d, J = 7.4 Hz, 1H) 7.91 (dd, Japp = 7.4 Hz,
1H), 7.75 (d, J = 8.5 Hz, 2H), 7.53 (d, J = 8.5 Hz, 2H)

13C DMSO-d6, d 164.4, 164.1, 150.6, 134.9, 134.7, 131.1, 130.8,
129.1, 128.9, 128.3, 127.4, 125.8, 125.5, 123.9, 123.2, 115.2.

IR cm-1, n = 1661, 1371, 1240, 1192, 1068, 1042, 783, 753.
Anal. Calcd. for C18H11NS2O5 K·3H2O: C, 45.2; H, 2.32; N,

4.84. Found: C, 45.2; H, 2.24; N, 4.76.

4-Chloro-N-(4¢-thiophenyl)-1,8-naphthalimide (9). m.p. 226–
228 ◦C dec; 1H DMSO-d6 d 8.64 (d, J = 8.2 Hz, 1H), 8.42 (d,
J = 7.4 Hz, 1H), 8.18 (d, J = 7.9 Hz, 1H), 7.67 (dd, Japp = 8.5 Hz,
1H), 7.46 (s, 2H), 7.18 (d, J = 7.5 Hz, 2H), 7.03 (d, J = 9.1 Hz,
2H), 6.87 (d, J = 8.6 Hz, 1H).

13C NMR DMSO-d6 d , 164.0, 163.9, 137.4, 132.9, 131.6, 131.3,
131.1, 130.9, 130.5, 130.3, 129.6, 128.3, 128.2, 124.4, 124.1, 115.7

IR cm-1, v = 1656, 1583, 1512, 1365, 1238, 1173, 818, 789.
Anal. Calcd. for C18H10NSO2Cl: C, 63.7; H, 3.11; N, 4.13 Found:

C, 63.4; H, 3.03; N, 4.10.
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