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ABSTRACT

The photophysical properties of naphthalimide-based fluorophores can be easily tuned by chemical manipulation of the
substituents on that privileged scaffold. Replacement of a OMe group at position 6 in 2-(hydroxyl)ethyl-naphthalimide derivatives
by diverse amines, including 2-(hydroxyl)ethylamine, trans-(4-acetamido)cyclohexylamine and azetidine increases the
solvatochromic (ICT) character, while this replacement in 2-(dimethylamino)ethyl-naphthalimide analogues (PET fluorophores)
decrease their solvent polarity sensitivity or even reversed them to solvatochromic fluorophores. These fluorophores resulted
macrophage nucleus imaging probes, which bind DNA as intercalants and showed low cytotoxicity in human cancer cells.
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1. Introduction

Hydrophobicity or hydrophilicity of local environment
determines interaction activities of proteins and controls the
permeability of cell membrane compartments. Therefore,
polarity-sensitive fluorophores are powerful chemical tools for
studying biological systems. Donor-acceptor type dipolar
fluorophores have been widely used in this field as
intramolecular-charge-transfer (ICT) molecular probes [1-4].
Usually, these fluorophores exhibit red shifts in their emission
spectra and a decrease in their fluorescence intensities upon
increasing the environment polarity (“on-off” fluorophores). In
spite of the numerous applications of ICT fluorophores in
chemistry, biology and medical sciences, their low emission in
aqueous media has limited their application for monitoring
biological processes. On the other hand, the scarcity of
polarity sensing fluorophores of type “off-on“ when increasing
the environment polarity, which include acridine [5], pyrene-3-
carboxaldehyde [6], and 7-methoxy-4-methylcoumarin [7], has
also limited the monitoring of biological processes that imply
an increase in local hydrophilicity. Among the limited
examples of this type of sensors, recently, 2-(trans-(4-
hydroxy)-cyclohexylamino)-naphthalimide derivatives have
been described as biothiol sensors [8], 2-(2-aminoethyl)-
naphthalimide as in cellulo metal sensor [9], and some
BODIPY derivatives as sensors of local hydrophilicity in
dysfunctional lysosomes [10]. S. Singha et al. increased the
emission intensity of diverse ICT fluorophores in water by
replacing their dimethylamino group, usual donor group, by
several dialkylamines or bulky monoalkylamines, preferably 2-
(hydroxyl)ethylamine or trans-(4-acetamido)cyclohexyl-amine
[8]. The increase of fluorescence was explained due to
decreased non-radiative deactivation in H,O, by hindering the
interaction of the donor group with H,O through hydrogen
bonds. The increase in steric volume of the amino group also
reduced its rotational freedom, facilitating the charge transfer.

We have recently described the switching from
naphthalimide and quinolimide-based (ICT) fluorophores 1
(Figure 1) to PET fluorophores by the simple substituent
manipulation of a hydroxyl to an N-dimethylamino group in
analogues 2 [11]. This switch transformed the “on-off” polarity
sensors N-(2-hydroxyethyl)-substituted derivatives 1a and 1b
into the “off-on” polarity sensors N-(2-(dimethyl)aminoethyl)-
substituted analogues 2a and 2b. In this way, we obtained
H.O and pH sensors and macrophage cytoplasm imaging
probes. Now, with the aim of increasing the fluorescence
emission of these fluorophores in H,O, we have studied the
replacement of the donor group OMe group of 1a,b and 2a,b
by better donor groups, such as several substituted amines,
concretely, 2-(hydroxy)ethylamine (Figure 1, 3 and 6), trans-
(4-acetamido)cyclohexylamine (Figure 1, 4 and 7) and the
good electrodonor group azetidine [12] (Figure 1, 5 and 8). In
general, this substituent manipulation has led to significant
enhancements in the quantum yields of these fluorophores in
water. We have also explored their application as in cellulo
imaging probes in macrophages, multi-functional immune
cells with key roles in host defense and tissue remodeling,

which have been widely used as models for imaging cellular
activity [13-15]. We have found a striking capability of most of
the dyes to cross the nuclear membrane and bind DNA,
acting as efficient macrophage nuclei staining probes.

Fig. 1. New Naphthalimide- and quinolimide-based fluorophores 3-8

o ("
(6] N (0] (0] N (0]
A X
z x’ z X
MeO R?
a: X=CH; b:X=N a. X=CH; b:X=N
1aand 1b; R' = OH 3: R' = OH; R% = NH(CH,),OH
(0]
2aand2b:R'=NMe; 4. R'=0oH: R2="N
) \%\Nk
5 R'=OH; R2=N<> H
6: R" = NMe,; R? = NH(CH,),0OH
(0]
7: R" = NMey; RZ =HN
N
8:R" = NMey; R2= N > H

2. Results and discussion
2.1. Synthesis

As shown in Scheme 1, the 6-amino-naphthalimide
derivatives 3a, 5a, 6a and 8a were obtained from the
corresponding 6-bromo-naphthalimides 9a and 10a via
aromatic nucleophile substitution, by treatment with the
corresponding amine in EtOH at 120 °C under MW irradiation.
In the case of the substitution with trans-4-amino-
cyclohexylamine in naphthalimides 1la and 12a, it was
necessary to carry out the reaction in sealed tube at 150-
180°C in the presence of diisopropylethylamine (DIPEA). The
acetylation of the free amino group of 1la and 12a, by
treatment with acetic anhydride in CH.Cl, yielded the
naphthalimides objective 4a and 7a. A similar methodology
was applied for the synthesis of the 9-[trans-(4-
acetamido)cyclohexylamino-quinolimide  7b  from  the
corresponding 9-methoxy-quinolimide 2b.
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Scheme 1. Synthesis of the naphtalimide derivatives 3a-8a and the quinolimide analogue 7b (a) 2-Hydroxyethylamina or azetidine, EtOH, MW
120°C (20-85%); (b) trans-(4-amino)cyclohexylamine, DIPEA, EtOH, 150-180°C (2-91%).

2.2. Photophysical properties

We performed a thorough photophysical study of the
properties of the new naphthalimides 3a-8a and the
quinolimide 7b in solvents of diverse polarity (Table 1), in
order to rationalize the effect of new R? substituents, when
compared with the OMe-substituted compounds l1a and 2a
(naphthalimides) and 2b (quinolimide) in comparison with
those of 1a, 2a and 2b, respectively.

The replacement of the OMe group in the naphthalimide
carrying the 2-(hydroxyl)ethyl chain at position 2, 1a, by
amines led to increases in the solvatochromic behavior
characteristic of ICT-based fluorophores in 3a-5a. These
naphthalimides showed 65-100 nm bathochromic shifts in
Amac® and Amac™ with respect to la. The increase in the
solvent polarity produced 10-40 nm bathochromic shifts in
both wavelength maxima, increased the extinction coefficients
and decreased the quantum yields.

In the naphthalimide carrying the 2-(dimethylamino)ethyl
chain, 2a, and in the quinolimide analogue, 2b, the
replacement of the OMe group by amines (compounds 6a-8a
and 7b) also produced bathochromic shifts of 65-100 nm in
Amac™ and Amac™. Also, these wavelengths increased with
solvent polarity, except for the quinolimide derivative 7b,
where Amax" augmented from CHsCl to acetone and
decreased from this solvent to H,O. This behavior could be
due to emission from two different excited states, the local
excited (LE) and the ICT state [16, 17]. In the less polar
solvents (CHsCl, dioxane and acetone) 7b would emit from
the ICT state (higher Amax), while in more polar solvents

(F3C-CH20H, MeOH and H,0) it would emit from the higher
energy LE state. The effect of the replacement of the OMe
group upon ¢ and ®¢ of the naphthalimide derivatives 6a-8a
and the quinolimide 7b was diverse. In the azetidine
derivative 8a and the quinolimide 7b, the PET effect that we
had observed in 2a and 2b was absent, showing a
solvatochromic behavior (typical of ICT fluorophores). In the
naphthalimides 6a and 7a the ¢ coefficients decreased, while
®r increased, mainly in non-polar solvents, eliminating the off-
on polarity effect previously observed in 2a. Therefore, in the
solvatochromic fluorophore 1la, the replacement of the MeO
group by hydroxyethylamine, azetidine or trans-(4-
acetamido)cyclohexylamine enhanced the solvatochromic
(ICT) character, while in the PET fluorophores 2a,b, that
replacement hinder the PET effect, leading either to
solvatochromic fluorophores in the case of the azetidine
derivative 8a and the quinolimide 7b or to low solvent polarity
sensitivity in the (hydroxyethyl)amine (6a) or the trans-(4-
acetamido)cyclohexylamine (7a) derivatives.



Table 1. Photophysical properties of the naphthalimides la-8a and
the guinolimides 2b and 7b.

2.3. Cytotoxicity in tumor cells

Several 2-[2-(dimethylamino)ethyl]-naphthalimide
derivatives have been described as antitumor agents [18],
such as mitonafide or amonafide [19, 20], which bind to DNA
as intercalants and inhibit topoisomerase Il [21], forming and
stabilizing the ternary complex DNA-intercalant-
topoisomerase |l [22]. Besides, some quinolimide derivatives
have been also reported as antitumor compounds [23]. Taking
into account these reports, the naphthalimide and quinolimide
derivatives herein described were included in a high
throughput screening (HTS) for cytotoxicity in non-small cell
lung cancer (A549), colon (HT29), breast (MVDA-MD231), and
pancreas (PSN1) human cancer cell lines, using doxorubicin
as positive control and according to the National Cancer
Institute (NCI) protocols. None of the 2-(hydroxyl)ethyl-
naphthalimide derivatives 3a-5a showed citotoxicity at the
highest tested concentration (40 uM). In the 2-
(dimethylamino)-ethyl analogues, the naphthalimides 6a and
7a and the quinolimide 7b showed low cytotoxicities in the yM
range as the corresponding 6-methoxy-naphthalimide 2a and
the 9-methoxy-quinolimide derivative 2b (Table 2). These
values of cytotoxicity were of the same order than those
previously reported for mitonafide and amonafide [18, 23].

Table 2. Cytotoxicities (Gls)® of 2-(2-(dimethylamino)ethyl-
naphthalimides and 5-(2-(dimethylamino)ethyl-quinolimides

Compd Lung Colon Breast Pancreas Mouse
A549  HT29  MDA-MD-231 PSN1  macrophages

Doxorubicin  0.085  0.109 0.055 0.052 ND®

2a 1140  9.39 16.10 16.10 36.3

2b >33.4  >33.4 >33.4 >33.4 ND"

6a 11.90  9.77 10.10 13.70 38.1

7a 7.55 3.79 5.44 8.05 333

8a >30.9  >30.9 >30.9 >30.9 20.8

7b 7.79 5.67 8.26 9.44 5.8

Compd®  Solvent Ama™ (NM) eMlem™)  Apa"(nm) O
CHCl, 360 14540 428 0.57
Dioxane 359 12080 426 0.60
Acetone 357 13610 434 0.43
1a F4C-CH,OH 373 11950 449 0.32
MeOH 366 12790 442 0.57
H,0 375 9650 458 0.30
CHCl, 366 8100 428 0.20
Dioxane 358 6700 425 0.22
Acetone 359 9700 433 0.14
2a F4C-CH,OH 371 10100 450 0.63
MeOH 367 8300 444 0.50
H,0 376 7200 460 0.63
CHCl, 428 11730 502 0.86
Dioxane 422 11370 501 0.97
Acetone 430 11570 516 0.82
sa F4C-CH,OH 438 9970 523 0.55
MeOH 438 12790 525 0.26
H,0 445 15780 527 0.17
CHCl, 433 10170 497 0.98
Dioxane 426 13120 491 0.84
aa Acetone 435 8400 510 0.77
F4C-CH,OH 450 9230 524 0.51
MeOH 447 8860 522 0.56
H,0 451 10630 527 0.23
CHCl, 443 13620 510 0.98
Dioxane 428 10820 501 0.68
5a Acetone 437 11380 521 0.72
F4C-CH,OH 449 12720 527 0.44
MeOH 449 14580 528 0.40
H,0 460 18660 533 0.16
CHCl, 426 6570 501 0.61
Dioxane 422 5810 499 0.69
Acetone 433 6190 511 0.99
6a F4C-CH,OH 437 7530 530 0.56
MeOH 438 4360 527 0.94
H,0 445 5220 531 0.57
CHCl, 430 6900 499 0.51
Dioxane 422 3600 489 0.35
Acetone 436 6700 511 0.77
7a F4C-CH,OH 452 8300 529 0.40
MeOH 441 7320 525 0.66
H,0 446 8170 534 0.71
CHCl, 441 9800 506 0.81
Dioxane 430 10380 502 0.78
Acetone 437 8510 518 0.87
8a F4C-CH,OH 453 11830 534 0.20
MeOH 449 7320 527 0.32
H,01 460 6540 533 0.18
CHCl, 377 3100 457 0.12
Dioxane 367 2800 457 0.17
Acetone 370 4900 467 0.04
2 F4C-CH,OH 380 2900 495 0.63
MeOH 376 3700 493 0.23
H,0 381 3200 505 0.26
CHCl, 470 3900 554 0.16
Dioxane 466 3470 562 0.12
- Acetone 462 4020 572 0.03
F5C-CH,OH 483 4225 539 0.02
MeOH 471 3040 526 0.05
H,0 471 3800 533 0.02

*Measured in duplicate at a 12 uM concentration. bQuantum yields calculated
with reference to cumarine 153 (in EtOH), except for 1a, 2a and 2b, where the
reference was quinine sulfate (in 0.1 M H,SOy).

2uM concentrations. °ND: Non determined

2.4. Macrophage imaging probes

As already commented, although there are diversity of
fluorescent probes for imaging specific cellular organelles [24-
31], the number of polarity sensing fluorophores with “off-on”
features when increasing the environment polarity is very
limited and, in general, they have demonstrated limited
application due to quenching of their fluorescence by
protonation and to their low excitation and emission
wavelengths [32]. The scarcity of this type of fluorophores,
which emit in polar media, has limited the monitoring of
biological processes that imply an increase in local



hydrophilicity. In view of the photophysical behavior and low
cytotoxicity of the naphthalimides and quinolimides herein
described, we explored their application as in cellulo imaging
probes in macrophages. Therefore, mouse macrophages
were treated with a 5 pM concentration of each fluorophore
and, after one hour of incubation at 37 °C, the cells were
visualized by confocal microscopy. After laser excitation at
488 nm, the emission of the new naphthalimides 3a-8a was
observed with a 505-570 nm filter, while the emission of the
quinolimide 7b was observed with the GFP filter (525-615
nm). We also compare these results with the images of
previously published compounds 1a,b and 2a,b. As shown in
Figures 2 and 3, cells treated with the fluorophores carrying
the 2-(hydroxyl)ethyl chain at the imide ring 1a,b and 3a-5a
(Figure 2, A, C, and E, G, I) showed lower fluorescence than
cells treated with fluorophores carrying the 2-
(dimethylamino)ethyl chain 2a,b, 6a-8a and 7b (Figure 2, B,
D, F, H, J and K), which displayed bright fluorescence. As
already described, cells treated with the 6-methoxy-
naphthalimide 2a or the 9-methoxy-quinolimide 2b displayed
bright fluorescence at their cytoplasm (Figure 2, B and D),
while cells treated with the 6-substituted amino-
naphthalimides 3a-8a or the quinolimide 7b displayed the
fluorescence at their nucleus (Figure 2, F, H, J, K), except for
the cells treated with the azetidine derivative 5a, which
displayed low fluorescence at the cytoplasm (G). According to
the ®¢ of these fluorophores in H,O, cells treated with the
trans-(4-acetamido)-cyclohexylamine derivative 7a (Figure 2,
F) showed much brighter fluorescence than the corresponding
2-(hydroxyl)ethyl analogue 6a (Figure 2, J). Interestingly, cells
treated with the naphthalimide derivative 8a (Figure 2, H) or
with the quinolimide 7b (Figure 2, K) displayed bright
fluorescence, in spite of the low ®r of these fluorophores in
H,O (78-86% lower than in CHCI; or dioxane). This would
indicate their localization in a hydrophobic environment in the
nucleus.

The nucleus is the most prominent organelle of cells,
where ribosome synthesis and gene expression are regulated
[33], so its visualization is important to help answer questions
about these processes and others such as the genesis of
tumors or the action of some drugs. Among the limited
number of known nuclear fluorophores, 4',6-diamidino-2-
phenilindole (DAPI) and the Hoechst dyes, which bind to the
minor groove of DNA, and propidium iodide (Pl), DNA
intercalant, have been the most used probes to stain cell
nuclei, due to its good cellular permeability and its specificity
for DNA [34]. However, these fluorophores are generally
mutagenic, have low water solubility and low photostability,
which limits their application in studies that require long
observation times. Other small fluorophores, used for the
visualization of the nucleus, such as, for example, various
styryl derivatives [35, 36], fluorescein [37], ruthenium (ll) dyes
[38] and hemicianin [39], are used at very low concentrations,
due to problems of fluorescence quenching by aggregation. In
addition, these dyes usually suffer from notable
photobleaching after photoexcitation [40]. Therefore, obtaining
new nuclear probes, soluble in water, photostable and with

low cytotoxicity is an objective of great interest for the
visualization of the cell nucleus in long-term studies.

Fig. 2. Confocal microscopy images of mouse macrophages treated
with a 5 yM concentration of A) naphthalimide 1a; B) naphthalimide
2a; C) quinolimide 1b; D) quinolimide 2b; E) naphthalimide 4a; F)
naphthalimide 7a; G) naphthalimide 5a; H) naphthalimide 8a; I)
naphthalimide 3a; J) naphthalimide 6a; and K) quinolimide 7b. L)
Untreated control cells. Scale bars represent 50 um.
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Fig.3. Fluorescence relative intensity of the probes in macrophages.
Box-and-whisker plot represents the average fluorescence intensity in
pixels of confocal images (in Fig. 2) containing the studied
fluorophores in mouse macrophages treated with a 5 pM
concentration of probe. Boxes correspond to the 25 and 75%, with a
horizontal bar indicating the average value. Whiskers represent the
minimum and maximum values.

Taking into account the clear nuclear localization of the
naphthalimides carrying the 2-(dimethylamino)ethyl chain 6a-
8a, and the quinolimide 7b, in order to help to elucidate their
binding site, we explored whether these fluorophores co-
localized with DAPI. As shown in Figure 4 for 7a, the images
obtained with our fluorophores overlapped completely with
those obtained with DAPI, indicating coincidence in DNA
binding (Pearson colocalization coefficient of 0.929 + 0.06,
Figure S5). In addition, two competition experiments were
performed between 7a and DAPIL. In the first, a 1 uM
concentration of DAPI was added to the macrophages and,
after 1 hour of incubation at 37 °C and after checking that
DAPI was in the nucleus, the naphthalimide 7a was added in
increasing concentrations from 1 to 10 yM. In the second
experiment the order of addition of the fluorophores was
changed, adding compound 7a at 1 uyM concentration and
increasing concentrations of DAPI from 1 yM to 10 pyM. In all
cases, both fluorophores co-localized in the nucleus, without
observing displacement between them. These results
indicated that although both fluorophores bind to DNA, they
do at concentrations far from saturation or binding to non-
competing sites.

Taking into account the moderate cytotoxicity shown by
6a-8a and 7b in tumor cells, the cytotoxicity in mouse
macrophages RAW 264.7 (ECACC, Sigma P11) was also
determined by an Alamar blue assay [41]. After 24 h of
incubation at 37 °C, increasing concentrations up to 100 yM
of the studied fluorophores were added. All the compounds
showed low cytotoxicity (Table 2), with Glso values greater
than 10 uM, except for the quinolimide 7b, with a Glso of 5.8
uM.

Fig. 4. Cellular co-localization of the nuclear dye DAPI and the 2-(2-
(dimethylamino)ethyl)-naphthalimide derivative 7a in macrophages at
a 5 uM concentration. A) Macrophage cell nuclei stained with DAPI.
B) Macrophage cell nuclei stained with naphthalimide 7a. C) Overlay
of the two channels. Scale bars represent 50 um.

2.5. Binding to DNA

Having confirmed the nuclear localization of some of our
fluorophores, we studied the interaction of the naphthalimide
derivative 7a and the quinolimide analogue 7b with DNA, in
vitro, using salmon sperm DNA (FS-DNA) and the double
strand of the oligonucleotide R-13 (5’-GCGTACGCCAGCG-
3’) [42] as models of DNA. For this study, circular dichroism,
UV spectrometry and fluorescence excitation spectra of the
titration of constant concentrations of the fluorophores (7a: 16
UM and 7b: 20 uM) with increasing concentrations of FS-DNA
(8.1 uM till 2.0 mM base pairs) and oligonucleotide R-13
(0.165 M till 4.4 mM) and the titration of a 4.3 uM
concentration of this oligonucleotide with increasing
concentrations of the fluorophores (0-430 uM) were recorded
[43, 44]. The behavior of both 7a and 7b was similar. Their
CD spectra showed a very small negative band at their
respective absorption maxima wavelengths (7a = 450 nm and
7b = 470 nm), indicative of their binding as intercalants. If the
binding would have been to the major or minor DNA grooves,
that band should have been stronger. Besides, the CD signal
increases slightly by increasing the concentration of the
fluorophore (shown in Figure 5 for 7a). These results are
characteristic of DNA intercalants [45]. Significant changes
were also observed in the UV and fluorescence excitation
spectra. The absorption intensity decreased, while
fluorescence intensity increased with increasing DNA
concentration. These results were also indicative of a binding
as intercalant [46]. In the case of the quinolimide derivative
7b, it was not possible to detect its fluorescence excitation,
probably due to its low ®r in H,0. These results would explain
why although our fluorophores co-localizes with DAPI, there is
no competition between them, since, as mentioned, DAPI
binds to the minor DNA groove and is not intercalant.
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Fig. 5. CD spectra of R-13 with increasing concentrations of the
naphthalimide 7a.

Binding isotherms were obtained for 7a and 7b from the
representation of the absorbance against the DNA
concentration (Figures 6A and B). The affinity constants,
expressed as dissociation constants Kgq with the DNA
concentration referred in terms of base pairs, were calculated
from these isotherms (see Supplementary materials for details
on the fittings), showing a good correlation between the
results of FS-DNA and R-13. The K values of 7a were 1.7 yM
and 1.3 pM with FS-DNA and R-13, respectively, whereas Kg
values of 8.9 uyM and 3.5 yM were obtained for 7b with FS-
DNA and R-13, respectively. The stoichiometry of the
interaction represents the number of sites (base pairs)
occupied by the dyes upon binding. When interacting with FS-
DNA, we obtained the binding of 1 molecule of 7a for each 7
base pairs, and 1 molecule of 7b for each 9 base pairs. The
corresponding  binding  isotherms to  the  shorter
oligonucleotide R-13 showed the binding of 1 molecule of 7a
for each 5 base pairs, and 1 molecule of 7b for each 6 base
pairs, indicating a higher level of saturation in the short
strands

3. Conclusions

The results herein described show how the photophysical
properties of naphthalimide-based fluorophores can be easily
tuned by chemical manipulation of the substituents on that
privileged scaffold. Thus, in the 2-(hydroxyl)ethyl-
naphthalimides, replacement of the OMe group at position 6
by diverse amines leads to bathochromic shifts in their Amax.
and to increases in their solvatochromic ICT character.
However, in the PET fluorophores, 2-(dimethylamino)ethyl-
naphthalimide derivatives, in general, that replacement leads
to increases in the fluorescence quantum yields in all
solvents, regardless of their polarity, loss of the PET
character, and in some cases to highly solvatochromic
fluorophores. Naphthalimides and quinolimides carrying the 2-
(dimethylamino)ethyl chain at the imide ring have resulted

good probes for macrophage imaging. While those with the
MeO group at the aromatic ring localized at the cytoplasm,
those where an amino moiety replaces the MeO group, such
as 6a-7a and 7b, are localized at the nucleus, where they
bind DNA as intercalants.
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Fig. 6. Binding isotherms obtained for (A) 7a and (B) 7b from the
representation of the absorbance against concentration of R-13.

4. Experimental
4.1. Synthesis
4.1.1. General methods

All reagents were of commercial quality. Solvents were
dried and purified by standard methods. Analytical TLC was
performed on aluminum sheets coated with a 0.2 mm layer of
silica gel 60 Fzs4. Silica gel 60 (230-400 mesh) was used for
flash chromatography. HPLC-MS was performed on a Sunfire
Cis (4.6x50 mm, 3.5 ym) column at 30°C, with a flow rate of 1
mL/min and gradient of 0.1% of formic acid in CH3CN (solvent



A) in 0.1% of formic acid in H,O (solvent B) was used as
mobile phase. Electrospray in positive mode was used for
ionization. NMR spectra were recorded using Varian Inova or
Mercury 400, and Varian Unity 500 spectrometers. The NMR
spectra assignments were based on COSY, HSQC, and
HMBC spectra. High resolution mass spectra (HRMS) were
recorded on an Agilent 6520 Q-TOF instrument with an ESI
source. MW experiments were carried out in sealed vessels in
a MW Emrys™ Synthesizer (Biotage AB), with transversal IR
sensor for reaction temperature monitoring. UV-visible
spectroscopy measurements were made at 25 C° on a
Lambda 35, Perkin Elmer, UV-vis spectrophotometer; Starna
Cells (16.100-Q-10) 100 pL sub-micro cuvette, 1 cm path
length. Steady-state fluorescence emission spectra were
performed at 25 C° either on a PerkinElmer LS 50B
luminescence spectrometer or a JASCO FP-8300
spectrofluorometer equipped with a 450 W xenon lamp for
excitation; Starna Cells (16.100F-Q-10) 100 pL sub-micro
cuvette, 1 cm path length.

4.1.2. Synthesis of 6-bromo-2-(2-hydroxyethyl)-1H-
benzo[de]isoquinoline-1,3(2H)-dione (9a)[47]

2-Aminoethanol (48 pL, 0.79 mmol) was added to a
solution of 6-bromo-1H,3H-benzo[delisochromene-1,3-dione
(200 mg, 0.72 mmol) in dry EtOH (3 mL) and the mixture was
heated at 68 °C under MW irradiation for 10 min. After cooling
at room temperature, the precipitated solid was filtered and
dried under vacuum for 12 h to yield the corresponding 6-
bromo-naphthalimide 9a as a yellow solid (205 mg, 90 %).
M.p. 205 °C. HPLC-MS (15-95 % gradient of A in B, 10 min)
tr = 8.07 min."H-NMR (CDCls, 400 MHz) &: 2.19 (br s, 1H,),
3.92 (m, 2H), 4.39 (t, J = 5 Hz, 2H), 7.79 (dd, 1H, J = 7.5 and
8.5 Hz), 7.99 (d, J = 8 Hz, 1H), 8.36 (d, J = 8 Hz, 1H), 8.53
(dd, J = 1 and 8.5 Hz, 1H), 8.60 (dd, J = 1 and 7.5 Hz,
1H)."*C-NMR (CDsOD, 100 MHz) &: 43.0, 61.9, 122.1, 123.0,
128.3, 129.2, 130.8, 130.9, 131.4, 131.7, 132.5, 133.8, 164.7.
HRMS (ESI) m/z: Calc. for C14H11BrNOs ([M+H]"): 319.9917,
Found: 319.9955 (0.09 %). Calc. for (M+H)*(-H,0): 303.9792,
Found: 303.9777 (100%).

4.1.3. Synthesis of 2,6-bis(2-hydroxyethyl)-1H-
benzo[del]isoquinoline-1,3(2H)-dione (3a)

2-Aminoethanol (275 pL, 4.6 mmol) was added to a
solution of the 6-bromo-naphthalimide 9a (150 mg, 0.46
mmol) in EtOH (5mL) and the mixture was heated at 120 °C
under MW irradiation for 1.5 h. Afterwards, the solvent was
evaporated to dryness and the residue was purified by flash
chromatography, using 0-3% gradient of MeOH in CHxCl, as
eluent, to give the desired 2,6-bis(2-hydroxyethyl)-
naphthalimide 3a as an orange solid (50 mg, 36 %). M.p.
209 °C. HPLC-MS (5-95% gradient of A in B, 10 min) tg = 5.62
min. "H-NMR (DMSO-ds, 400 MHz) &: 3.51 (c, 2H, J = 6 Hz,),
3.58 (t,2H,J =7 Hz), 3.71 (t,4H,J = 6 Hz),4.10 (t, 2H,J =7
Hz), 6.75 (d, 1H, J = 8.5 Hz), 7.63 (t, 1H, J = 8 Hz), 7.70 (br s,
1H), 8.20 (d, 1H, J = 8.5 Hz), 8.38 (d, 1H, J = 7 Hz), 8.66 (d,
1H, J = 8.5 Hz). *C-NMR (DMSO-ds, 100 MHz) &: 41.3, 45.6,

57.9, 58.8, 103.7, 107.6, 120.0, 121.8, 124.1, 128.5, 129.3,
130.5, 134.0, 150.7, 162.9, 163.8. HRMS (ESI) m/z: Calc. for
Ci16H16N204 ([M+H]"): 301.1182, Found: 301.1176.

4.1.4. Synthesis of 6-((trans-4-aminocyclohexyl)amino)-2-
(2-hydroxyethyl)-1H-benzo[de]-isoquinoline-1,3(2H)-dione
(11a)

trans-1,4-Diaminocyclohexane (195 mg, 1.71 mmol) and
DIPEA (28 uL, 0.51 mmol) were added to a solution of the 6-
bromo-naphthalimide 9a (110 mg, 0.343 mmol) in EtOH (5
mL) and the mixture was heated at 120°C in a closed tube for
5 days. After cooling at room temperature, the precipitated
solid was filtered off and the filtrate was evaporated to
dryness to give the desired naphthalimide 1la as a brown
solid (110 mg, 91 %). M.p. 280 °C. HPLC-MS (gradient 5-
95% of A en B, 10 min) tg = 4.61 min. *H-NMR (DMSO-ds,
400 MHz) &: 1.25 and 1.49 (2m, 4H), 1.85 and 2.02 (2m, 4H),
2.62 (m, 1H), 3.57 (t, 2H, J = 6.5 Hz), 3.61 — 3.65 (m, 1H),
4.11 (t, 2H, J = 6.5 Hz), 6.82 (d, 1H, J = 9 Hz), 7.30 (d, 1H, J
=8 Hz), 7.64 (t, 1H, J = 7 and 8.5 Hz), 8.23 (d, 1H, J = 9 Hz),
8.41 (dd, 1H, J = 1 and 7 Hz), 8.76 (dd, 1H, J = 1 and 8.5 Hz).
13C-NMR (DMSO-ds, 100 MHz) &: 30.5, 34.8, 41.4, 49.9, 51.2,
58.0, 104.1, 107.4, 120.1, 121.9, 124.0, 128.8, 129.6, 130.6,
134.2, 149.8, 163.0, 163.9. HRMS (ESI) m/z: Calc. for
C20H23N303 ([M+H]"): 354.1812, Found: 354.1811.

4.1.5. Synthesis of N-(trans-4-((2-(2-hydroxyethyl)-1,3-
dioxo-2,3-dihydro-1H-benzo[de]isoquinolin-6-yl)amino)-
cyclohexyl)acetamide (4a)

Acetic anhydride (1mL) was added to a solution of the
naphthalimide 11a (40 mg, 0.11 mmol) in CH,Cl, (5 mL) and
the solution was stirred at room temperature for 30 min. Then,
the reaction mixture was evaporated to dryness and the
residue was purified by flash chromatography, using 0-5%
gradient of MeOH in CH,CI, as eluent, to give the desired
acetylated derivative 4a as an orange solid (32 mg, 75%).
M.p. 116 °C. HPLC-MS (gradient 5-95% of A in B, 10 min) tgr =
7.29 min. 'H-NMR (DMSO-ds, 400 MHz) &: 1.38 (m, 2H), 1.51
(m, 2H), 1.92 (s, 3H), 2.06 (m, 2H), 3.55 and 3.65 (2m, 2H),
4.28 (s, 4H), 6.89 (d, 1H, J = 8.5 Hz), 7.39 (d, 1H, J = 7.5 Hz),
7.68 (dd, 1H, J = 8.5 Hz), 7.82 (d, 1H, J = 7.5 Hz), 8.26 (d,
1H, J = 8.5 Hz), 8.44 (d, 1H, J = 8.5 Hz), 8.79 (d, 1H, J = 8.5
Hz). ®*C-NMR (DMSO-ds, 100 MHz,) &: 22.8, 30.5 and 31.0,
45.6, 47.3, 50.9, 61.1, 104.4, 107.2, 120.1, 121.6, 124.1,
129.1, 129.7, 130.8, 134.4, 150.0, 163.0, 164.0, 168.3. HRMS
(ESI) m/z: Calc. for CaHsN304 ([M+H]): 396.1917, Found:
396.1918.

4.1.6. Synthesis of 6-(azetidin-1-yl)-2-(2-hydroxyethyl)-1H-
benzo[de]isoquinoline-1,3(2H)-dione (5a)

Azetidine (178 uL, 2.65 mmol) was added to a solution of
the 6-bromo-naphthalimide 9a (170 mg, 0.53 mmol) in EtOH
(5mL) and the mixture was heated at 120 °C under MW
irradiation for 1.5 h. After cooling at room temperature, the
precipitated solid was filtered, washed with EtOH (3x1mL),



and dried under vacuum for 12 h to yield the corresponding 6-
azetidin-1-yl-naphthalimide 5a as a red solid (50 mg, 36 %).
M.p. 222 °C. HPLC-MS (gradient 5-95% of A in B, 10 min) tr
= 7.09 min. *H-NMR (DMSO-dg, 400 MHz) &: 2.47 (m, 2H),
3.59 (m, 2H), 4.09 (t, 2H, J = 7 Hz), 4.43 (t, 4H, J = 7.5 Hz),
4.79 (br s, 1H), 6.34 (d, 1H, J = 8.5 Hz), 7.52 (t, 1H, J = 8 Hz),
8.11 (d, 1H, J = 8.5 Hz), 8.24 (d, 1H, J = 8 Hz), 8.33 (d, 1H, J
= 7 Hz). ®C-NMR (DMSO-ds, 100 MHZ) &: 16.4, 41.4, 55.0,
57.9, 105.8, 108.2, 120.0, 121.6, 123.7, 129.8, 130.5, 132.6,
151.9, 162.8, 163.7. HRMS (ES|) m/z: Calc. for C17H16N203
([M+H]"): 297.1233, Found: 297.1222.

4.1.7. Synthesis of 2-(2-(dimethylamino)ethyl)-6-((2-
hydroxyethyl)amino)-1H-benzo[delisoquinoline-1,3(2H)-dione
(6a)

Ethanolamine (52 pL, 0.86 mmol) was added to a
solution of the 6-bromo-naphthalimide 10a [48] (50 mg, 0.14
mmol) in EtOH (5 mL) and the mixture was heated at 120°C
under MW irradiation for 3 h. Afterwards, the solvent was
evaporated to dryness and the residue was purified by
reverse Cig flash chromatography, using 0-30 % CH3CN in
H.O gradient as eluent, to give the desired naphthalimide 6a
as yellow syrup (11 mg, 20%). HPLC-MS (5-95% gradient of
A in B, 10 min) tr = 4.36 min. "H-NMR (MeOD, 500 MHz) &:
2.87 (s, 6H), 3.59 (t, 1H, J = 6 Hz), 3.88 (t, 1H, J = 6 Hz), 4.47
(t, 1H, J = 6 Hz), 6.86 (d, 1H , J = 8.5 Hz), 7.67 (dd, 1H, J =
7.5 and 8.5 Hz), 8.40 (d, 1H, J=8.5 Hz), 8.55 (m, 2H). *C-
NMR (MeOD, 125 MHz) &: 36.9, 44.6, 46.7, 58.0, 60.8,
105.3, 115.7, 122.0, 123.3, 125.6, 127.3, 129.7, 132.5, 136.3,
153.1, 165.9, 166.6. HRMS (ES|) m/z: Calc. for C1gH21N303
([M+H]"): 328.1655, Found: 328.1661.

4.1.8. Synthesis of 6-((trans-4-aminocyclohexyl)amino)-2-
(2-(dimethylamino)ethyl)-1H-benzo[de]-isoquinoline-1,3(2H)-
dione (12a)

trans-1,4-Diaminocyclohexane (80 mg, 1.90 mmol) and
DIPEA (26 pL, 0.46 mmol) were added to a solution of the 6-
bromo-naphthalimide 10a [48] (110 mg, 0.31 mmol) in EtOH
(5 mL) and the mixture was heated at 120°C in a closed tube
for 2 days. Afterwards, the solvent was evaporated to dryness
and the residue was purified by reverse Cig flash
chromatography, using 0-15 % CHsCN in H,O gradient as
eluent, to give the desired naphthalimide 12a as dark yellow
solid (38 mg, 32%). M.p. 178 °C HPLC-MS (30-95% gradient
of A in B, 10 min) tg = 4.5 min. 'H-NMR [(CD3)CO, 400 MHZ]
0: 1.34, 1.52 and 2.15 (3m, 8H), 2.12 (s, 6H), 2.42 (t, 2H, J =
7 Hz), 3.26 (m, 1H), 3.66 (m, 1H), 4.09 (t, 2H, J =7 Hz), 6.54
(d, 1H,J =7.5 Hz), 6.82 (d, 1H, J = 8.5 Hz), 7.50 (t, 1H, J =8
Hz), 8.23 (d, 1H, J = 8.5 Hz), 8.35 (d, 1H, J = 7.5 Hz), 8.47 (d,
1H, J = 8.5 Hz). *C-NMR ((CD3).CO, 100 MHz) &: 30.0, 31.4
and 31.7, 36.9, 44.6, 51.0, 56.5, 58.0, 103.8, 108.5, 120.1,
122.3, 123.6, 127.1, 129.6, 130.0, 133.6, 149.0, 162.7, 163.5.
HRMS (ESI) m/z: Calc. for C2H20.N, ([M+Na]"): 403.2104,
Found: 403.2091.

4.1.9. Synthesis of N-(trans-4-((2-(2-(dimethylamino)ethyl)-
1,3-dioxo-2,3-dihydro-1H-benzo[de]isoquinolin-6-yl)amino)-
cyclohexyl)acetamide (7a)

Acetic anhydride (1mL) was added to a solution of the
naphthalimide 12a (14 mg, 0.028 mmol) in (9:1) CH.Cly/dry
acetone mixture (1 mL) and the solution was stirred at room
temperature for 6 h. Then, the reaction mixture was
evaporated to dryness and the residue was purified by flash
chromatography, using 1-10% gradient of MeOH in CHCl; as
eluent, to give the desired acetylated derivative 7a as an
orange solid (12 mg, 80%). M.p. 241 °C. HPLC-MS (30-95%
gradient of A in B, 10 min) tg = 1.87 min. '"H-NMR (CDs0D,
500 MHz) &: 1.39 (m, 2H,), 1.51 (m, 2H), 1.85 (s, 3H), 1.94
(m, 2H), 2.11 (m, 2H), 2.76 (s, 6H), 3,19 (t, 2H, J = 6 Hz),
3.61 (m, 2H), 4.34 (t, 2H, J = 6 Hz), 6.74 (d, 1H, J = 9 Hz),
7.52 (dd, 1H, J = 7.5 and 8.5 Hz), 8.24 (d, 1H, J = 8.5 Hz),
8.39 (dd, 1H,J =1 and 7.5 Hz), 8.49 (dd, 1H, J =1 and 8.5
Hz). ®*C-NMR (CD30OD, 125 MHz) &: 22.7, 31.9, 32.3, 37.0,
44.6, 48.0, 52.6, 57.9, 105.5, 108.8, 121., 123.1, 125.4, 129.9,
131.6, 132.5, 136.3, 152.1, 165.7, 166.6, 172.6. HRMS (ESI)
m/z: Calc. for CaH3oN4sO3 ([M+H]): 423.2390, Found:
423.2396.

4.1.10. Synthesis of 6-(azetidin-1-yl)-2-(2-(dimethylamino)-
ethyl)-1H-benzo[de]isoquinoline-1,3(2H)-dione (8a)

Azetidine (75 uL, 1.08 mmol) was added to a solution of
the 6-bromo-naphthalimide 10a [48] (65 mg, 0.18 mmol) in
EtOH (5 mL) and the mixture was heated at 120°C under MW
irradiation for 1.5 h. Afterwards, the solvent was evaporated to
dryness and the residue was purified by flash
chromatography, using 1-10% gradient of MeOH in CH,CI; as
eluent, to give the desired 6-(azetidin-1-yl)-naphthalimide 8a
as a yellow-orange solid (50 mg, 85 %). M.p. 152 °C. HPLC-
MS (5-95% gradient of A in B, 10 min) tg = 5.25 min. *H-NMR
(ClsCD, 400 MHz) &: 2.31 (s, 6H), 2.50 (p, 2H, J = 7.5 Hz),
2.61(t, 2H, J =7 Hz), 4.25 (t, 2H, J = 7 Hz), 4.41 (t, 4H, J =
7.5 Hz), 6.30 (d, 1H, J = 8.5 Hz), 7.42 (dd, 1H, J = 7 and 8.5
Hz), 8.14 (dd, 1H, J = 1 and 8.5 Hz), 8.29 (d, 1H, J = 8.5 Hz),
8.45 (dd, 1H, J = 1 and 7 Hz). *C-NMR (CDsCl, 100 MHz) &:
17.3, 38.0, 45.9, 55.6, 57.2, 106.5, 110.4, 121.2, 122.9, 123.9,
130.3, 130.9, 131.4, 133.6, 152.8, 164.3, 165.0. HRMS (ESI)
m/z: Calc. for CigHzoN4O2 ([M+H]): 324.1580, Found:
324.1586.

4.1.11. Synthesis of 9-((trans-4-aminocyclohexyl)amino)-5-
(2-(dimethylamino)ethyl)-4H-benzo[de][2,6]-naphthyridine-
4,6(5H)-dione (12b)

trans-1,4-Diaminocyclohexane (25.3 mg, 33.5 L, 0.6
mmol) and DIPEA (6 pL, 0.05 mmol) were added to a solution
of the 9-metoxi-quinolimide 2b (45 mg, 0.40 mmol) in EtOH (5
mL) and the mixture was heated at 150°C in a closed tube for
7 days. Afterwards, the solvent was evaporated to dryness
and the residue was purified by flash chromatography, using
0-10 % MeOH in CHCl, gradient as eluent, to give the
desired quinolimide 12b as red syrup (137 mg, 90%). HPLC-



MS (30-95% gradient of A in B, 10 min) tg = 4.5 min. *H-NMR
[CDs0OD, 400 MHz] &: 1.44 (m, 4H)), 1.98 and 2.15 (2m, 4H),
2.25 (s, 6H), 2.54 (m, 2H), 2.87 (m, 1H), 3.58 (m, 1H), 4.15 (t,
2H,J =7 Hz), 6.83 (d, 1H, J =8.5Hz), 8.12 (d, 1H, J =45
Hz), 8.20 (d, 1H, J = 8.5 Hz), 8.83 (d, 1H, J = 4.5 Hz). *C-
NMR (CDsOD, 100 MHz) &: 31.6, 33.1, 45.8, 50.7, 51.8, 57.8,
106.2, 107.9, 123.9, 125.3, 130.5, 135.9, 137.7, 148.4, 133.6,
150.9, 164.5, 165.0.

4.1.12. Synthesis of N-(trans-4-((5-(2-(dimethylamino)ethyl)-
4,6-dioxo-5,6-dihydro-4H-benzo[de][2,6]-naphthyridin-9-
yl)amino)cyclohexyl)acetamide (7b)

Ac20 (1 ml) was added to a solution of the quinolimide
12b (7 mg, 0.018 mmol) in dry CH>Cl, (1 mL), and the mixture
was stirred at room temperature for 1 h. Then, the solvent
was removed under vacuum and the residue was purified by
flash chromatography, using 0-5 % gradient of MeOH in
CH_Cl; as eluent to give the acetylated derivative 7b as a red-
orange solid (5 mg, 65 %). M.p. 230 °C. HPLC-MS (30-95%
gradient of A in B, 10 min) tg = 5.65 min. *H-NMR (CDsOD,
500 MHz) &: 1.38 and 1.50 (2m, 4H), 1.84 (s, 3H) 1.94 and
2.12 (2m, 4H), 2.48 (s, 6H), 2.86 (t, 2H, J = 6.5 Hz), 3.60 (m,
2H), 4.26 (t, 2H, J = 6.5 Hz), 6.86 (d, 1H, J = 8.5 Hz), 8.17 (d,
1H, J = 4.5 Hz), 8.25 (d, 1H, J = 8.5 Hz), 8.87 (d, 1H, J = 4.5
Hz). **C- NMR (CDsOD, 125 MHz) & 22.7, 30.7, 32.1, 37.8,
45.3, 52.0, 57.8, 64.3, 106.2, 107.6, 124.1, 125.5, 130.5,
136.2, 137.9, 148.4, 151.3, 164.9, 165.4, 172.6. HRMS (ESI)
m/z: Calc. for CasHzoNsOs ([M+H]"): 424.2343, Found:
424.2340.

4.2. Photophysical methods

Excitation and emission spectra of compounds were
determined for 12 yM solutions in solvents of diverse polarity.
The spectra were recorded between 300 and 690 nm (0.5 nm
increments and 0.1 s integration time) with excitation set at
the appropriate excitation wavelength. Slit widths were set to
15 nm for excitation and to 6 or 20 nm for emission,
depending on the observed emission intensity. All the spectra
were corrected for background fluorescence by subtracting a
blank scan of the solvent solution.

Fluorescence quantum yield determination.
Fluorescence quantum vyields (®r) were determined in
solvents of diverse polarity, and calculated with reference to a
standard, which was selected depending on the photophysical
properties of the corresponding fluorophore [49-51].
Coumarine 153 in EtOH (@ = 0.53) was used as reference,
except for 1a and 2a,b that were calculated with reference to
quinine sulphate dihydrate in 0.1 M H,SO4 (¥ = 0.55). A 12
UM solution of the corresponding fluorophore was compared
to a 12 pM solution of the standard to assure that the
absorbance is less than 0.1 at identical excitation
wavelengths. The following equation was used to calculate
the quantum yield:
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where x and r denote the sample and standard, respectively,
A is the absorption at the excitation wavelength, | is the
integrated fluorescence intensity, and n is the refractive index
of the solvent.

4.3. HTS Cytotoxicity assays in tumor cells

A colorimetric assay, using the sulforhodamine B (SRB)
reaction, was adapted for a quantitative measurement of cell
growth and viability, following the technique described by
Skehan, P. A. et al. [52]. Cells (MDA-MB-231, A549, HT-29
and PSN1) were seeded in 96 well microtiter plates, at 5x10°
cells per well in aliquots of 195 uL of RPMI medium, and they
were allowed to attach to the plate surface by growing in drug
free medium for 18 h. Afterwards, samples were added in
aliquots of 5 yL [dissolved in (3:7) DMSO/H,0]. After 48 h
exposure, cells were fixed by adding 50 uL of cold 50% (w/v)
trichloroacetic acid, and incubating at 4 °C for 60 min. Then,
the plates were washed with deionized H,O and dried. 100 uL
of SRB solution (0.4% w/v in 1% acetic acid) was added to
each microtiter well and these were incubated at room
temperature for 10 min. Unbound SRB was removed by
washing with 1% acetic acid, the plates were air dried, and
the bound stain was solubilized with Tris buffer. Optical
densities were read on an automated spectrophotometer plate
reader at a single wavelength of 490 nm. Data analysis was
automatically generated by the high throughput screening
LIMS implemented at the laboratory. The three response
parameters Glso (50% cell growth inhibition), LCso (50% lethal
concentration), and TGI (total growth inhibition) were
extracted from concentration-response curves by linear
interpolation, according to the National Cancer Institute (NCI)
protocols [53].

4.4. Macrophage culture and fluorescence visualization

Macrophages RAW 264.7 (ECACC, Sigma P11) were
used for testing our naphthalimide and quinolimide-based
fluorophores as imaging probes. The cells were cultured in
Dulbecco’s modified Eagle’s medium enriched with 100 mg/L
of sodium piruvate supplemented with 10% fetal bovine serum
(FBS), 200 mM L-glutamine, 100 u/mL penicillin and 100
pg/mL of streptomycin (complete medium). The cell culture
was maintained in humidified atmosphere at 37 °C, with 5 %
of CO, and 95 % of air. The morphology of the cells was
studied with an epifluorescence microscope Nikon TE-2000
and with the confocal Laser microscope (CLSM) Leica TCS
SP2 with 7 lines of laser (457, 477, 488, 496, 514, 543, 633
nm).

RAW 264.7 cells were grown to a density of 8 x 10*
cells/mL in complete medium, in 24-well plates incubated for
24 hours. After this time, half of the growing wells were
treated with LPS (Polysaccharides of Escherichia coli, Sigma
Aldrich, Spain) at a concentration of 5 ug/mL for 2 h and,
then, treated with the fluorophores (5 uM). The other half of
the wells was treated directly with the flourophores at the
same concentration. The cells were left in the presence of the



fluorophores for 1 or 2 h. After this time, the cells were fixed
with glutaraldehyde (2.5% v/v in H,O) for 15 minutes. They
were washed with distilled water twice and mounted and
observed under the microscope. The images of cells treated
with our products were compared with images obtained with
the commercial nuclear fluorescent sensor DAPI (Invitrogen).

4.5. DNA Binding

The studies were carried out by means of titrations at a
constant concentration of fluorophore (16 uM for 7a and 20
UM for 7b), using UV-visible spectrometry and circular
dichroism (CD). The equipment used was the Jasco J-815
spectropolarimeter.  Experimental conditions: 10 mM
phosphate buffer, pH = 7.10, T = 25 ° C, (200 mM NacCl only
in the titrations with the oligonucleotide). Inverse titrations, of
a 4.3 pPM concentration of the oligonucleotide R-13 with
increasing concentrations of the fluorophores 7a and 7b (0-
430 uM) were also carried out.
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Highlights

«  New naphthalimide and quinolimide-based fluorophores are described

e Properties of naphthalimide-based fluorophores have been tuned by substituent
manipul ation

« DNA intercalating properties provide macrophage nucleus fluorescence imaging
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