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A series of novel 1,8-naphthalimide derivatives and dimers possessing reactive carboxylic acid, nitro,
amine, or bromide functionality is prepared and their photophysical properties are studied. Those deriv-
atives that contain amine substituents attached directly to the 1,8-naphthalimide unit display intense
yellow-green fluorescence.
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Derivatives of 1,8-naphthalimide are of interest due to their use-
ful photophysical and biological properties that offer promise for
medical applications as free radical scavengers,' potential photore-
dox anticancer agents,? fluorescent labels,®> photosensitizers,* and
imaging agents.>~® Many of these properties are related to their pla-
nar shape and optimal size that makes them efficient DNA intercala-
tors.%~!! In addition, they are particularly attractive as fluorophores
as they can demonstrate high quantum yields, good photo-stability
and their fluorescence can be tuned throughout a wide spectral
range from blue to red.!? These properties also make 1,8-naphthal-
imide derivatives ideal for many non-biological applications such as
fluorescent pigments and dyes'® and as components in fluorescent
sensors for specific metal cations,!*!> or pH determination,'® and
within optical switches'” or organic luminescent devices.!®2° The
attractive properties of the 1,8-naphthalimide chromophore have
led to its incorporation into numerous polymeric?'?? and den-
dritic>?3-2% structures so as to tailor solubility, self-association,
and molecular size to suit a particular application. Here we describe
the synthesis and photophysical properties of 1,8-naphthalimide
derivatives that are suitable as building blocks for such macromolec-
ular structures due to additional reactive functionality such as
amine, carboxylic acid, or aryl bromide, which is activated toward
substitution by amine or aryloxy nucleophiles.*° Previous reports
demonstrate that such substitution at the 4-position can induce a
large red-shift to the /., of the 1,8-naphthalimide chromophore
and enhance fluorescence strongly.3°-3°
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The novel N-phenyl-1,8-naphthalimide derivatives 1-9 were
synthesized using conventional methodology by refluxing equimo-
lar quantities of 1,8-naphthalic anhydride, 4-bromo-1,8-naphthalic
anhydride, or 3,6-dinitro-1,8-naphthalic anhydride with 4-amino-
benzoic acid, 5-aminoisophthalic acid or 3,5-diaminobenzoic acid,
respectively, in the presence of glacial acetic acid and sodium ace-
tate (Scheme 1, Table 1). Reduction of the nitro substituents of
N-phenyl-1,8-naphthalimides 2, 5, and 8 by a palladium-catalyzed
hydrogenation gave amino-containing derivatives 10-12 (Scheme
1, Table 1). N-Phenyl-1,8-naphthalimide derivatives 1-6 were ob-
tained in good yields in high purity by simple flash chromatogra-
phy or recrystallisation, whereas compounds 7-9 were obtained
in low yield following chromatographic isolation from by-prod-
ucts, including modest quantities of the 1,3-naphthalimide dimers
13-15. Alternatively, dimers 13-15 could be prepared in much
higher yield by reacting a twofold excess of 1,8-naphthalic
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Scheme 1. The synthesis of 1,8-naphthalimides 1-12. Reagents and conditions: (i)
AcOH, NaOAc, reflux, 8-14 h; (ii) Hy, 1 bar, 10% Pd/C, DMF, 25 °C. Table 1 gives
substituents R'-R°.
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Table 1

Synthetic yields and photophysical properties of 1,8-naphthalimides 1-12 (prepared as shown in Scheme 1) and dimers 12-16 (prepared as shown in Scheme 2)

Product R' R R R* R® Yield (%)  Amax abs® (nm)  Extinction coefficient® (M~' cm™!)  /max emission®® (nm) RFI°  Quantum yield (%)
1 H H H CO,H H 92 334 1.4 x 10* 383 1.7 —
NO, H H CO,H H 93 270 4.4 % 10* 341 3.6 —
3 H Br H CO,H H 68 342 1.7 x 10* 402 1.8 —
4 H H CO,H H CO,H 92 334 1.7 x 10* 410 4.4 —
5 NO, H CO,H H CO,H 95 273 3.2 x 10* 419 88 —
6 H Br CO,H H CO,H 85 342 1.6 x 10* 408 5.6 —
7 H H NH, H CO,H 43 335 1.3 x 10% 422 13 —
8 NO, H NH- H CO,H 12 270 1.2 x 10* 455 2.2 —
9 H Br NH, H CO,H 11 342 1.9 x 10* 428 1.6 —
10 NH, H H CO,H H 91 440 0.5 x 10* 518 198 7.4
11 NH, H CO,H H CO,H 92 438 0.4 x 10* 518 215 103
12 NH, H NH, H CO,H 94 432 0.7 x 10* 521 299 16.7
13 H H - - — 75 335 2.8 x 10* 405 2.0 —
14 NO, H - - - 71 272 7.6 x 104 342 1.0 —
15 H Br — — — 67 342 3.4 x 10* 401 1.7 —
16 NH, H - - - 89 435 1.4 x 10* 518 406 229
¢ From DMF solution.
b Excitation at 438 nm.
¢ RFI = Relative fluorescence intensity normalized with respect to 14.
d Relative to fluoroscein.
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Scheme 2. The synthesis of 1,8-naphthalimide dimers 13-16. Reagents and conditions: (i) AcOH, NaOAc, reflux, 8-14 h; (ii) Hy, 1 bar, 10% Pd/C, DMF, 25 °C. Table 1 gives

substituents R'-R%.

anhydride, 4-bromo-1,8-naphthalic anhydride or 3,6-dinitro-1,8-
naphthalic anhydride with 3,5-diaminobenzoic acid (Scheme 2, Ta-
ble 1). Hydrogenation of dimer 14 gave the amine-containing di-
mer 16. All of the compounds demonstrated good solubility in
polar aprotic solvents such as DMF or DMSO, but poor solubility
in other common solvents including water at pH 7.

The basic photophysical properties of N-phenyl-1,8-naphthali-
mides 1-12 and those of the dimers 13-16 are listed in Table 1.
Of particular note is that the introduction of an electron-donating
amine functionality at the 3,6-positions of the naphthalimide unit
induces a significant red-shift of ~100 nm in the position of the
longest wavelength band (Aimax ~520 nm) as demonstrated for
N-phenyl-1,8-naphthalimides 10-12 and dimer 16 (See Supple-
mentary data, Fig. S1). Solutions of these four compounds in DMF
also display conspicuous yellow-green fluorescence on excitation
at 439 nm (See Supplementary data, Fig. S2). The effect of substitu-
tion of the 1,8-naphthalimide core on the relative fluorescence
intensity (RFI) of these compounds can be summarized as
NH; >> Br > H > NO,. Compounds 10-12 and dimer 16 possess
clear potential as fluorescent building units for dendritic molecules
and polymers, hence, the fluorescence quantum yields @, for these
compounds were measured and found to be in the range 7-23%
(Table 1). The red-shifted values for iy, and the intense fluores-
cence demonstrated by these compounds can be attributed to
the presence of the two amines on the 1,8-naphthalimide unit,
which can interact with the imide functionality only through
cross-conjugation via the w system.>6-38

For the application of these compounds as building units for
dendritic molecules, as cores, branching units or terminal groups,
it will be important to maintain the electron-donating ability of

the amine groups at the 3,6-positions of the 1,8-naphthalimide
units if the intense fluorescence that they induce is to be retained.
This could be achieved by attachment of the 1,8-naphthalimide
component via the amine or carboxylic acid substituents on the
N-phenyl unit (e.g., for 1-12: R>-R> = NH,/CO,H, or for dimers
13-16: CO,H). Reactions of the amine substituents on the 1,8-
naphthalimide unit derived from monomers 10-12 or dimer 16
that will maintain their electron-donating ability (e.g., Michael
addition) could also be employed for their incorporation into a
dendritic structure. Alternatively, the post-synthetic reduction of
the nitro substituents of the 1,8-naphthalimide units derived from
components 2, 5, 8, and 14 or aromatic nucleophilic substitution of
the bromo-substituent of components derived from 1,8-naphthal-
imides 3, 6, 9, or 15 could provide amine functionality and able to
induce enhanced fluorescence. Preparative studies to explore these
strategies are in progress.
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Supplementary data (full experimental details for the prepara-
tion of compounds 1-16 and the collection of photophysical data
from these materials. UV-vis absorption spectra of these
compounds are shown in SI Fig. S1 and the emission spectra of
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naphthalimides 10-12 and dimer 16 are shown in SI Fig. S2) asso-
ciated with this article can be found, in the online version, at

doi

:10.1016/j.tetlet.2011.12.0009.

References and notes

(SN N

N

10.

12.

13.

15.

16.

. Zhang, Y.; Feng, S.; Wu, Q.; Wang, K.; Yi, X.; Wang, H.; Pan, Y. Med. Chem. Res.

2011, 20, 752.

. Macintyre, M. M.; Martell, ]J. M.; Eriksson, L. A. J. Mol. Struct. 2010, 941, 133.
. Sawa, M.; Hsu, T. L.; Itoh, T.; Sugiyama, M.; Hanson, S. R.; Vogt, P. K.; Wong, C.

H. Proc. Nat. Acad. Sci. US.A. 2006, 103, 12371.

. Rogers, ]. E; Kelly, L. A. J. Am. Chem. Soc. 1999, 121, 3854.
. Alcala, M. A;; Kwan, S.Y.; Shade, C. M.; Lang, M.; Uh, H.; Wang, M.; Weber, S. G.;

Bartlett, D. L.; Petoud, S.; Lee, Y. ]. Nanomed. Nanotechnol. Biol. Med. 2011, 7, 249.

. Parkesh, R.; Lee, T. C.; Gunnlaugsson, T. Tetrahedron Letter. 2009, 50, 4114.
. Xiao, H. B.; Chen, M. ].; Shi, G. H.; Wang, L.; Yin, H. Y.; Mei, C. Res. Chem.

Intermed. 2010, 36, 1021.

. Jindal, D. P.; Bedi, V.; Jit, B.; Karkra, N.; Guleria, S.; Bansal, R.; Palusczak, A.;

Hartmann, R. W. Farmaco 2005, 60, 283.

. Li, X. L; Lin, Y. J.; Wang, Q. Q.; Yuan, Y. K.; Zhang, H.; Qian, X. H. Eur. J. Med.

Chem. 2011, 46, 1274.
Mehrotra, J.; Misra, K.; Mishra, R. K. Nucleosides Nucleotides 1994, 13, 963.

. Ott, L; Xu, Y. F.; Liu, J. W.; Kokoschka, M.; Harlos, M.; Sheldrick, W. S.; Qian, X.

H. Bioorg. Med. Chem. 2008, 16, 7107.

Galunov, N. Z.; Krasovitskii, B. M.; Lyubenko, O. N.; Yermolenko, I. G.;
Patsenker, L. D.; Doroshenko, A. O. J. Luminescence 2003, 102-103, 119.
Stolarski, R. Fibres Text. East. Eur. 2009, 17, 91.

. Goswami, S.; Sen, D.; Das, N. K.; Hazra, G. Tetrahedron Lett. 2010, 51, 5563.

Xu, Z. C.; Baek, K. H.; Kim, H. N.; Cui, J. N.; Qian, X. H.; Spring, D. R.; Shin, L;
Yoon, J. J. Am. Chem. Soc. 2010, 132, 601.
Georgiev, N. I.; Bojinov, V. B.; Nikolov, P. S. Dyes Pigments 2011, 88, 350.

. Ferreira, R.; Remon, P.; Pischel, U. J. Phys. Chem. C 2009, 113, 5805.
. Gan, ]. A; Song, Q. L.; Hou, X. Y.; Chen, K. C.; Tian, H. J. Photochem. Photobiol. A-

Chem. 2004, 162, 399.

. Jung, S. O.; Yuan, W.; Ju, J. U.; Zhang, S.; Kim, Y. H.; Je, J. T.; Kwon, S. K. Mol.

Cryst. Liq. Cryst. 2009, 514, 375.

. Kolosov, D.; Adamovich, V.; Djurovich, P.; Thompson, M. E.; Adachi, C. J. Am.

Chem. Soc. 2002, 124, 9945.

. Grabchey, I.; Dumas, S.; Chovelon, J. M. Polym. Adv. Technol. 2008, 19, 316.
. Grabchev, 1.; Sali, S.; Betcheva, R.; Gregoriou, V. Eur. Polym. J. 2007, 43, 4297.
. Grabchev, L; Bosch, P.; McKenna, M.; Staneva, D. Photochem. Photobiol. A-Chem.

2009, 201, 75.

. Grabcheyv, I.; Dumas, S.; Chovelon, ]. M. Dyes Pigments 2009, 82, 336.
. Grabchev, I.; Staneva, D.; Chovelon, J. M. Dyes Pigments 2010, 85, 189.
. Georgiev, N. L.; Bojinov, V. B.; Marinova, N. Sens. Actuators, B-Chem. 2010, 150,

655.

. Georgiev, N. L.; Bojinov, V. B.; Nikolov, P. S. Dyes Pigments 2009, 81, 18.
. McKenna, M. D.; Grabchev, L.; Bosch, P. Dyes Pigments 2009, 81, 180.
. Tang, ]. G.; Yang, H.; Liu, J. X.; Wang, Y.; Yin, X. ].; Wang, R.; Huang, L. ].; Huang,

Z. Opt. Mater. 2010, 32, 1417.

. Bardajee, G. R.; Li, A. Y.; Haley, J. C.; Winnik, M. A. Dyes Pigments 2008, 79, 24.
. Tian, H.; Xu, T.; Zhao, Y.; Chen, K. J. Chem. Soc., Perkin Trans. 2 1999, 545.

. Tian, H.; Ni, W.; Su, J.; Chen, K. Photochem. Photobiol. A-Chem. 1997, 109, 213.
. de Silva, A. P.; Rice, T. E. Chem. Commun. 1999, 163.

. de Silva, A. P.; Fox, D. B.; Moody, T. S.; Weir, S. M. Mol. Supramol. Photochem.

2001, 7, 93.

. Alexiou, M. S.; Tychopoulos, V.; Ghorbanian, S.; Tyman, J. H. P.; Brown, R. G.;

Brittain, P. I. J. Chem. Soc., Perkin Trans. 2 1990, 837.

. Ramachandram, B.; Saroja, G.; Sankaran, N. B.; Samanta, A. J. Phys. Chem. B

2000, 104, 11824.

. Abad, S.; Kluciar, M.; Miranda, M. A.; Pischel, U. J. Org. Chem. 2005, 70, 10565.
. Bojinov, V. B.; Georgiev, N. I.; Nikolov, P. S. Photochem. Photobiol. A-Chem. 2008,

193, 129.


http://dx.doi.org/10.1016/j.tetlet.2011.12.009

	The synthesis and fluorescence properties of macromolecular components  based on 1,8-naphthalimide derivatives and dimers
	Acknowledgments
	Supplementary data
	References and notes


