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The synthesis of N-substituted-1,8-naphthalimides is accelerated in the presence of the room tempera-
ture ionic liquid [BMIM][NO3]. Reaction times are reduced from 18 h in volatile organic compounds
(VOCs) (PhCH3, EtOH and THF) to 20 min in the ionic liquid [BMIM][NO3]. The reaction yields are typically
increased to >85% and the products are isolated by ethanol-mediated precipitation direct from the ionic
liquid, requiring no further purification.
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Medicinal chemistry utilises robust, reliable procedures to ac-
cess rapidly compounds for biological screening. It is this need
for rapid compound access that delineates medicinal chemistry
from synthetic chemistry. In one of our most recent programmes,
we required access to focused libraries of substituted 1,8-naph-
thalimides of the type shown in Figure 1. This focused library ap-
proach is one that we have used with considerable success in the
development of novel inhibitors of dynamin GTPases and of pro-
tein phosphatases 1 and 2A.1–8

Naphthalimides and their derivatives are well-known, and they
demonstrate a wide variety of applications due to properties such
as fluorescence, electroactivity and photostability. Naphthalimides
find use as optical brighteners, daylight fluorescent pigments, solar
energy collectors and fluorescent dyes for textiles and polymeric
materials.9 Derivatives of naphthalimide have also been reported
as fluorescent molecular probes, anti-viral agents and anti-cancer
agents.10–12 Irradiation of brominated naphthalimide derivatives
has been shown to generate photoproducts with strong anti-viral
activity.11 Naphthalimides are promising anti-cancer agents, show-
ing broad spectrum activity against a range of murine and human
tumour cells.12 Their DNA binding and enzyme inhibitory activity
are believed to be crucial to their anti-tumour effects. Several
derivatives have reached various phases of clinical trials, showing
promising results, but further progress has been prevented due
to dose-limiting toxicity.12 However, there is still a considerable
amount of effort being expended in fine-tuning the anti-tumour
activity of these analogues.13–16
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Two well-established methods for the synthesis of N-substi-
tuted-1,8-naphthalimides have been described: N-alkylation of a
1,8-naphthalimide potassium salt with alkyl halides and a more
general method involving condensation of an amine with 1,8-
naphthalic anhydride under reflux.17 Whilst both approaches are
amenable to focused library development, they suffer the draw-
back of requiring forcing conditions and prolonged reaction times.
Additionally, in our experience, it is often difficult to isolate the de-
sired product from the reaction mixture. Given our prior experi-
ence in the use of room temperature ionic liquids (RTILs) for
accelerating reactions, we sought to develop an expedient RTIL
route to focused libraries of N-substituted-1,8-naphthalimides.18–20

Our efforts are reported herein.
Our initial studies in this area examined the use of traditional

volatile organic solvents (VOCs) under standard reaction condi-
tions. In a model experiment, 1,8-naphthalic anhydride was trea-
ted with 1.1 equiv of 2-aminoethanol, and heated in various
VOCs in a thick-walled reaction tube for 18 h (sealed tube reaction)
(Scheme 1).21 We evaluated the efficiency of the 2-aminoethanol
addition using PhCH3 (130 �C), EtOH (100 �C) and THF (85 �C) as
R1
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Figure 1. Generic structure of 3,4-substituted-1,8-naphthalimides.
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Table 2
Isolated yields of 3,4-substituted-N-(2-hydroxyethyl)-1,8-naphthalimides from the
reaction of substituted 1,8-naphthalic anhydrides with 2-aminoethanol in
[BMIM][NO3] and [BMIM][BF4] at 140 �Ca

Entry R1 R2 Solvent Time Yield (%)

1 H H [BMIM][NO3] 1 h 87
2 H H [BMIM][NO3] 20 min 88
3 H H [BMIM][BF4] 20 min 91

4 H SO3K [BMIM][NO3] 8 h 55
5 H SO3K [BMIM][NO3] 1 h 52
6 H SO3K [BMIM][NO3] 20 min 53

7 SO3Na H [BMIM][NO3] 20 min 85
8 H Br [BMIM][NO3] 20 min 90

9 H Cl [BMIM][NO3] 20 min 83
10 H Cl [BMIM][BF4] 20 min 96

11 Br H [BMIM][NO3] 20 min 90

12 NH2 H [BMIM][NO3] 20 min 94

a Reactions were carried out in a thick-walled sealed reaction vessel at 140 �C;
temperature measured at the baseplate of a 12-position Radleys’ carousel reaction
station.22
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the reaction solvents. This allowed for a reasonable breadth of sol-
vent type and reaction temperatures to be surveyed.

As can be seen from the data presented in Table 1, for the parent
anhydride, the reaction proceeded well in both PhCH3 and EtOH,
with isolated yields of 85% and 81%, respectively (Table 1, entries
1 and 3). The corresponding reaction in THF afforded a disappoint-
ing yield of 40% (Table 1, entry 2). As such, further evaluations
were confined to the use of PhCH3 and EtOH as reaction solvents.
Introduction of substituents to the naphthalene moiety had little
effect on the isolated yield of product, with the 4-SO3K, 4-Br and
4-Cl analogues obtained in yields of 61–84% (Table 1, entries 4–
9). The 3-SO3Na, 3-Br and 3-NH2 derivatives were accessed with
similar efficiency, with yields ranging from 71% to 86% (Table 1, en-
tries 10–13). It is clear that EtOH is the solvent of choice in these
transformations, suggesting a more favourable outcome with more
polar solvents. Whilst the reaction yields are excellent, the reaction
required 18 h at elevated temperatures.

Having established our benchmark reaction yields and condi-
tions with VOCs, we next turned our attention to conducting our
model reaction in two different room temperature ionic liquids
(RTILs): [BMIM][NO3] and [BMIM][BF4]. The outcomes of these ini-
tial evaluations are presented in Table 2. Our observations after
18 h reaction time indicated complete conversion of the parent
1,8-naphthalic anhydride (not shown), and as we were keen to
establish rapid access to these analogues, shorter reaction times
were subsequently examined.

In a typical RTIL reaction, after 20 min at 140 �C, the mixture
was allowed to cool and ethanol was added. This addition resulted
in clean precipitation of the desired product which was collected
by filtration and by both 1H and 13C NMR spectroscopy which re-
quired no further purification.
Table 1
Isolated yields of 3,4-substituted-N-(2-hydroxyethyl)-1,8-naphthalimides from the
reaction of substituted 1,8-naphthalic anhydrides with 2-aminoethanol in PhCH3, THF
and EtOH for 18 h

Entry R1 R2 Solvent Ta (�C) Yield (%)

1 H H PhCH3 130 85
2 H H THF 85 40
3 H H EtOH 100 81

4 H Br PhCH3 130 70
5 H Br EtOH 100 82

6 H Cl PhCH3 130 61
7 H Cl EtOH 100 84

8 H SO3K PhCH3 130 68
9 H SO3K EtOH 100 74

10 SO3Na H PhCH3 130 71
11 SO3Na H EtOH 100 75

12 Br H EtOH 100 86

13 NH2 H EtOH 100 78

a Reactions were carried out in a thick-walled sealed reaction vessel; tempera-
ture measured at the baseplate of a 12-position Radleys’ carousel reaction station.22
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Scheme 1. Reagents and conditions. (i) 2-aminoethanol, D, solvent (see Table 1),
18 h.
From examination of the data presented in Table 2, three fea-
tures are immediately apparent. Firstly, the reactions were com-
plete in a considerably shorter time than their VOC counterparts
with all reactions being complete after 20 min. Secondly, excepting
entries 4–6, the isolated yields were on average 5–10% higher than
those observed in the equivalent VOC reaction. Thirdly, the 4-SO3K
analogue returned a very poor isolated yield, regardless of reaction
duration or room temperature ionic liquid used.

It is tempting to attribute the poor isolated yield of the 4-SO3K
analogue to difficulty in its isolation from the RTIL solvent, how-
ever, no such issue was noted with the analogous 3-SO3Na com-
pound. Whilst logically, this is the most rational reason for this
observation, we were unable to supply direct evidence for this
effect.

Given our desire to use this approach in the development of fo-
cused compound libraries, it was imperative that it was applicable
across a broad spectrum of amines to allow access to the desired N-
substituted-1,8-naphthalimides. To explore the scope of this ap-
proach, we examined the development of a highly focused library
of eleven N-substituted-1,8-naphthalimides. This library encom-
passed simple aliphatic and heterocyclic amines as well as elec-
tron-donating and electron-withdrawing anilines.

As can be seen from the data presented in Table 3, the addition
of a wide variety of amines to 1,8-naphthalic anhydride in
[BMIM][NO3] proceeds smoothly and in typically excellent yield
(76–97%). Aliphatic and cyclic aliphatic amines are well tolerated
(Table 3, entries 1 and 3) as are terminally substituted amines
(Table 3, entries 2 and 4). Aromatic amines react as expected, with
electron-donating anilines affording the highest isolated yields of
95–97%. The electron-withdrawing p-chloro analogue gave a dis-
appointing 10–15% conversion (by 1H NMR) after 20 min, however,
extension of the reaction time to 3 h resulted in a 93% isolated
yield (Table 3, entry 7). This is still a significant enhancement rel-
ative to the equivalent VOC reaction (3 vs 18 h). The p-chloroben-
zyl analogue was generated in a 97% isolated yield after 20 min
(Table 3, entry 10), strongly suggesting that the lower yield of
the p-chloroanilino analogue is directly attributable to the low
nucleophilicity of this amine. A similar conclusion can be drawn
for the marginally lower yield observed with allylamine (76%,
Table 3, entry 2).

In conclusion, we have reported that replacement of VOCs
with the room temperature ionic liquid [BMIM][NO3] has allowed
for a significant reduction in the reaction time (from 18 h to
20 min), in all but one case, for the synthesis of a wide range of



Table 3
Isolated yields of N-substituted-1,8-naphthalimides from the reaction of 1,8-naph-
thalic anhydride with various amines in [BMIM][NO3] at 140 �Ca

NO O
R

Entry R Time Yield (%)

1 20 min 90

2 20 min 76

3 20 min 92

4 N

O
20 min 89

5
O

20 min 95

6
NH2

20 min 96

7
Cl

3 h 93b

8 20 min 88

9

H2N
20 min 97

10

Cl

20 min 97

11
N

20 min 95

a Reactions were carried out in a thick-walled sealed reaction vessel at 140 �C;
temperature measured at the baseplate of a 12-position Radleys’ carousel reaction
station.22

b 10–15% conversion by 1H NMR spectroscopy after 20 min at 140 �C.
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N-substituted-1,8-naphthalimides. This method is clearly applica-
ble to the synthesis of focused libraries, and hence the develop-
ment of new biologically active 1,8-naphthalimides. We will
report our efforts in this latter area in due course.

Acknowledgements

The authors acknowledge the financial support of the Australian
Research Council and the National Health and Medical Research
Council (Australia). K.A.M. acknowledges the APA postgraduate
funding from the University of Newcastle.

Supplementary data

Supplementary data (spectral data for novel products and refer-
ences to various compounds) associated with this article can be
found, in the online version, at doi:10.1016/j.tetlet.2010.12.015.

References and notes

1. Hill, T. A.; Gordon, C. P.; McGeachie, A. B.; Venn-Brown, B.; Odell, L. R.; Chau, N.;
Quan, A.; Mariana, A.; Sakoff, J. A.; Chircop, M.; Robinson, P. J.; McCluskey, A. J.
Med. Chem. 2009, 52, 3762–3773.
2. Odell, L. R.; Chau, N.; Robinson, P. J.; McCluskey, A. ChemMedChem 2009, 4,
1182–1188.

3. Hill, T. A.; McGeachie, A. B.; Gordon, C. P.; Odell, L. R.; Chau, N.; Robinson, P. J.;
McCluskey, A. J. Med. Chem. 2010, 53, 4094–4102.

4. Odell, L. R.; Howan, D.; Gordon, C. P.; Robertson, M. J.; Chau, N.; Mariana, A.;
Whiting, A. E.; Abagyan, R.; Daniel, J. A.; Gorgani, N. N.; Robinson, P. J.;
McCluskey, A. J. Med. Chem. 2010, 53, 5267–5280.

5. Hart, M. E.; Chamberlin, A. R.; Walkom, C.; Sakoff, J. A.; McCluskey, A. Bioorg.
Med. Chem. Lett. 2004, 14, 1969–1973.

6. Hill, T. A.; Stewart, S. G.; Sauer, B.; Gilbert, J.; Ackland, S. P.; Sakoff, J. A.;
McCluskey, A. Bioorg. Med. Chem. Lett. 2007, 17, 3392–3397.

7. Hill, T. A.; Stewart, S. G.; Gordon, C. P.; Ackland, S. P.; Gilbert, J.; Sauer, B.;
Sakoff, J. A.; McCluskey, A. ChemMedChem 2008, 3, 1878–1892.

8. Thaqi, A.; Scott, J. L.; Glibert, J.; Sakoff, J. A.; McCluskey, A. Eur. J. Med. Chem.
2010, 45, 1717–1723.

9. Bardajee, G. R.; Li, A. Y.; Haley, J. C.; Winnik, M. A. Dyes Pigments 2008, 79, 24–
32.

10. Stewart, W. W. Cell 1978, 14, 741–759.
11. Chang, S.-C.; Archer, B. J.; Utecht, R. E.; Lewis, D. E.; Judy, M. M.; Matthews, J. L.

Bioorg. Med. Chem. Lett. 1993, 3, 555–556.
12. Ingrassia, L.; Lefranc, F.; Kiss, R.; Mikatovic, T. Curr. Med. Chem. 2009, 16, 1192–

1213.
13. Hariprakasha, H. K.; Kosakowska-Cholody, T.; Meyer, C.; Cholody, W. M.;

Stinson, S. F.; Tarasova, N. I.; Michejda, C. J. J. Med. Chem. 2007, 50, 5557–5560.
14. Cholody, W. M.; Kosakowska-Cholody, T.; Hollingshead, M. G.; Hariprakasha,

H. K.; Michejda, C. J. J. Med. Chem. 2005, 48, 4474–4481.
15. Van Quaquebeke, E.; Mahieu, T.; Dumont, P.; Dewelle, J.; Ribaucour, F.; Simon,

G.; Sauvage, S.; Gaussin, J.-F.; Tuti, J.; El Yazidi, M.; Van Vynckt, F.; Mijatovic, T.;
Lefranc, F.; Darro, F.; Kiss, R. J. Med. Chem. 2007, 50, 4122–4134.

16. Braña, M.; Gradillas, A.; Gómez, A.; Acero, N.; Llinares, F.; Muñoz-Mingarro, D.;
Abradelo, C.; Rey-Stolle, F.; Yuste, M.; Campos, J.; Gallo, M. Á.; Espinosa, A. J.
Med. Chem. 2004, 47, 2236–2242.

17. Triboni, E. R.; Filho, P. B.; Berlinck, R. G. D. S.; Politi, M. J. Synth. Commun. 2004,
34, 1989–1999.

18. Gordon, C. M.; McCluskey, A. Chem. Commun. 1999, 1431–1432.
19. Judeh, Z. M. A.; Ching, C. B.; Bu, J.; McCluskey, A. Tetrahedron Lett. 2002, 43,

5089–5091.
20. Gordon, C. P.; Byrne, N.; McCluskey, A. Green Chem. 2010, 12, 1000–1006.
21. Synthesis of 1-butyl-3-methylimidazolium bromide, [BMIM][Br]: To a clean, dry

round-bottomed flask were added 1-methylimidazole (29.4 mL, 0.37 mol) and
1-bromobutane (44.1 mL, 0.41 mol). The reaction mixture was stirred at 70 �C
for 24 h. During this time, an emulsion formed, followed by the formation of
the colourless ionic liquid. The crude ionic liquid was washed with Et2O
(3 � 30 mL) to remove excess 1-bromobutane, then dried in vacuo (50 �C,
40 mbar) for �2 h. On cooling to room temperature, the colourless, viscous
ionic liquid crystallised to form a white solid. Yield: 74.1 g (92%); 1H NMR
(DMSO-d6) d 0.86 (3H, t, J = 7.2 Hz), 1.23 (2H, m), 1.74 (2H, m), 3.86 (3H, s), 4.19
(2H, t, J = 7.2 Hz), 7.78 (1H, t, J = 1.8 Hz), 7.86 (1H, t, J = 1.8 Hz), 9.36 (1H, t,
J = 1.8 Hz); 13C NMR (DMSO-d6) d 13.4, 18.9, 31.5, 35.9, 48.6, 122.4, 123.7,
136.7 ppm.
Synthesis of 1-butyl-3-methylimidazolium nitrate, [BMIM][NO3]: To a stirring
solution of 1-butyl-3-methylimidazolium bromide (65.7 g, 0.30 mol) in H2O
(100 mL) was added a solution of AgNO3 (51.0 g, 0.30 mol) in H2O (100 mL). A
pale yellow precipitate of AgBr instantly formed. The reaction mixture was
stirred for 2 h, then filtered twice to remove the AgBr by-product. The H2O was
removed in vacuo, resulting in the crude product, as a yellow viscous liquid.
This was dissolved in MeCN (20 mL) and the resulting solution was filtered.
The MeCN was evaporated, and the product dried in vacuo (50 �C, 40 mbar) for
�2 h to yield the pure ionic liquid as a pale yellow viscous liquid. Yield: 51.5 g
(85%); 1H NMR (DMSO-d6) d 0.86 (3H, t, J = 7.2 Hz), 1.23 (2H, m), 1.74 (2H, m),
3.84 (3H, s), 4.15 (2H, t, J = 7.2 Hz), 7.70 (1H, t, J = 1.8 Hz), 7.77 (1H, t,
J = 1.8 Hz), 9.17 (1H, t, J = 1.8 Hz); 13C NMR (DMSO-d6) d 13.5, 19.0, 31.6, 35.9,
48.8, 122.6, 123.9, 136.9 ppm.
Typical Synthesis of N-(2-hydroxyethyl)-1,8-naphthalimide in a VOC: 2-
Aminoethanol (350 lL, 5.8 mmol) was added to a stirred suspension of 1,8-
naphthalic anhydride (1.005 g, 5.1 mmol) in EtOH (20 mL). The resulting
suspension was refluxed at 100 �C for 18 h, then cooled to room temperature.
The precipitated product was collected by filtration, washed with EtOH and
dried under vacuum. Where PhCH3 was used as the solvent, three drops of Et3N
were added to reaction mixture. Mp 174–176 �C; 1H NMR (DMSO-d6) d 3.61
(2H, m), 4.14 (2H, t, J = 6.6 Hz), 4.81 (1H, t, J = 6.0 Hz, OH), 7.85 (2H, dd, J = 7.5,
8.1 Hz), 8.44 (2H, dd, J = 0.9, 8.1 Hz), 8.47 (2H, dd, J = 0.9, 7.5 Hz); 13C NMR
(DMSO-d6) d 42.0, 58.0, 122.4, 127.4, 127.6, 130.8, 131.5, 134.4, 163.7 ppm.
Typical Synthesis of N-(2-hydroxyethyl)-1,8-naphthalimide in [BMIM][NO3]: 2-
Aminoethanol (150 lL, 2.5 mmol) was added to a stirred suspension of 1,8-
naphthalic anhydride (0.459 g, 2.3 mmol) in [BMIM][NO3] (2.5 mL). The
resulting suspension was stirred at 140 �C for 15–20 min. After cooling to
100 �C, the reaction mixture was diluted with EtOH (5 mL) resulting in
precipitation of the product. The mixture was then cooled to room temperature
with stirring. The precipitated product was collected by filtration, washed with
EtOH and dried under vacuum. NMR data and mp as above.

22. http://www.radleys.com/.

http://dx.doi.org/10.1016/j.tetlet.2010.12.015
http://www.radleys.com/

	Ionic liquids accelerate access to N-substituted-1,8-naphthalimides
	Acknowledgements
	Supplementary data
	References and notes


