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Synthesis, characterisation of few N-substituted 1,8-naphthalimide
derivatives and their copper(l1) complexes
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Abstract. A few 1,8-naphthalimide derivatives with phenyl (1), benzyl (2), 3,4-dimethoxyphenyl ethyl
(3), 4-pyridyl (4), 2-hydroxy ethyl (5), 4-pyridylmethyl (6) groups attached to the nitrogen atom are syn-
thesized and characterized. Cyclic voltammograms of all these compounds show one-electron reversible
redox cycle (0124 V to —118 V) due to formation of anion radicals. However, in the case of (5), quenching
of this redox process occurs when polyhydroxy-aromatic compounds such as 1,3-dihydroxy benzene and
1,3,5-trihydroxybenzene are added. Copper complexes, namely bis-{ N-(4-pyridylmethyl)1,8-naphthal-
imide} copper (I1) perchlorate (8), bis-{ N-(4-pyridylmethyl)1,8-naphthalimide} copper (I1) perchlorate (9)
and bis-{ N-(4-pyridylmethyl)phthalimide} copper (I1) perchlorate (10) are synthesized and characterised.
The complexes (8) and (9) show reversible redox couple of the ligand without any significant interaction

with the redox active copper (I1) centre.
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1. Introduction

Imides of aromatic dicarboxylic acids are important
in the construction of macromolecules*? as well as
supramolecular assembly.*” Ease of formation of
imides from the corresponding anhydrides has made
them simple to synthesise.®® They are useful fluoro-
probes for various studies®’®** and also serve as
precursors for protection of the amine group.’>™®
Photochemistry of phthalimide derivatives results in
selective organic transformations.®# Phthalimide ana-
logues such as naphthalimide derivatives are electro-
active, and there is scope for their study in supra-
molecular environments.>” 1,8-Naphthalimides also
show one-electron reversible redox property.*2 We
have demonstrated that N-2-hydroxyethyl phthal-
imide forms an adduct with 1,3-dihydroxy benzene
and 1,3,5-trihydroxybenzene, and has an interesting
supramolecular structure.?® Thus, understanding of
the redox behaviour of 1,8-naphthalimides having
different groups anchored to the nitrogen atom is
expected to throw light on their implications on su-
pramolecular binding and this also would provide
information on their suitability as electrochemical
probes. This paper deals with the synthetic and spec-
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N-substituted 1,8-naphthalimides; Cu(ll) complexes of N-substituted 1,8-naphthalimides;

troscopic properties of a few N-substituted 1,8-
naphthalimides and their co-ordination chemistry with

copper (11).
2. Experimental

2.1 Synthesis of N-(4-pyridylmethyl)1,8-
naphthalimide (6)

To a solution of 1,8-naphthalic anhydride (009 g,
5mmoal) in tetrahydrofuran (THF) (25 ml) 4-pyri-
dylmethyl amine (064 g, 5 mmol) was added drop
wise at room temperature. The solution was stirred
for six hours at room temperature to obtain an off-
white coloured precipitate. The precipitate was col-
lected and washed with THF (10 ml) and dried in
air. It was finaly recrystallised from a mixture of
ethanal and chloroform (2 : 8 mixture). Yield: 1588 g
(97%). Elemental analysis Calcd. for CigH1oN,Os,
C, 75862, H, 349, N, 9%9%: found C, 7546, H, 342,
N, 9%65%. Spectroscopic details are given in table 1.

2.2 9ynthesis of N-(4-pyridylmethyl)phthalimide (7)

Finely ground phthalic anhydride (148 g, 10 mmol)
was dissolved in THF. To this solution, 4-pyridyl-
methyl amine (18 g, 10 mmol) was added drop-
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Table1l. Spectroscopic properties of naphthalimide derivatives.

1434(s), 1383(9), 1312(),

Characteristic IR-frequencies Eio; (AE
Structure NMR signals (ppm, CDCl) (KBr, cm™) ipdipa)”
O /O 'H: 863 (d, J = 8 Hz, 2H), 827 (dm, 3073(w), 1701(s), 1655(s), -1260 mV
‘;EN J=8Hz, 2H), 78 (t, J = 8 Hz, 2H), 1583(s), 1501(s), 1440(s), 1352(s), (80 mV,
Q @ 7677247 (m, 3H), 781 (dm, J=6 Hz, 2H)  1335(s), 1183(s), 1112(s), 1076(m),  1:8)
\ 1025(m), 784(s)
1 3C: 16373, 15122, 14352, 13496, 132509,
12871, 128%0, 12785, 124530, 122563
o H: 862 (d, J = 6 Hz, 2H), 821 (m, 2H), 3061(w), 2965(w), 1687(s), 1652(s), —1201 mV
Np 754 (m, 2H), 7565 (t, J = 6 Hz, 2H), 1586(s), 1495(w), 1440(s), 1374(s), (80 mV,
Q 782-723 (m, J = 6 Hz, 3H), 589 (s, 2H) 1228(s), 1177(m), 1137(m), 1066(s),  0%948)
S 945(s), 778(s)
2 13C: 16428, 137561, 134x10, 131566, 13148,
12923, 128%0, 12861, 127568, 12706,
122575, 4393
oy 7 ove  H: 8% (d, J=6Hz 2H), 82 (d, J=6Hz,  3083(w), 2991(m), 2945(m), -1195 mV
J\@o 2H), 7% (t, J = 6 Hz, 2H), 69 (m, 3H), 2843(m), 1669(s), 1665(s), 1598(s), (80 mV/,
\ 44 (m, 2H), 38 (s, 6H) 350 (m, 2H) 1521(s), 1450(s), 1393(s), 1347(s), 12)
2 1271(s), 1235(s), 1153(s), 1030(s),
13C: 16361, 148x44, 1487, 13361, 13149,  948(m), 851(m), 784(s)
13098, 130:82, 12772, 126%, 12064,
11181, 110594, 55572, 55%7, 41:83, 3376
O b 'H: 883 (d, J = 644 Hz, 2H), 864 (d, 3068(w), 1711(s), 1670(s), 1588(s), —1180 mV
N@ J =6 Hz, 2H), 882 (d, J = 64 Hz, 2H), 1352(s), 1240(s), 1189(s), (80 mV,
LN 781(t, J=64 Hz, 2H), 782 (dm, J= 6 Hz,  861(S), 789(S) 1,25)
o) 2H)
4
13C: 16364, 15028, 148x49, 136569, 133:89,
132561, 13148, 127:82, 126%63, 12305, 121907
0 0 H: 86 (d, J= 6 Hz, 2H) 822 (d, J= 6 Hz),  3483(s), 3073(W), 2966(w), 2879(w), —1195 mV
N/ OH 78 (t, J =6 Hz), 46 (m, 2H), 40 (m, 2H), 1706(s), 1660(s), 1593(s), 1445(m), (85 mV,
Y 2% (broad s, 1H) 1388(9), 1327(s), 1235(s), 1081(w),  120)
o 1035(s), 907(w), 779(s)
° 13C: 165, 134, 131, 128, 126, 122, 61, 42
O P H: 86 (d, J= 752 Hz, 2H), 856 (d, J=6 Hz,  3083(w), 3022(W), 2966(w), -1240
" 2H), 82 (d, J=8 Hz, 2H), 7% (t, J= T2 Hz,  17778(m), 1724(vs), 1706(s), (70 mV,
h 2H), 78 (d, J = 6 Hz, 2H), 58 (s, 2H) 1655(s), 1598(s), 1516(s), 1>01)
NN
Ll

6

o
N/b
=N
o
L

7

3C: 16369, 14963, 145%69, 13403, 13126,
127575, 12667, 12204, 12182, 4258

H: 856 (d, J = 5%6 Hz, 2H), 78 (dd, J = 84,
4 Hz, 4H), 729 (d, J = 6x4 Hz, 2H), 49 (s,
2H)

13C: 167585, 150581, 14407, 134x47, 13202,
12377, 12342, 4085

1240(s), 1178(s), 948(s), 779(9)

3099(w), 3037(w), 1718(w),
1706(vs), 1609(w), 1419(s), 1393(s),
1317(w), 1112(m), 943(s), 794(m),
728(s)

All electrode potentials reported are measured in acetonitrlie (1 mmol), TBAP as supporting electrolyte, platinum
electrodes as working electrodes and Ag/AgCI as reference electrode (+ve scan, 100 mV/s) and are with respect to the

ferrocene couple
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wise. The reaction mixture became warm and an
off-white precipitate was obtained. The reaction
mixture was stirred for three hours for compl etion of
the reaction. The precipitate thus formed was filtered
and dried. The precipitate was recrystallised from an
ethanol—chloroform mixture (1:1) to give N-(4-
pyridylmethyl)phthalimide. Yield: 28g (97%).
Elemental analysis: Calcd. for CyHioN2O,, C,
70569, H, 420, N, 11¥6%; found C, 70%62, H, 4X9,
N, 11>68%.

Compounds 1-5 were prepared by a procedure
similar to that used for 6 and 7.

2.3 Yynthesis of bis-{N-(4-pyridylmethyl)1,8-
naphthalimide} copper (1) perchlorate (8)

Copper (IlI) perchlorate hexahydrate (0%49 g,
06 mmol) was dissolved in dry acetonitrile (5 ml)
and a solution of N-(4-pyridylmethyl)1,8-naphthal-
imide (042 g, 1 mmol) in dry acetonitrile (2 ml) was
added dropwise with stirring at room temperature. The
dark blue solution was stirred for three hours to ob-
tain a light-blue precipitate. The precipitate was
washed with diethylether and dried in air (048 g,
71%). UV-Vis 603 nm (759 mol ™ cm?). Molar con-
ductance: (CH5CN, 25°C) 30584 ohm™ mol™ cm?.

2.4 Synthesis of bis-(N-(4-pyridylmethyl) 1,8-
naphthalimide) copper (11)nitrate dihydrate (9)

To asolution of copper (I1) nitrate trihydrate (0524 g,
1 mmol) in methanol (10 ml), a solution of N-(4-
pyridylmethyl) 1,8-naphthalimide (0>68 g, 2 mmol)
in acetonitrile (5 ml) was added dropwise. The reac-
tion mixture was stirred at room temperature for two
hours to obtain a light-blue coloured precipitate. The
precipitate was filtered and redissolved in CH;CN
(10 ml) by warming. On cooling, a microcrystaline
precipitate was obtained as the desired complex
(yield 0582 g, 37%). Spectroscopic data of the complex
are given in table 2. Molar conductance (CH3CN,
25°C): 42>2 ohm™ mol™ cm?.

The complex (10) was prepared in a similar manner
to (8) to obtain 58% yield. Molar conductance of
(10) in acetonitrile (25°C): 342 ohm™ mol™ cm?.

3. Resultsand discussion

Spectroscopic properties of a series of N-substituted
1,8-naphthalamides synthesized are listed in table 1.

Cyclic voltammograms of all these compounds in
acetonitrile with tetrabutyl ammonium perchlorate
(TBAP) as supporting electrolyte show reversible
redox couple, below. The redox couple is attributed
to the formation of aradical anion involving a one-
electron redox process as below,??°

o]

4 e

N-R —=
L~ T

o

From the electrochemical data shown in table 1 it is
clear that groups attached to the nitrogen atom in the
ring of 1,8-naphthalimide do not significantly affect
the redox property of these compounds. In the case
of N-2-hydroxyethyl 1,8-naphthalimide it is obser-
ved that the redox couple is affected by the addition
of poly-hydroxy aromatic compound. Thus the re-
versible redox couple present in the parent molecule
(5) is lost when 1,3-dihydroxy benzene or 1,3,5-tri-
hydroxybenzene is added to a solution of N-2-
hydroxy ethyl 1,8-naphthalimide. Thisisin accordance
with the results on the formation of 1: 1 adduct of
N-2-hydroxy ethylphthalimide with 1,3-dihydroxy-
benzene or 1,3,5-trihydroxy benzene?® Quenching
of the redox process occurs due to the formation of
adduct of 1,8-naphthalimide derivative (5) with
polyhydroxy aromatic compounds. It has been sug-
gested that the binding of o-quinone derivatives to
the dendrimeric hosts leads to lowering of their re-
duction potential and stabilization of the anionic
radicals.”” The *H NMR spectrum of N-2-hydroxy-
ethyl-1,8-naphthalimide was recorded in deuterated
chloroform solution without 1,3-dihydroxybenzene
and with its addition at different concentration ratios.
This study did not differentiate between chemical
shifts of the original substrates and adducts, except
that broadening of the OH-signal present at 3 ppm
occurs when 1,3-dihydroxybenzene is added, |eaving
the other signals intact at the original positions. This
suggests that there is a slow exchange of protons be-
tween the 1,3-dihydroxybenzene and N-2-hydroxy-
ethyl 1,8-naphthalimide.

From the above discussion it is clear that the sub-
stituent attached to the nitrogen atom in 1,8-
naphthalimide does not significantly affect the redox
property, but the supramolecular assembly formation
can affect the redox potential. With this background,
we extended our study to incorporate the 1,8-
naphthalimide unit in the copper complex with a

s
8 N-R (1)

(0]
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Table2. Spectroscopic data for copper complexes (8-10).
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TG (temperature Eio;
Complex Elemental analysis (%) IR (KBr, cm™) and weight loss)® (AE ipdipn)”
8 Found: C, 5162 H, 268, N, 627  2930(s), 2858(s), 1701(s), 225-270°C; 7842% -1240 mV;
Calcd. for ML,(ClOy)2: 1665(s), 1624(s), 1440(s), [calcd. 78%65% for loss (81 mV,
C, 5162; H, 2:86; N, 668 1388(s), 1245(s), 1112(s), of 2L followed by loss 1:82)
1061(s), 963(s), 789(s) of HCIO, via hydrolytic
reaction to give
Cu(OH)CIOy)
9 Found: C, 536, H, 327, N, 749 3452(bw), 3063(w), 2976(w), 50-80°C; 39% (calcd. —-1238 mV
Calcd. for ML,(NOs),.2H,0 1701(s), 1665(s), 1496(s), 4%% for loss of water (80 mv,
C, 5403, H, 360, N, 7°00 1440(s), 1387(s), 1291(s), of crystallization) 1>34)
1235(s), 1173(s), 1015(s), 240-300°C; 3323%
953(s), 779(s) (calcd. 36%2%, for loss
of one ligand)
240-430°C; 31°87%
(calcd. 36%2% for loss
of another ligand)
450-600°C; 17°08%
[calcd. 16%, for loss of
HNO; viareaction with
moisture to give
Cu(OH)NGQ;]
10 Found: C, 4583, H, 2582, N, 70  2930(s), 2858(s), 1778(w), 220-450°C; 73%69% -292 mV
Calcd. for ML,(CIOy),, 1726(s), 1624(m), 1440(s), [calcd. 75%6% for loss (270 mV,
C, 44>89; H, 2%67; N, 748 1404(s), 1122(s), 1050(s), of two-ligands, followed  0:279)

943(m), 723(s)

by hydrolytic cleavage
to release HCIO,
and form Cu(OH)CIO,]

“All electrode potentials reported are measured in acetonitrlie (1 mmol), TBAP as supporting electrolyte, platinum
electrodes as working electrodes and Ag/AgCl as reference electrode (+ve scan, 100 mV/s) and are with respect to the
ferrocene couple. *Caution! The perchlorate complexes are potentially explosive

view to have aredox active metal centre that may in
turn affect the electrochemistry of the 1,8-naph-
thalimide unit. Since the 1,8-naphthalimide is not a
good enough nitrogen donor to form the complex,
we attempted synthesizing copper (1) complexes with
ligand (5) having a pyridine group attached to the
1,8-naphthalimide unit. This ligand did not give pro-
perly isolable copper complexes, presumably due to
steric congestion. However, ligand (6) and (7) form
well-characterisable copper (1) complexes with nitrate
and perchlorate as anion (see (2) below). They have
good solubility in methanol, acetonitrile etc. to
study them in solution. In each case a ML,X, type
complex (where L = ligand and X = anion) is obser-
ved with or without water of crystallisation.

2L+ CuX,nH,0— | ,CuX, 2

8-10
when

9
o S
5;@ X = ClOoj
L= o
10

The molar conductance value of each complex has
value ranging from 20-40 ohm™cm? depending on
solvent under consideration. This suggests that they
are nonionic. This is attributed to the fact that the
nitrate and perchlorate groups in these complexes
are coordinated to the copper (I1) ion in both mono-
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dentate and bidentate fashion to complete five co-
ordination geometry. Such observation is common
in copper (1) coordination chemistry, as many penta-
coordinated copper (I11) complexes with overal N,Os
co-ordination around copper (l1) is well documen-
ted.®®? The minimised energy structure of (9) having
two N-(4-pyridylmethyl)-1,8-naphthalimide ligands
along with two nitrato groups attached to copper (1)
ion is shown in figure 1. The elemental analysis of
these complexes suggests that in the case of nitrate
complex (9) there are two molecules of water of
crystallization. This is supported by loss of weight
from (9) observed at relatively low temperature (50—
80°C) and is further supported by observation of
broad and weak absorbance in IR spectraat 3452 cmi™
due to OH-stretching vibrations. A freshly prepared
and well-dried sample of (9) is devoid of these fea-
tures; but on standing the compound under ordinary
conditions rapidly picks up moisture.
Thermogravimetry shows that perchlorate com-
plexes (8) and (10) lose the ligands at relatively low
temperature; for example in the case of (8) it occurs
at 225-270°C whereas in the case of (10) it occurs
at 220-250°C. Final weight loss in both the com-
pounds corresponds to formation of Cu(OH)CIO,.
Presumably this occurs, through a hydrolytic reac-
tion of anhydrous copper (I1) perchlorate formed as
intermediate and liberation of HCIO,. There is a dif-
ference in the mass loss pattern between the two
complexes; in the case of (10) weight loss is spread
over the range 220460°C, of which the loss at the
region 220-250°C is sharp and corresponds to loss
of the two neutral ligands and weight loss beyond
250°C corresponds to hydrolytic cleavage with traces
of moisture in the nitrogen gas. However, the | oss of
weight in the case of (9) occursin avery narrow re-
gion; there is a sharp loss of weight at 225°C, with a
small increase in weight (226-235°C, 1X0%), follo-
wed by loss of weight (226-270°C, 3*0%), this pre-
sumably happens due to a loss of ligand and the

Figurel. Energy minimized structure of (9).

121

hydrolytic reaction of anhydrous copper (l1) per-
chlorate over a very narrow temperature range. It is
a well established fact that anhydrous copper (I1)
perchlorate is generally produced in solution and is
highly reactive.®* This could be the reason for a hy-
drolytic cleavage in the reaction with traces of moisture
present in nitrogen as impurity. In the case of the
nitrate complex, the thermogram is relatively com-
plicated and involves four steps. The first step cor-
responds to the loss of water of crystalization,
second and third steps to stepwise loss of ligand
whereas the fourth step involves a hydrolytic reaction
of copper (I1) nitrate to form Cu(OH)NO;, thereby
releasing HNOs. In our earlier study it was observed
that in bis-(N-phenyl 3,5-dimethylpyrazole) copper
(I nitrate loses N-phenyl 3,5-dimethylpyrazole
ligands and N,O3 on heating to 450°C to finally give
cupric oxide.*

(@

Current / le-SA

—~
(=)
~

Current / 1e-5A

Potential / V

Figure 2. Cyclic voltammogram of (8) (a) and (10) (b)
in acetonitrile TBAP as supporting electrolyte; platinum
electrodes as working electrodes and Ag/AgCl as refer-
ence electrode (+ve scan, 100 mV/s) and potentials are
with respect to the ferrocene couple.
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The electrochemical study of the complex has
shown no significant change in the reversible redox
couple of the ligand. In the case of complex (10) the
quasi-reversible Cu(l)/Cu(ll) couple occurs at a dif-
ferent position as compared to the similar couple in
compounds (8) and (9). This may occur due to the
non-interacting nature of the naphthalimide and
phthalimide units at a remote site with the redox ac-
tive metal site. Moreover, the phthalimide derivative (7)
is also redox inactive in the region of +10V to
-1%6 V (vs SCE). Redox peaks of complexes (8) and
(9) in +10V to =16 V region from both the metal
centers and the ligand are well separated from each
other and can be easily distinguished (figure 2).

In conclusion, the reversible redox couples of the
1,8-naphthalimide derivatives presented in this
manuscript are not affected by substituents attached
to the N-atom or the presence of aredox centre at are-
mote place, but are affected by supramolecular assem-
bly. This allows scope for use of these substrates as
electrochemical probes.
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