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Abstract: A general protocol for the synthesis of 3,4-dihalogen substituted 1,8-naphthalimides is
proposed, starting from available and cheap 1,8-naphthalic anhydride. The reported new compounds
have only bromine or chlorine atoms as substituents, in contrast to the known iodo-containing
analogues. This is an advantage in possible aryl nucleophilic substitution or cross-coupling modifica-
tions, making them interesting and important building-block molecules in naphthalimide chemistry.
Although the procedure includes five synthetic steps, they are quick and straightforward. The overall
yields are relatively high (48-62%), and only one column of chromatographic purification is needed.
All the reactions were carried out on a multigram scale to allow the target building-block compounds
to be obtained in sufficient amounts for further derivatizations.

Keywords: 1,8-naphthalic anhydride; 1,8-naphthalimide; Sandmeyer reaction; bromination; chlorination;
building blocks

1. Introduction

Naphthalimides (NIs) are heterocyclic compounds with a planar, 7-deficient aromatic core
structure. Their derivatives, especially having electron-donating substituents, are characterized
by valuable spectral properties, as well as promising biological activities [1,2]. Numerous
applications of 1,8-naphthalimide derivatives in various research fields have been reported
in the literature in the last decades. These versatile molecules were successfully exploited
as fluorescent chemosensors for monitoring biologically important cations, anions, and
enzymes [3,4], probes for the detection of small molecular substances in the environment
and in vivo [5], sensitizers [6], anticancer agents, DNA intercalators [7,8], emissive layers in
OLED:s [9], organelle imaging and tracking agents [10], etc. Despite the constant search for
new NI-based compounds with tailored properties, the synthetic methods for derivatization
of the core structure, either in the imides or in their anhydride precursors, remain limited.
In most cases, halogen-substituted starting compounds are used since they can undergo
aromatic nucleophilic substitution and/or metal-catalyzed cross-coupling reactions to
afford the target NIs of interest. Unfortunately, aside from 4-halogeno substituted ones,
they are not commercially available and must be prepared in advance, which might become
challenging, especially for poly-halogen-containing representatives. From that point of
view, the development of easily accessible synthetic protocols for preparation on the gram
scale of polyhalogenated naphthalic anhydrides and their respective imides is greatly
beneficial for rylene chemistry.
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Recently, we reported a method for excessive halogenation of naphthalic anhydride
to prepare 3,4,5,6-tetrabromo and tetrachloro derivatives, which were proven as versatile
building blocks for further derivatization [11,12]. A more selective method for the synthesis
of 3,4,6-tribromo naphthalic anhydride was later developed to allow new substitution
patterns to be exploited [13]. As part of our efforts to expand the toolbox of synthetic
chemists in the field, we focused on improving strategies for preparing 3,4-dihalogeno NIs.

The first example of a synthesis of such a compound is the work of Brana et al. [14],
where the authors obtained 4-chloro-3-iodo NI, which was then used in Sonogashira cross-
coupling. More than a decade later, in the group of Professor Tian, 4-bromo-3-iodo NI
was synthesized [15], and both halogens were substituted with thiophene units in Suzuki
cross-coupling. The same approach was used later again by Tian et al. [16] and by the group
of Liu and Yin [17,18]. Most recently, Kulik et al. synthesized 3-chloro-4-iodo NI from
3-amino naphthalic anhydride, which was then used for the preparation of aryl-bridged
thienonaphthalimides [19]. In all cases, the second halogen is introduced under Sandmeyer
reaction conditions. In all examples, one of the halogens is iodine, which leads to two
significant disadvantages: (i) the total yields are not very high, and (ii) the iodo-NIs are not
the ideal precursors neither for aromatic nucleophilic substitution nor for metal-catalyzed
cross-coupling reactions, due to significant amounts of deiodination. To tackle these
problems, we have developed and report herein an improved strategy for gram-scale prepa-
ration of 3,4-dichloro or 3,4-dibromo-NI, as well as mixed 3,4-dihalogenated bromo-chloro
naphthalimides, starting from cheap and commercially available 1,8-naphthalic anhydride.

2. Results and Discussion

The lack of commercially available and inexpensive polysubstituted 1,8-naphthalic
anhydrides or easily accessible synthetic protocols for their preparation greatly limits the
possibility of synthesizing diverse polyfunctional NI derivatives. As our literature survey
showed (vide supra), there are only a few examples of preparing 3,4-dihalogen substituted
1,8-naphthalimides, and all reported methods use 3-amino-1,8-naphthalene anhydride.
The use of substituted 1,8-naphthalic anhydrides in the conditions of the Sandmeyer
reaction has several disadvantages: (i) low solubility of the anhydrides in aqueous acidic
media or organic solvents; (ii) inability to purify the product by column chromatography
or recrystallization; (iii) difficulties in following the reaction by TLC due to the strong
retention on silica gel, as well as the easy opening of the cyclic anhydride to a dicarboxylic
acid. To avoid these drawbacks, we decided to use an orthogonal approach for the synthesis
of 3,4-dihalogen substituted NIs based on N-alkyl imides instead of anhydrides (Scheme 1).
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Scheme 1. Synthetic strategy for preparation of 3,4-dihalogen 1,8-naphthalimides.

Our synthetic strategy involves several standard steps used in naphthalimide chem-
istry. It starts with nitration of the cheap and commercially available 1,8-naphthalic anhy-
dride, followed by imidization, reduction of 3-nitro-1,8-naphthalimide to an amino deriva-
tive, and halogenation under mild conditions. The key step was finding suitable conditions
for the Sandmeyer reaction of the significantly hydrophobic N-alkyl-1,8-naphthalimide
to proceed.

Based on our previous research, we carried out nitration in concentrated sulfuric acid
and solid sodium nitrate at room temperature (Scheme 2). The 3-nitro-1,8-naphthalic anhy-
dride obtained under these conditions contains small amounts of the isomeric 4-nitro-1,8-
naphthalic anhydride, but it is easily removed with just one recrystallization from chloroben-
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zene. The imidization of 3-nitro-1,8-naphthalic anhydride 2 with 2-ethylhexylamine was
carried out in a mixture of NMP and acetic acid at 120 °C for 30 min. After workup, the
crude product (pure by TLC) was dissolved in a minimal amount of dichloromethane,
and methanol was added portion-wise until imide 3 was completely precipitated. For
the reduction, various conditions were tested—palladium on carbon and hydrogen or
hydrazine, stannous dichloride or iron powder in acetic acid, or a mixture of dioxane and
concentrated hydrochloric acid (see the Supplementary Information for details). The best
results were obtained using iron powder in acetic acid at 90 °C. Under these conditions, the
reduction proceeds relatively quickly and very neatly and is easily followed by TLC. After
workup, the crude product was dissolved in dichloromethane, filtered through silica gel,
washed with dichloromethane ethyl acetate (20:1), and evaporated to dryness. The target
product was isolated in very high yields (99%) on a large scale (100 mmol).
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O # L, OO, R O
NO, NO, NH,
1 2 3 4

(i) NaNOg, sulfuric acid, RT, 3h
(ii) 2-ethylhexylamine, NMP, AcOH, 120°C, 30 min
(iii) iron powder, AcOH, 90°C, 3h

Scheme 2. Synthesis of N-(2-etylhexyl)-3-amino-1,8-naphthalimide 4.

Since 3-amino-1,8-naphthalimide 4 is a highly activated aromatic substrate for elec-
trophilic aromatic substitution, very mild conditions for the halogenation may be used.
The bromination of imide 4 was carried out in acetic acid with 1.2 equivalents of bromine
at room temperature (Scheme 3). The reaction is very fast and takes place in only 20 min,
isolating the 3-amino-4-bromo NI 5 in quantitative yield and high purity on a gram scale.
The chlorination of imide 4 was again carried out by an electrophilic mechanism, using
N-chlorosuccinimide in DMF at room temperature. The reaction was completed for five
hours, and after workup, the 3-amino-4-chloro imide 6 was isolated in a quantitative yield
and pure by TLC.
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O, w (O = L O
NH, NH, X

NH,
Br 4 Cl Cl
5 6 9-10
(i) Bry, AcOH, rt, 20 min 9 X=Br, 711%
(ii) NCS, DMF, rt, 5h 10 X = Cl, 69%

(iii) 1) NaNO,, AcOH, sulfuric acid, acetonitrile, water, 5°C, 1h
2) CuBr, HBr 48%, 5h

(iv) 1) NaNO,, AcOH, sulfuric acid, acetonitrile, water, 5°C, 1h
2) CuCl, HCI 37%, 5h

Scheme 3. Synthesis of 3,4-dihalogen-1,8-naphthalimides.
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As mentioned above, the key step in our strategy was to find suitable conditions
to carry out the Sandmeyer reaction using the significantly hydrophobic imides 5 and
8. As solvent for the diazotization reaction, we chose acetic acid or a mixture of acetic
acid and acetonitrile (2:1), in the presence of 70% aqueous sulfuric acid. In both cases, the
diazotization reaction proceeded successfully, with significantly better results observed
when the acetonitrile additive was used. After diazotization, the resulting diazonium salt
is poured onto a solution of copper bromide or chloride in concentrated hydrobromic or
hydrochloric acid, respectively. The yields of the Sandmeyer halogenations carried out in
this way were good to excellent (69-89%), and in all cases, the reactions were carried out
on a large scale (40 mmol). The use of imides instead of anhydrides in this reaction has the
additional advantage of isolating the target 3,4-dihalogenated NIs in high purity by means
of column chromatography on silica.

3. Materials and Methods
3.1. Materials

All starting materials and solvents were commercially available and used without
additional purification: Fluorochem (Glossop, UK), Across (Antwerpen, Belgium), and
Fisher Scientific (Hampton, NH, USA).

NMR spectra were recorded on a Bruker Avance 500 MHz instrument (Bruker, Karl-
sruhe, Germany) operating at 500 and 126 MHz for 'H and '3C, respectively. CDCl; was
used as a solvent. Chemical shifts are reported in  units (ppm) and referenced to the
residual solvent signals (‘H at 7.26 ppm and '3C at 77.160 ppm). HRMS were recorded on
a ThermoFisher Scientific—Orbitrap Exploris 120 (Source—HESI APCI, Comby Nozzle,
Bremen, Germany). IR spectra were recorded on a Spectrum Two FI-IR spectrometer
(PerkinElmer, Waltham, MA, USA) equipped with an ATR accessory. The melting point
(uncorrected) was determined on a Kofler hot-stage microscope. Elemental analyses were
carried out on a Leco CHNS-932 (Leco Europe, Geleen, The Netherlands). Thin layer
chromatographic (TLC) analysis was performed on silica gel plates (Macherey-Nagel F60
254 40 x 80; 0.2 mm, Macherey-Nagel, Duren, Germany).

3.2. Synthesis of 3-Nitro-1,8-naphthalic Anhydride 2

To a solution of 1,8-naphthalic anhydride (200.0 mmol, 39.64 g) in 250 mL conc. sulfuric
acid, sodium nitrate (210.0 mmol, 14.49 g) was added in small portions (~500 mg) for two
hours at room temperature. The reaction mixture was stirred for an additional one hour
at the same temperature. The mixture was then poured onto ice, and the precipitate was
filtered, washed with water, and dried. The crude product was purified by recrystallization
from chlorobenzene. Yield 40.85 g (84%) as an off-white solid.

3.3. Synthesis of N-(2-Ethylhexyl)-3-nitro-1,8-naphthalimide 3

To a solution of 3-nitro-1,8-naphthalic anhydride 2 (150.0 mmol, 36.48 g) in a 150 mL
mixture of NMP and acetic acid (ratio 1:1), 2-ethylhexylamine (1.5 eq, 225.0 mmol, 29.08 g,
37.20 mL) was added. The mixture was stirred for 30 min at 120 °C and then poured into a
mixture of ice (200 g) and 50 mL hydrochloric acid. The precipitate was filtered, washed
with water, and dried. The crude product was dissolved in dichloromethane, filtered
through silica (50 g), washed with dichloromethane, and evaporated to dryness. The solid
was dissolved again in a minimum amount of dichloromethane and precipitated with
methanol. Yield 49.44 g (93%) as an off-white solid. 'H NMR (Chloroform-d, 500 MHz)
5 ppm: 9.31 (1H, d, ] = 2.2 Hz); 9.12 (1H, d, ] = 2.2 Hz); 8.77 (1H, dd, ] = 7.3, 1.1 Hz); 8.42
(IH, m, ] =8.3,1.0Hz); 7.94 (1H, dd, ] = 8.3, 7.3 Hz,); 4.14 (2H, qd, ] = 12.9, 7.3 Hz); 1.93
(1H, hept, ] = 6.2 Hz); 1.44-1.26 (8H, m); 0.93 (3H, t, ] = 7.4 Hz); 0.88 (3H, t, ] = 7.1 Hz).1*C
NMR (Chloroform-d, 126 MHz) 6 ppm: 163.61, 162.99, 146.56, 135.56, 134.59, 131.14, 130.36,
129.24, 128.94, 124.89, 124.43, 123.41, 44.67, 38.05, 30.84, 28.78, 24.16, 23.18, 14.22, 10.73.
FT-IR vinax 1704, 1661, 1547, 1347, 1327, 791, 758 cm~!. Anal. caled. CooHppN»Oy: C, 67.78;
H, 6.26; N, 7.90; found: C, 67.79; H, 6.57; N, 7.77.
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3.4. Synthesis of N-(2-Ethylhexyl)-3-amino-1,8-naphthalimide 4

To a hot solution (90 °C) of N-(2-ethylhexyl)-3-nitro-1,8-naphthalimide 3 (120.0 mmol,
42.53 g) in 400 mL acetic acid, iron powder (360.0 mmol, 20.10 g) was added portion-wise
for three hours. The mixture was poured into ice/water (400 g), and the precipitate was fil-
tered, washed with water, and dried. The crude product was dissolved in dichloromethane,
filtered through silica (50 g), washed with dichloromethane ethyl acetate (20:1), and evapo-
rated to dryness. The solid was dissolved again in a minimum amount of dichloromethane
and precipitated with hexane. Yield 35.04 g (90%) as yellow crystals, mp: 141-143 °C. 'H
NMR (Chloroform-d, 500 MHz) 6 ppm: 8.31 (1H, dd, ] =7.3, 1.0 Hz); 8.05 (1H, d, ] = 2.1 Hz);
792 (1H,d, ] =8.1Hz); 7.59 (1H, dd, ] = 8.1, 7.4 Hz); 7.33 (1H, bs); 4.09 (2H, qd, ] = 12.9,
7.3 Hz); 3.93 (bs, 2H); 1.92 (1H, hept, ] = 6.2 Hz); 1.40-1.25 (8H, m); 0.91 (3H, t, ] = 7.4 Hz);
0.87 (3H, t, ] = 7.1 Hz). '3C NMR (Chloroform-d, 126 MHz) § ppm: 164.92, 164.72, 144.93,
133.49, 131.77,127.78, 127 40, 123.85, 122.89, 122.66, 122.32, 114.45, 44.27, 38.06, 30.88, 28.85,
24.18, 23.22, 14.24, 10.79. FT-IR Vmax 2931, 1652, 1598, 1346, 1328, 1300, 787 cm~!. Anal.
caled. CooHo4N»O5: C, 74.05; H, 7.46; N, 8.63; found: C, 74.18; H, 7.33; N, 8.79. HRMS (ESI)
m/z 325.1916 (caled for CypHpsN2O; [M + H]* 325.1911).

3.5. Synthesis of N-(2-Ethylhexyl)-3-amino-4-bromo-1,8-naphthalimide 5

To a solution of N-(2-ethylhexyl)-3-amino-1,8-naphthalimide 4 (100.0 mmol, 32.44 g)
in 300 mL acetic acid, a solution of bromine (120.0 mmol, 19.20 g) in 50 mL of acetic acid
was added dropwise for five minutes at room temperature. The mixture was stirred for an
additional 15 min and then poured into ice (500 g). The precipitate was filtered, washed
with water, and dried. The crude product was dissolved in dichloromethane (200 mL),
filtered through silica (50 g), washed with dichloromethane, and evaporated to dryness.
The solid was dissolved again in a minimum amount of dichloromethane and precipitated
with hexane. The precipitate was filtered, washed with hexane, and dried. Yield 39.93 g
(99%) as yellow crystals, mp: 177-179 °C. 'H NMR (Chloroform-d, 500 MHz) § ppm: 8.35
(1H,d,J=73Hz);831(1H,d, ] =8.5Hz), 8.07 (1H, s), 7.71 (1H, dd, ] = 8.4, 7.4 Hz), 4.69
(2H, s), 4.08 (2H, qd, ] = 12.9, 7.3 Hz), 1.91 (1H, hept, ] = 6.3 Hz), 1.42-1.25 (8H, m), 0.92
(3H, t, ] =7.4Hz), 0.87 (3H, t, ] = 7.1 Hz). '3C NMR (Chloroform-d, 126 MHz) § ppm:
164.49, 164.24, 143.37, 132.01, 131.00, 128.47, 127.86, 123.05, 122.92, 122.77, 121.67, 110.16,
44.35, 38.04, 30.87, 28.84, 24.19, 23.21, 14.24, 10.79. FT-IR vmax 3358, 1650, 1617, 1599, 1231,
780 cm 1. Anal. caled. CyyHy3BrN,Os: C, 59.56; H, 5.75; N, 6.95; found: C, 59.79; H, 5.91;
N, 7.19. HRMS (ESI) m/z 403.1025 (calcd for CpoHp4BrN,O, [M + H]* 403.1016).

3.6. Synthesis of N-(2-Ethylhexyl)-3-amino-4-chloro-1,8-naphthalimide 6

To a solution of N-(2-ethylhexyl)-3-amino-1,8-naphthalimide 4 (100.0 mmol, 32.44 g) in
150 mL of DMF, N-chlorosuccinimide (120.0 mmol, 16.02 g) was added for one hour at room
temperature. The mixture was stirred for an additional four hours and then poured into
ice (300 g). The precipitate was filtered, washed with water, and dried. The crude product
was dissolved in dichloromethane (200 mL), filtered through silica (50 g), washed with
dichloromethane, and evaporated to dryness. The solid was dissolved again in a minimum
amount of dichloromethane and precipitated with hexane. The precipitate was filtered,
washed with hexane, and dried. Yield 35.17 g (98%) as yellow crystals, mp: 171-172 °C. 'H
NMR (Chloroform-d, 500 MHz) 4 ppm: 8.35 (1H, dd, | =7.3, 1.0 Hz); 8.31 (1H, dd, ] = 8.5,
1.0Hz); 8.09 (1H, s); 7.71 (1H, dd, ] = 8.5, 7.3 Hz); 4.46 (2H, bs); 4.08 (2H, qd, ] =12.9, 7.3 Hz);
1.91 (1H, hept, | = 6.2 Hz); 1.41-1.25 (8H, m); 0.92 (3H, t, ] =7.5 Hz); 0.87 (3H, t, ] = 7.1 Hz).
13C NMR (Chloroform-d, 126 MHz) § ppm: 164.57, 164.18, 141.82, 130.56, 128.46, 128.21,
127.87,123.00, 122.92, 122.01, 121.88, 117.65, 44.34, 38.04, 30.87, 28.84, 24.18, 23.21, 14.23,
10.78. FT-IR Vmax 1650, 1619, 1427, 1231, 1185, 780 cm~!. Anal. caled. CooHp3CIN,;Oy: C,
66.94; H, 6.46; N, 7.81; found: C, 66.72; H, 6.65; N, 8.02. HRMS (ESI) m/z 359.1528 (calcd for
C20H24C1N202 [M + H]+ 359.1521).

General procedure for the preparation of imides 7 and 8: To a cold (0-5 °C) sus-
pension of imide 5 or 6 (40.0 mmol) in 200 mL acetic acid, 100 mL of acetonitrile and
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30 mL of 70% sulfuric acid, a solution of sodium nitrite (50.0 mmol, 3.45 g) in 20 mL of
water was added dropwise for one hour. The mixture was stirred for an additional 15 min
and then poured into the solution of copper (I) bromide (50.0 mmol, 7.17 g) in 80 mL of
48% hydrobromic acid. The mixture was diluted with water up to 600 mL and stirred
for two hours. The mixture was extracted with dichloromethane, dried, and evaporated
to dryness. The crude product was purified by column chromatography on silica using
hexane/dichloromethane as eluent.

3.7. Synthesis of N-(2-Ethylhexyl)-3,4-dibromo-1,8-naphthalimide 7

Yield 16.63 g (89%) as a white solid, mp: 128.5-130.3 °C. 'H NMR (Chloroform-d,
500 MHz) 6 ppm: 8.72 (1H, s), 8.63 (1H, d, ] =7.3 Hz), 8.61 (1H, d, ] = 8.6 Hz), 7.84 (1H, dd,
J=82,77Hz),4.10 2H, qd, ] =12.9, 7.3 Hz), 1.91 (1H, hept, ] = 6.1 Hz), 1.41-1.26 (8H, m),
0.92 (3H, t, ] = 7.4 Hz), 0.88 (3H, t, ] = 7.0 Hz). 3C NMR (Chloroform-d, 126 MHz,) § ppm:
163.77,163.17, 135.03, 134.14, 132.49, 131.99, 131.91, 129.25, 127.46, 125.49, 123.41, 123.01,
44.53, 38.03, 30.85, 28.81, 24.17, 23.19, 14.23, 10.75. FT-IR viax 1702, 1652, 1346, 1221, 1186,
722 em~!. Anal. caled. CpoHyBroNO»: C, 51.42; H, 4.53; N, 3.00; found: C, 51.25; H, 4.49;
N, 3.11. HRMS (ESI) m/z 466.0007 (calcd for CooHpoBroNO, [M + H]* 466.0012).

3.8. Synthesis of N-(2-Ethylhexyl)-3-bromo-4-chloro-1,8-naphthalimide 8

Yield 12.34 g (73%) as an off-white solid, mp: 123-124 °C. 'H NMR (Chloroform-d,
500 MHz) 6 ppm: 8.72 (1H, s); 8.63 (1H, dd, | = 7.3, 1.0 Hz); 8.59 (1H, dd, | = 8.5, 1.0 Hz);
7.86 (1H, dd, ] = 8.5, 7.3 Hz); 4.10 (2H, qd, | = 12.9, 7.3 Hz); 1.91 (1H, hept, ] = 6.2 Hz);
1.44-1.21 (8H, m); 0.92 (3H, t, ] = 7.4 Hz); 0.87 (3H, t, ] = 7.0 Hz). '3C NMR (Chloroform-d,
126 MHz) 6 ppm: 163.83, 163.03, 138.45, 135.15, 131.95, 131.06, 130.68, 128.97, 127.72, 123.42,
122.43,122.33, 44.52, 38.03, 30.85, 28.81, 24.17, 23.19, 14.23, 10.75. FT-IR vmax 1704, 1654,
1590, 1347, 1224, 783 cm L. Anal. caled. CooHyBrCINO;,: C, 56.82; H, 5.01; N, 3.31; found:
C,56.99; H, 5.06; N, 3.15. HRMS (ESI) m/z 422.0515 (calcd for CyoHypBrCINO; [M + H]*
422.0517).

General procedure for the preparation of imides 9 and 10: To a cold (0-5 °C) suspen-
sion of imide 5 or 6 (40.0 mmol) in 200 mL acetic acid, 100 mL of acetonitrile and 30 mL
of 70% sulfuric acid, a solution of sodium nitrite (50.0 mmol, 3.45 g) in 20 mL of water
was added dropwise for one hour. The mixture was stirred for an additional 15 min and
then was poured into the solution of copper (I) chloride (50.0 mmol, 4.95 g) in 80 mL of
37% hydrochloric acid. The mixture was diluted with water up to 600 mL and stirred
for two hours. The mixture was extracted with dichloromethane, dried, and evaporated
to dryness. The crude product was purified by column chromatography on silica using
hexane/dichloromethane as eluent.

3.9. Synthesis of N-(2-Ethylhexyl)-4-bromo-3-chloro-1,8-naphthalimide 9

Yield 12.01 g (71%) as an off-white solid, mp: 127-129 °C. H NMR (Chloroform-d,
500 MHz,) b ppm: 8.62 (1H, dd, | =7.3, 1.1 Hz); 8.58 (1H, dd, | = 8.2, 1.1 Hz); 8.57 (1H,
s); 7.86 (1H, dd, ] =8.5,7.3 Hz), 4.10 (2H, qd, ] = 12.9, 7.3 Hz), 1.91 (1H, hept, ] = 6.2 Hz),
1.46-1.21 (8H, m), 0.92 (3H, t, ] = 7.4 Hz), 0.87 (3H, t, ] = 7.1 Hz). 3C NMR (Chloroform-d,
126 MHz) & ppm: 163.79, 163.23, 135.01, 133.67, 132.32, 132.03, 131.84, 129.42, 129.21, 127.15,
123.33, 123.10, 44.53, 38.03, 30.85, 28.80, 24.17, 23.19, 14.23, 10.75. FI-IR vmax 1703, 1652,
1588, 1346, 1224, 1186, 783 cm™!. Anal. caled. CpoHy BrCINO,: C, 56.82; H, 5.01; N, 3.31;
found: C, 56.66; H, 4.93; N, 3.49. HRMS (ESI) m/z 422.0512 (calcd for CyoHppBrCINO,
[M + H]* 422.0517).

3.10. Synthesis of N-(2-Ethylhexyl)-3,4-dichloro-1,8-naphthalimide 10

Yield 10.44 g (69%) as a white solid, mp: 124-125 °C. 'H NMR (Chloroform-d,
500 MHz) 6 ppm: 8.62 (1H, dd, ] =7.3,1.0 Hz); 8.58 (1H, s); 8.54 (1H, dd, | = 8.6, 1.0 Hz); 7.87
(1H, dd, ] =8.5,7.3 Hz);4.10 (2H, qd, ] =12.9, 7.3 Hz); 1.91 (1H, hept, | = 6.2 Hz); 1.41-1.26
(8H, m); 0.92 (3H, t, ] = 7.4 Hz); 0.87 (3H, t, ] = 7.0 Hz). 13C NMR (Chloroform-d, 126 MHz)
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b ppm: 163.86, 163.11, 136.29, 132.48, 132.23, 131.86, 130.74, 130.65, 128.96, 127.33, 123.35,
122.38, 44.52, 38.03, 30.84, 28.80, 24.17, 23.19, 14.23, 10.75. FT-IR vimax 1704, 1653, 1347, 1312,
1187, 783 cm 1. Anal. caled. CooHy1CLNO,: C, 63.50; H, 5.60; N, 3.70; found: C, 63.81; H,
5.39; N, 3.47. HRMS (ESI) m/z 378.1019 (calcd for CooH»ClL,NO, [M + H]* 378.1022).

4. Conclusions

A reliable protocol for a multigram-scale synthesis of 3,4-dihalogeno-1,8-naphthalimides
is proposed. The target compounds are obtained easily from commercially available
and cheap 1,8-naphthalic anhydride. The strategy allows the preparation of 3,4-dibromo,
3,4-dichloro, or mixed (3-bromo-4-chloro or 4-bromo-3-chloro) NI derivatives. Due to
their specific functionalization, we believe the proposed imides are powerful building-
block molecules in rylene chemistry, as they can be further derivatized by direct aromatic
nucleophilic substitution or metal-catalyzed cross-coupling reactions. All reaction steps
proceed on a gram scale and in very high yields. The purification of the intermediate and
final compounds is easy and straightforward compared to the use of anhydrides due to
imidization in the early stage.

Supplementary Materials: 'H-, 13C-NMR, IR and HRMS spectra copies of synthesized compounds
can be found in the File Supplementary Materials.
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