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1,7-Dibromo-substituted perylene bisimides have been ob-
tained in yields of at least 60% in regioisomerically pure form
by treating the commonly used dibromoperylene-3,4,9,10-
tetracarboxylic dianhydride with 2-(diethylamino)ethyl-
amine or 2-(dimethylamino)ethylamine and then separating
the 1,7-isomer from the regioisomeric mixtures by conven-
tional column chromatography and without recrystallization.
The individual regioisomers were fully characterized by 1H
NMR spectroscopy and HRMS. The signals of the protons

Introduction

Perylene bisimides (PBIs) have been extensively utilized
for a wide range of high technology applications owing to
their outstanding properties such as intense absorption in
the visible region, high fluorescence quantum yield, strong
electron-accepting character, and excellent photochemical
stability.[1] One of the crucial characteristics of PBIs, which
greatly enhances their utility in comparison with other or-
ganic dyes, is the possibility of fine-tuning their molecular-
level electronic and optical properties.[2] The last decade has
witnessed their extensive utilization in numerous electronic
and optical applications,[3] for example, in organic field-
effect transistors (OFETs), organic light-emitting diodes
(OLEDs), organic solar cells, photosensitizers, fluorescent
sensors, and molecular wires.

PBIs can be structurally modified either at the “peri”
(carboxylic acid) position or in the “bay” region (1-, 6-, 7-,
and 12-positions) by the attachment of various electron-
donor or electron-acceptor groups.[2,4] In accord with the
requirement of various applications, numerous function-
alized PBIs with interesting optical and electrochemical
properties have been synthesized by modification of the bay
region. The strategy of bay substitution generates certain
other key advantages simultaneously. For example, it can
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located in the aromatic region and neighboring the imide
nitrogen atom were utilized to confirm the chemical struc-
tures of the isomers. The 1,7-dibromo isomer obtained with
2-(dimethylamino)ethylamine in such a convenient and ef-
ficient way was further used to prepare 1,7-disubstituted per-
ylene bisimide derivatives by saponification, amidation, and
then bay-position substitution reactions. These compounds
exhibited a significant redshift and broadening of their ab-
sorption and emission in optical spectroscopy analysis.

clearly improve the solubility of such derivatives in water or
organic solvents by reducing π–π stacking and also provides
extra sites, in addition to the peri positions, for the attach-
ment of other functional groups.[3d,3e,5] Therefore the bay-
functionalization approach is crucial for controlling the
chemical structures and physical properties of PBIs. The
most widely used procedure for the preparation of bay-
functionalized PBIs involves the use of dibromoperylene
bisimide as the intermediate due to the facile exchange of
the bromo substituents in the bay region with various
nucleophiles.[2a,4] However, dibromination products of per-
ylene-3,4,9,10-tetracarboxylic dianhydride are obtained as
mixtures of 1,7- and 1,6-isomers and so subsequent imidi-
zation produces isomerically impure bay-substituted com-
pounds.[6] In an alternative approach, dibromoperylene
bisimides have been prepared by the direct bromination of
non-bay-substituted PBIs.[7] However, regioisomeric mix-
tures are also obtained in this case. It has been demon-
strated recently that the optical and electrochemical proper-
ties of 1,6- and 1,7-substituted PBIs can be markedly dif-
ferent.[6,8] Therefore the isomeric purity of these com-
pounds is highly relevant.

Imidization of dibromoperylene-3,4,9,10-tetracarboxylic
dianhydride with cyclohexylamine yielded a regioisomeric
mixture of 1,7- and 1,6-dibromoperylene bisimides, which
were successfully separated by using a repetitive and slow
recrystallization process.[9] Tetrabutyl 1,7-dibromoperylene-
3,4,9,10-tetracarboxylate has also been obtained in regio-
isomerically pure form by employing a recrystallization
method in which the regioisomeric tetrabutyl 1,7- and 1,6-
dibromoperylene-3,4,9,10-tetracarboxylates were synthe-
sized from commercially available 3,4,9,10-perylenetetracar-
boxylic dianhydride and then the desired 1,7-isomer was
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obtained in pure form by crystallization from an aceto-
nitrile/dichloromethane mixture.[10] Recrystallization is the
only existing method for obtaining regioisomerically pure
1,7-dibromoperylene bisimide. However, the method is gen-
erally not suitable for the fast synthesis of regioisomerically
pure derivatives because it is inefficient and cumbersome.

We present herein the very first synthesis of regioisomer-
ically pure 1,7-dibromoperylene bisimides by the reaction
between dibromoperylene-3,4,9,10-tetracarboxylic dian-
hydride and 2-(diethylamino)- or 2-(dimethylamino)ethyl-
amine. The reported reaction is suitable for the efficient
synthesis of various isomerically pure 1,7-dibromoperylene
derivatives because of their satisfactory yields and conve-
nient purification.

Results and Discussion

Synthesis, Separation, and Characterization

As shown in Scheme 1, the synthesis of compounds 2–7
began with commercially available 3,4,9,10-perylenetetra-
carboxylic dianhydride (1). All of the compounds were pre-
pared in two steps from 1 in overall yields of between 56
and 89%.

In the first step, dibromoperylene-3,4,9,10-tetracarb-
oxylic dianhydride was synthesized.[11] This crude product
mixture contained a mixture of 1,7- and 1,6-dibromoper-
ylene dianhydrides 2a and 2b along with 1,6,7-tribromoper-
ylene dianhydride 3.[6a] Compounds 2a, 2b, and 3 could not
be purified by general methods because of their insolubility

Scheme 1. Synthesis of bromo-substituted perylene bisimides. Reagents and conditions: (a) bromine, I2/H2SO4, 85 °C, 24 h; (b) n-but-
ylamine, acetic acid/NMP, 85 °C, 12 h for 4, cyclohexylamine, acetic acid, NMP, 85 °C, 12 h for 5, 2-(diethylamino)ethylamine, acetic
acid, 2-propanol/H2O, 80 °C, 24 h for 6, 2-(dimethylamino)ethylamine, acetic acid, 2-propanol/H2O, 80 °C, 18 h for 7.
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in common organic solvents. Therefore the crude product
mixture was used in the subsequent imidization reactions
with primary amines (Scheme 1). Imidization of 2 with n-
butylamine in the presence of acetic acid as catalyst and N-
methylpyrrolidone (NMP) as solvent under reflux condi-
tions yielded perylene bisimides 4. The mixture was sub-
jected to silica gel column chromatography with CH2Cl2 or
other mixed organic solvents as eluent. However, 4a could
not be obtained in pure form, even after recrystallization
from CH2Cl2/MeOH three times (see Figure S1 in the Sup-
porting Information).

The 400 MHz 1H NMR spectrum of crude 4 in Figure 1
(a) exhibits signals with different intensities in the aromatic
region indicating the presence of 1,7- and 1,6-isomers in the
product mixture. In accord with a previous report,[9] the
relatively strong signals (two doublets and one singlet) were
assigned to the protons of the 1,7-isomer. The dibromides
4 were obtained in a 2:1 molar ratio. We speculated that the
polarity of the peri substituents might have an impact on
the separation of the 1,7- and 1,6-isomers. Pure 1,7-isomer
5a was also difficult to obtain by treatment of the mixture
of 2 with cyclohexylamine (Scheme 1, b, Figure 1, b). For-
tunately, the imidization of 2 with 2-(diethylamino)ethyl-
amine with 2-propanol/H2O as reaction solvent yielded
pure 1,7-isomer 6a by careful chromatography on a silica
gel column with CH2Cl2/MeOH as eluent. N-Dimethylacet-
amide (DMA)/1,4-dioxane could be used instead of 2-prop-
anol/H2O as solvent,[12] but its use led to an inconvenient
purification procedure due to the high boiling point of
DMA. The 1H NMR spectrum of 6a (400 MHz, CDCl3)
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in Figure 1 (c) shows the absence of the 1,6-isomer. The
introduction of diethyl tertiary amine groups at the peri po-
sitions changed the polarity of the 1,6-isomer and improved
the efficiency of the regioisomer separation.

Figure 1. 1H NMR spectra of 4 (a), 5 (b), and 6a (c) in the aromatic
region.

To verify the function of the diethyl tertiary amine
groups in the separation of regioisomerically pure 1,7-di-
bromo-substituted PBIs, 7a was prepared by treating 2 with
2-(dimethylamino)ethylamine. Pure 7a could also be ob-
tained by column chromatography. In fact, the 1,7- (7a) and
1,6-isomers (7b) existed together in the initial product mix-
ture prior to purification, which was also proved by 1H
NMR spectroscopy (see Figure S2 in the Supporting Infor-
mation). Figure 2 (a) shows the signals of protons attrib-
uted to 7a in the aromatic region, and are the same as for
6a (Figure 1, c). In addition, the multiplet signal at around
4.3 ppm (Figure 2, b and c for 6a and 7a, respectively) has
been assigned to the protons neighboring the imide nitrogen
atom. For the 1,7-isomer, the signal was a single mul-
tiplet,[6a] whereas it has been reported that the 1,6-isomer
signal shows two multiplets.[13] This confirms that the com-
pound isolated was the 1,7-isomer.

Figure 2. 1H NMR spectra of 7a (a) in the aromatic region and
6a (b) and 7a (c) in the high-field region.

Typically, 7a was prepared on a 1.9 g scale, and 1.5 g of
the pure 1,7-isomer was obtained. The treatment of 7a with
an excess of KOH in 2-propanol afforded 1,7-dibromo-sub-
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stituted perylene dianhydride 2a in 94% yield (Scheme 2). The
bromine substituents in the bay region were hydrolyzed only
slightly, even though dihydroxyperylene bisimides can be
synthesized by nucleophilic substitution of brominated per-
ylene bisimides.[14] Compound 2a is a valuable and highly
versatile synthon that provides direct access to many per-
ylene derivatives. Compared with the well-established meth-
ods developed for the bromination of perylene dianhydride,
7a could be saponified without the generation of the 1,6-
isomer and 1,6,7-tribromide as an inseparable mixture.
Therefore this reaction is a simple and efficient method for
obtaining isomerically pure 2a. Owing to the low solubility
of 2a, subsequent imidization with n-butylamine was di-
rectly carried out to yield pure 1,7-dibromo-substituted per-
ylene bisimide 4a. The chemical structure was confirmed by
1H NMR spectra (Figure 3, a).

Scheme 2. Synthesis of 1,7-disubstituted perylene bisimides. Rea-
gents and conditions: (a) KOH/2-propanol, 80 °C, 12 h; (b) n-but-
ylamine, acetic acid/NMP, 85 °C, 12 h; (c) n-butanethiol, K2CO3,
CTAB, o-xylene, 80 °C, 12 h; (d) piperidine, 55 °C, 24 h.

Various methods, such as Suzuki and Sonogashira cou-
pling reactions and nucleophilic aromatic substitution reac-
tions, have been reported for attaching functional substitu-
ents to 1,7-dibromo-PBIs such as 4a.[11,15] We demonstrated
that 4a as a synthon could be used for bay-position substi-
tution and the corresponding regioisomerically pure 1,7-
isomers 8 and 9 were synthesized by alkanethiol and piper-
idine coupling, respectively.

Owing to the stronger nucleophilicity of alkylthio groups
compared with alkoxy groups, the reaction between 4a and
n-butanethiol occurred much more easily and gave the bis-
(alkylthio)-substituted PBI 8 as the main product. As dis-
played in Scheme 2, this reaction occurred in a phase-trans-
fer (PT) system with o-xylene as the solvent, potassium
carbonate as the base, and cetyltrimethylammonium brom-
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Figure 3. 1H NMR spectra of 4a (a), 8 (b), and 9 (c).

ide (CTAB) as the PT catalyst. The reaction proceeded
smoothly at 80 °C to aord 8 in 77 % yield. This is compar-
able to the method used to prepare sulfhydryl-substituted
PBIs.[16] Compound 9 has been reported elsewhere.[17] The
reaction of 4a with piperidine proceeded easily under mild
reaction conditions and afforded 9 in 67% yield. Com-
pounds 8 and 9 were readily separated by silica gel column
chromatography.

The 1H NMR spectra in Figure 3 show the typical sig-
nals of compounds 4a, 8, and 9. In the aromatic area, sepa-
rate signals (one doublet, one singlet, and one doublet in
sequence) reveal the specific symmetry of the 1,7-iso-
mers.[6a,18] The high-field shift, from 8.86 to 8.79 ppm for 8
and 8.86 to 8.46 ppm for 9, respectively, has been attributed
to the greater nucleophilicity of the bay-position substitu-
ents. In addition, the single multiplet signal at around
4.2 ppm has been assigned to the protons neighboring the
imide nitrogen atom in the pure 1,7-isomers, as mentioned
above, thereby confirming the isolation of regioisomerically
pure 1,7-isomers.

Steady-State Absorption and Fluorescence

3,4,9,10-Perylenetetracarboxylic dianhydride (1) pos-
sesses a very narrow absorption band and is insoluble in
most organic solvents. Compared with modification of the
peri position, introduction of functional groups into the bay
region of PBIs is more attractive as it not only modifies
the electronic and optical properties, but also improves the
solubility.[19] Substitution in the bay region always leads to
a broadening of the absorption range of PBIs and helps
to capture more photons for optical devices, and greater
solubility improves its processability.[20] Recently, it has
been shown that 1,7- and 1,6-bis(substituted) PBIs could
display very different optical and electrochemical properties
depending upon the electronic nature of the substitu-
ents.[6b,8a] Therefore it is worth noting that the pure 1,7-
isomers obtained in this work are significant synthons for
studying the relationship between the molecular structures
and optical properties of PBIs.

www.eurjoc.org © 0000 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 0000, 0–04

The ground-state absorption spectra of compounds 4, 5,
6a, and 7a in CH2Cl2 are presented in Figure 4. In compari-
son with unsubstituted PBI,[21] the absorption spectra show
a slight bathochromic shift. The absorption spectra of all
these PBIs are dominated by characteristic π–π* transitions
and are similar for 4, 5, 6a, and 7a. The absorption bands
attributed to the S0�S1 electronic transition appear at
around 530 nm in CH2Cl2 and the characteristic absorption
in the range 375–450 nm belongs to the S0�S2 electronic
transition.[22] In addition, the spectra in Figure 4 show that
substituents in the peri position have no influence on the
maximum absorption wavelength of dibromo-substituted
PBIs.

Figure 4. Ground-state absorption spectra of 4, 5, 6a, and 7a in
CH2Cl2 (concentration: 10–5 μm).

In comparison with the dibromo-substituted PBIs, the
absorption spectra of 8 and 9 show a significant batho-
chromic shift along with considerable band broadening
(Figure 5). These results have been attributed to the pro-
nounced electronic interaction between the PBI core and
nucleophilic groups.[6a] In contrast, the negative inductive
effect of bay-position substituents results in small redshift
in their absorption spectra compared with other PBI deriva-
tives.[13] Figure 5 (a) shows the redshift of the main absorp-
tion and emission wavelengths of 8 due to the incorporation
of two electron-donating alkylthio groups. The ground-state
absorption and fluorescence spectra of 9 (Figure 5, b) are
the same as those reported in the literature.[17] It is also
interesting to note that 8 and 9 show broad absorption
spectra covering almost the whole visible spectrum with un-
usual dual absorption bands, with one peak at 430 nm and
the other at 575 nm for 8, and one peak at 430 nm and the
other at 680 nm for 9. The first peak can be attributed to

Figure 5. Steady-state absorption and emission spectra of 8 (a) and
9 (b) in CH2Cl2 (concentration: 10–5 μm).
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charge-transfer electronic transitions from the electron-rich
S–C and N–C units to the electron-deficient perylene core,
whereas the second peak is usually a result of a π–π* transi-
tion. The above results underline the importance and value
of 4a as a synthon for the synthesis of pure 1,7-dibromoper-
ylene bisimides.

Conclusions

The 1,7-regioisomer of dibromoperylene bisimides were
obtained in regioisomerically pure form by a highly efficient
and scalable synthesis starting from dibromoperylene-
3,4,9,10-tetracarboxylic acid dianhydride and 2-(dieth-
ylamino)- or 2-(dimethylamino)ethylamine. These re-
gioisomerically pure intermediates were successfully iso-
lated from a regioisomeric mixture by using conventional
silica gel column chromatography and characterized by 1H
NMR spectroscopy and HRMS. This method of separation
of the regioisomers is a useful alternative as it does not
involve prolonged repetitive recrystallization. The 1,7-di-
bromo isomer obtained with 2-(dimethylamino)ethylamine
is of special interest as it provides access to symmetrical
and unsymmetrical perylene bisimide derivatives by substi-
tution of the 1,7-bromine atoms in the bay region. The pure
1,7-isomer was unambiguously identified by 1H NMR spec-
troscopy by observing the chemical shifts of the four meth-
ylene protons next to the imide nitrogens in the peri posi-
tions and by the chemical shifts of the perylene core pro-
tons. All the synthesized PBI derivatives have been studied
by optical spectroscopy, which showed broad absorption in
the visible spectrum for the alkylthio and piperidinyl groups
in the bay region. These findings could be useful for the
conversion of solar energy into electricity.

Experimental Section
Materials and Characterization: 3,4,9,10-Perylenetetracarboxylic
dianhydride, 2-(diethylamino)ethylamine, 2-(dimethylamino)ethyl-
amine, and piperidine were purchased from Energy Chemical
(China). N-Methylpyrrolidone (NMP), n-butylamine, n-butane-
thiol, and other chemicals were obtained from Sinopharm Chemi-
cal Reagent Co., Ltd. (China). All reagents and solvents were of
analytical or chemical grade and were purified by using standard
methods. 1H NMR spectra were recorded with a Bruker DPX 300
spectrometer (400 MHz) using SiMe4 as reference. Mass spectra
were recorded with a Bruker BIFLEX III mass spectrometer using
α-cyano-4-hydroxycinnamic acid as the matrix. Stock solutions of
the PBIs (10–3 m) were prepared in CH2Cl2. UV/Vis absorption
spectra were recorded with a Shimadzu UV-2550 PC spectropho-
tometer. Fluorescence spectra were obtained with a Shimadzu RF-
5301PC spectrofluorimeter.

Synthesis of Dibromoperylene-3,4,9,10-tetracarboxylic Dianhydride
(2): 3,4,9,10-Perylenetetracarboxylic dianhydride (5.70 g, 14.5 mmol)
was added to concentrated sulfuric acid (80 mL) and the mixture
stirred at 55 °C for 24 h. Iodine (137 mg, 0.54 mmol) was added to
the reaction mixture and stirred for an additional 5 h at 55 °C.
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Bromine (1.6 mL, 32 mmol) was added dropwise to the reaction
flask over 30 min and then stirred for 24 h at 85 °C. After cooling
to room temperature, the excess bromine was eliminated by bub-
bling air into the reaction mixture. The reaction product was pre-
cipitated by slow addition of ice–water (40 mL). After filtration and
washing with water until the mixture was pH neutral, the solid was
dried at 120 °C in vacuo. The crude product (2 and 3, 10 g, 89 %,
containing 1,7-dibromoperylene-3,4,9,10-tetracarboxylic dian-
hydride, 1,6-dibromoperylene-3,4,9,10-tetracarboxylic dianhydride,
and 1,6,12-tribromoperylene-3,4,9,10-tetracarboxylic dianhydride)
could not be purified owing to its insolubility in organic solvents.

Dibromo-N,N�-dibutyl-3,4,9,10-perylenetetracarboxylic Diimides
(4): A suspension of 2 (850 mg, 1.55 mmol) obtained from the
above reaction, n-butylamine (0.50 mL, 5.1 mmol), and acetic acid
(500 mg, 8.33 mmol) in N-methyl-2-pyrrolidinone (NMP; 15 mL)
was stirred at 85 °C under N2 for 12 h. After cooling the mixture
to room temperature, it was poured into aqueous HCl (10 vol.-%,
100 mL) and the precipitate was separated by suction filtration,
washed with deionized water until pH 7, washed with MeOH
(100 mL), and dried under vacuum. The crude product was purified
by silica gel column chromatography (200–300 mesh, 40 cm long
and 4 cm diameter) with CH2Cl2/petroleum ether (3:1, v/v, Rf =
0.37) as eluent. The orange band was collected and 4 was obtained
after evaporation of the solvent as a brown powder (0.64 g, 56%).
The regioisomeric 1,7- and 1,6-dibromoperylene bisimides could
not be separated by column chromatography. 1H NMR (400 MHz,
CDCl3): δ = 9.51 (m, 2 H), 8.94 (d, 2 H), 8.72 (m, 2 H), 4.26–4.19
(m, 4 H), 1.79–1.70 (m, 4 H), 1.50–1.43 (m, 4 H), 1.00 (t, 6 H) ppm.
HRMS: calcd. for C32H25Br2N2O4 [M + H]+ 661.0082; found
661.0153.

Dibromo-N,N�-dicyclohexyl-3,4,9,10-perylenetetracarboxylic Di-
imides (5): Compound 2 (850 mg, 1.55 mmol), cyclohexylamine
(0.58 mL, 5.0 mmol), and acetic acid (500 mg, 8.33 mmol) in N-
methyl-2-pyrrolidinone (NMP; 20 mL) were stirred at 85 °C under
N2 for 12 h. After cooling the mixture to room temperature and
pouring into aqueous HCl (10 vol.-%, 100 mL), the precipitate was
separated by suction filtration, washed with deionized water until
pH 7, washed with MeOH (100 mL), and dried under vacuum. The
crude product was purified by silica gel column chromatography
(200–300 mesh, 40 cm long and 4 cm diameter) with CHCl3/n-hex-
ane (4:1, v/v, Rf = 0.61) as eluent and 5 was obtained after evapora-
tion of the solvent as a red powder (0.72 g, 65%). The regioisomeric
1,7- and 1,6-dibromoperylene bisimides could not be separated by
column chromatography. 1H NMR (400 MHz, CDCl3): δ = 9.48
(m, 2 H), 8.88 (s, 2 H), 8.67 (m, 2 H), 4.99–5.02 (m, 2 H), 2.51–
2.59 (m, 4 H), 1.96–1.87 (m, 4 H), 1.77–1.74 (m, 6 H), 1.36–1.52
(m, 6 H) ppm. HRMS: calcd. for C36H29Br2N2O4 [M + H]+

713.0395; found 713.9841.

1,7-Dibromo-N,N�-Bis[2-(diethylamino)ethyl]-3,4,9,10-perylene-
tetracarboxylic Diimide (6a): Compound 2 (950 mg, 1.73 mmol), 2-
(diethylamino)ethylamine (0.70 mL, 5.0 mmol), and acetic acid
(500 mg, 8.33 mmol) in H2O/2-propanol (1:1, v/v, 20 mL) were
stirred at 80 °C under N2 for 24 h. The mixture was cooled to room
temperature. After evaporation of the solvent, CH2Cl2 (80 mL) was
added. Insoluble solid was removed by filtration and then the fil-
trate was concentrated to 20–30 mL. The crude product was puri-
fied by silica gel column chromatography (200–300 mesh, 30 cm
long and 4 cm diameter) with CH2Cl2/MeOH (10:1, v/v, Rf = 0.40)
as eluent and 6a was obtained after evaporation of the solvent as
a red powder (0.79 g, 61%). 1H NMR (400 MHz, CDCl3): δ = 9.38
(d, 2 H), 8.82 (s, 2 H), 8.60 (d, 2 H), 4.31 (t, 4 H), 2.87 (s, 4 H),
2.73 (s, 8 H), 1.09 (s, 12 H) ppm. HRMS: calcd. for C36H35Br2N2O4

[M + H]+ 747.0926; found 747.0991.
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1,7-Dibromo-N,N�-Bis[2-(dimethylamino)ethyl]-3,4,9,10-perylene-
tetracarboxylic Diimides (7a): Compound 2 (950 mg, 1.73 mmol),
2-(dimethylamino)ethylamine (0.50 mL, 5.3 mmol), and acetic acid
(500 mg, 8.33 mmol) in H2O/2-propanol (2:1, v/v, 20 mL) were
stirred at 80 °C under N2 for 18 h. After cooling the mixture to
room temperature and evaporation of the solvent, CH2Cl2 (60 mL)
was added. The brownish red solution was washed with a saturated
aqueous NaCl solution (30 mL � 3) and water (30 mL � 3) and
then dried with anhydrous sodium sulfate. The crude product was
purified by silica gel column chromatography (200–300 mesh,
30 cm long and 4 cm diameter) with CH2Cl2/MeOH (10:1, v/v, Rf

= 0.37) as eluent and 7a was obtained after evaporation of the
solvent as a red powder (0.72 g, 60 %). 1H NMR (400 MHz,
CDCl3): δ = 9.37 (d, 2 H), 8.82 (s, 2 H), 8.60 (d, 2 H), 4.32 (t, 4
H), 2.70 (t , 4 H) , 2 .35 (s, 12 H) ppm. HRMS: calcd. for
C32H27Br2N2O4 [M + H]+ 691.0300; found 961.0356.

1,7-Dibromoperylene-3,4,9,10-tetracarboxylic Dianhydride (2a):
KOH (4.0 g, 70 mmol) was dissolved in 2-propanol (80 mL) at
60 °C. After cooling the solution to room temperature, 7a (0.60 g,
0.87 mmol) was added under N2 and then the mixture was stirred
at 80 °C for 12 h. The obtained solution changed from brownish
red to green after cooling to room temperature. Acetic acid
(100 mL) was poured slowly into the above solution and stirred at
room temperature for 8 h. The red precipitate was separated by
centrifugation (4000 rpm, 3 min), washed with n-hexane, and then
dried under vacuum. The red solid was finally dissolved in concen-
trated sulfuric acid (20 mL) and then dipped carefully into H2O
(100 mL) at 0 °C. After separation by centrifugation (4000 rpm,
3 min), the solid was washed with H2O and then dried under vac-
uum to give 2a (0.45 g, 94%), which could not be purified owing
to its insolubility in organic solvents.

1,7-Dibromo-N,N�-dibutyl-3,4,9,10-perylenetetracarboxylic Di-
imides (4a): A suspension of 2a (0.17 g, 0.31 mmol) obtained from
the above reaction, n-butylamine (0.10 mL, 1.0 mmol), and acetic
acid (100 mg, 1.67 mmol) in N-methyl-2-pyrrolidinone (NMP;
5 mL) was stirred at 85 °C under N2 for 12 h. After purification
following the same method as that used for the synthesis of 4, 4a
was obtained as a brown powder (0.18 g, 88 %). 1H NMR
(400 MHz, CDCl3): δ = 9.42 (d, 2 H), 8.86 (s, 2 H), 8.64 (d, 2 H),
4.18–4.12 (t, 4 H), 1.72–1.64 (m, 4 H), 1.40 (m, 4 H), 0.93 (t, 6
H) ppm.

1,7-Bis(n-butylthio)-N,N�-dibutyl-3,4,9,10-perylenetetracarboxylic
Diimides (8): A mixture of 4a (132 g, 0.2 mmol), o-xylene (5 mL),
anhydrous potassium carbonate (304 mg, 2.2 mmol), CTAB (7 mg,
0.02 mmol), and n-butanethiol (0.17 mL, 1.6 mmol) was heated to
80 °C under N2. The reaction mixture was kept at this temperature
for about 12 h and then the solvents were evaporated under reduced
pressure. The residue was purified by column chromatography on
silica gel (200–300 mesh, 30 cm long and 4 cm diameter) with
CH2Cl2/n-hexane (10:1, v/v, Rf = 0.37) as eluent. The red fraction
was collected and after evaporation of the solvent, 8 was collected
as an dark purple powder (52.5 mg, 77%). 1H NMR (400 MHz,
CDCl3): δ = 8.86 (d, 2 H), 8.79 (s, 2 H), 8.69 (d, 2 H), 4.27–4.22
(t, 4 H), 3.22 (m, 4 H), 1.77 (m, 4 H), 1.71–1.64 (m, 4 H), 1.48 (m,
8 H), 1.01 (t, 6 H), 0.91 (t, 6 H) ppm. HRMS: calcd. for
C40H43N2O4S2 [M + H]+ 679.2586; found 679.2659.

1,7-Dipiperidinyl-N,N�-dibutyl-3,4,9,10-perylenetetracarboxylic Di-
imides (9): A mixture of 4a (99 mg, 0.15 mmol) and piperidine
(5.9 mL, 60 mmol) was heated to 55 °C under N2. The reaction
mixture was kept at this temperature for about 24 h and then the
solvents were evaporated under reduced pressure. The residue was
purified by column chromatography on silica gel (200–300 mesh,

www.eurjoc.org © 0000 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 0000, 0–06

30 cm long and 4 cm diameter) with CHCl3/petroleum ether (40:1,
v/v, Rf = 0.48) as eluent. The green fraction was collected and after
evaporation of the solvent, 9 was collected as a green powder
(67.0 mg, 67%). 1H NMR (400 MHz, CDCl3): δ = 9.60 (d, 2 H),
8.45–8.41 (m, 4 H), 4.24–4.19 (t, 4 H), 3.49 (m, 4 H), 2.97–2.86 (m,
4 H), 1.81–1.70 (m, 16 H), 1.48 (m, 4 H), 1.00 (t, 6 H) ppm. Good
agreement was found with the literature.[17]
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ides have been isolated from regioisomeric
mixtures by column chromatography in Regioisomerically Pure 1,7-Dibromo-Sub-
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