
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

1 
A

pr
il 

20
18

. D
ow

nl
oa

de
d 

on
 7

/2
3/

20
25

 2
:3

5:
11

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
A julolidine-fuse
Chart 1 The structure of julolidine,

School of Chemistry, Sun Yat-Sen University

China. E-mail: wangjb5@mail.sysu.edu.cn

† Electronic supplementary information (
and crystallographic data in CIF or
10.1039/c8ra02205d

Cite this: RSC Adv., 2018, 8, 13588

Received 13th March 2018
Accepted 3rd April 2018

DOI: 10.1039/c8ra02205d

rsc.li/rsc-advances

13588 | RSC Adv., 2018, 8, 13588–1359
d anthracene derivative: synthesis,
photophysical properties, and oxidative
dimerization†

Zeming Xia, Xiaoyu Guo, Yanpeng Zhu, Yonggen Wang and Jiaobing Wang*

We describe the synthesis and characterization of a julolidine-fused anthracene derivative J-A, which

exhibits a maximum absorption of 450 nm and a maximum emission of 518 nm. The fluorescent

quantum yield was determined to be 0.55 in toluene. J-A dimerizes in solution via oxidative coupling.

Structure of the dimer was characterized using single crystal X-ray diffraction.
Julolidine1 is a popular structural subunit in various uorescent
dyes (Chart 1).2 The restricted motion and strong electron-
donating capability of the fused julolidine moiety are quite
effective for improving the photophysical properties. For
instance, julolidine-fused uorophores normally display desir-
able photophysical characteristics, such as high quantum yield,
red-shied absorption and emission, and good photostability.
Recently, julolidine derivatives have been widely exploited in
various applications such as sensing,3 imaging,4 and nonlinear
optical materials.5 Several julolidine dyes have been used in dye-
sensitized solar cells due to their large p-conjugated system and
the promising electron donating property.6

In this paper, we report a julolidine-fused anthracene
derivative J-A, which exhibits attractive photophysical proper-
ties not observed in DAA, a dimethyl-amino substituted
analogue. Both the absorption and emission of J-A show
a dramatic red-shi (ca. 74 and 131 nm, respectively), compared
with the unmodied anthracene (Fig. 2). The uorescence
quantum yield of J-A was determined to be 0.55 in toluene,
while the emission of DAA was completely quenched. The
observed spectral properties were rationalized by DFT
J-A and DAA.
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calculations. In addition, we found that J-A was stable in the
solid state, but reactive in solution. J-A dimer was formed
through oxidative coupling at the para-position of the N-atom in
a dichloromethane solution under air atmosphere. The struc-
ture of the dimerized product was characterized using single
crystal X-ray diffraction, which unambiguously reveals the
structural feature of the julolidine-fused anthracene
compound. Preparation of J-A is shown in Scheme 1. Detailed
synthesis and characterizations are provided in the ESI.†

1H-NMR signals of J-A shi to the high-eld signicantly,
compared with DAA (Fig. 1), which indicates that the fused
structure of J-A facilitates electron delocalization from the
nitrogen atom to the anthracene moiety, and thus resulting in
a stronger shielding effect. In the case ofDAA, however, electron
delocalization from the dimethyl amino group to the anthra-
cene core is essentially inhibited due to steric hindrance, which
will explain the fact that it displays a spectral feature similar to
that of the unmodied anthracene.

Fusing with julolidine will exert signicant effects on the
photophysical properties of anthracene. The absorption and
uorescence spectra of J-A, DAA, and anthracene are shown in
Fig. 2. The maximum absorption of J-A is 450 nm, which
displays a red-shi of about 70 nm compared with the
unmodied anthracene. J-A emits green light (maxlem ¼ 518 nm,
F ¼ 0.55), while anthracene emits blue light (maxlem ¼ 380 nm,
Scheme 1 Synthetic route of J-A.
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Fig. 1 Comparison of the 1H-NMR spectrum between J-A and DAA in
CDCl3. Partial resonance signals in aromatic region are shown. Fig. 3 Molecular orbitals of J-A and DAA calculated at the B3LYP/6-

31G(d) level of theory (iso value ¼ 0.02). Orbital energies were given in
parentheses. Excitation energies were computed by TD-DFT at the
same level. Values in parentheses represent the oscillator strengths (f).
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F ¼ 0.22). In contrast, the absorption of DAA essentially over-
laps with that of anthracene, with only a minor red shi of ca.
10 nm, but its uorescence is quenched signicantly (Fig. 2).
This spectral feature indicates that the dimethyl amino group is
electronically separated from the anthracene moiety in the
ground state, a result in good accordance with the 1H-NMR data
shown above. The quenched uorescence of DAA may result
from the photo-induced electron transfer7 from the lone pair of
the nitrogen atom to the anthracene moiety in the excited state.

The observed photophysical properties of J-A were repro-
duced by DFT calculations. The HOMO and LUMO orbitals are
evenly distributed over the anthracene moiety and the N-atom
in the julolidine, indicating the existence of a conjugated
structure. The HOMO–LUMO transition (f ¼ 0.10) corresponds
Fig. 2 (A) Absorption spectra of J-A, AN, and DAA (1 � 10�4 mol L�1 in
dichloromethane); (B) emission spectra of J-A, AN, and DAA (1 �
10�5 mol L�1 in dichloromethane). Excitation wavelength: 350 nm.
1 cm cuvette was used in both of the experiments. Inset: visualized
fluorescence in solution was shown.

This journal is © The Royal Society of Chemistry 2018
to the absorption band at 450 nm. The sharper absorption at
390 nm can be assigned to the HOMO to LUMO + 1 transition.
In contrast, the HOMO and LUMO orbitals of DAA resemble
those of anthracene, because the dimethyl-amino group is
orthogonal to the conjugated p-system (Fig. 3).

J-A is stable in the solid state, but reactive in solution. The cyclic
voltammetry (CV) diagram of J-A shows an irreversible oxidation
potential at 0.007 V (vs. Fc/Fc+), indicating that J-A is easy to be
oxidized (Fig. S3†). Single crystals suitable for X-ray diffraction
study were obtained by slow evaporation of a dichloromethane
solution of J-A under air atmosphere. To our surprise, instead of J-
A, X-ray data discloses the formation of a dimeric product (Scheme
2) of J-A. We hypothesized that the dimeric compound 5 formed
via oxidative coupling reaction, a mechanism well-documented for
the dimerization of the dimethylaniline compounds.8 The 1H-NMR
spectrum of 5 is distinct from that of J-A. All protons of the
anthracene part (b0–d0) appear as a group of multiplet resonance
signals (6.93–7.04 ppm) (Scheme 2). In addition, mass spectro-
metric analysis indicates that two hydrogen atoms were removed
aer the dimerization of J-A. Compound 5 exhibits a maximum
absorption at 460 nm and a very weak emission (maxlem¼ 530 nm,
F ¼ 0.03, Fig. S1†). Two quasi-reversible oxidation waves were
identied in the CV diagram of 5 at �0.010 V and 0.135 V (vs. Fc/
Fc+), respectively (Fig. S5†).

X-ray structure of 5 is shown in Fig. 4. The two connected
anthracene planes are found to be orthogonal to each other with
a dihedral angle of 90.17�, as a result of steric repulsion.
Specically, the bond length of N–C3 is 1.389 Å, which is similar
to those of the other reported julolidine compounds (1.359–
1.393 Å), while signicantly shorter than that of the dimethyl-
amino anthracene (1.433 Å).9 This result testies the presence
Scheme 2 Oxidative dimerization of J-A. Inset: partial 1H-NMR of 5 is
shown.
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Fig. 4 (A) Single crystal X-ray structure of 5. (B) View along a-axis.
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of electron delocalization between the fused julolidine nitrogen
and the anthracene p-plane, which is in good agreement with
the DFT calculations (Fig. 3). However, the two anthracene p-
planes connected by the single bond (C4–C5, 1.489 Å) might not
exhibit electron delocalization because of the orthogonal
conformation. The fused julolidine ring-i and -ii are symmetric
to each other, and both of them adopt an “envelope” confor-
mation. The fused julolidine is nonplanar (bond angle, C3–N–
C2, 115.73�, C3–N–C1, 115.92�, C1–N–C2, 113.81�). 5 is closely
packed in the crystal (Fig. 4B), and no intercalated solvent
molecules were observed. The closest distance between two
adjacent anthracene planes is 3.922 Å, indicating a weak p–p

stacking. Detailed crystal data are summarized in Table S5.†
In summary, we report the synthesis and characterizations of

a julolidine-fused anthracene derivative J-A, which demon-
strates signicantly red-shied absorption (maxlab ¼ 450 nm)
and emission (maxlem ¼ 518 nm, F ¼ 0.55), compared with the
unmodied anthracene. The photophysical properties of J-A
also contrast dramatically with a dimethyl-amino analogue
DAA, which were rationalized by DFT calculations. In addition,
J-A could be transformed into 5, a dimeric product, whose single
crystal X-ray structure unambiguously conrmed the structural
feature of the julolidine-fused anthracene.
Conflicts of interest

There are no conicts to declare.
Acknowledgements

This reserch was supported by the National Natural Science
Foundation of China (Grant No. 21372264)
13590 | RSC Adv., 2018, 8, 13588–13591
Notes and references

1 A. Hassner, D. Birnbaum and L. M. Loew, J. Org. Chem., 1984,
49, 2546–2551.

2 (a) Y. W. Choi, J. J. Lee, G. R. You, S. Y. Lee and C. Kim, RSC
Adv., 2015, 5, 86463–86472; (b) J. Vangompel and
G. B. Schuster, J. Org. Chem., 1987, 52, 1465–1468; (c)
M. D. Zammit, T. P. Davis and G. D. Willett,
Macromolecules, 1997, 30, 5655–5659; (d) Y. Prostota,
J. Berthet, S. Delbaere and P. J. Coelho, Dyes Pigm., 2013,
96, 569–573; (e) A. Nano, M. P. Gullo, B. Ventura,
N. Armaroli, A. Barbieri and R. Ziessel, Chem. Commun.,
2015, 51, 3351–3354.

3 (a) G. Martini, E. Martinelli, G. Ruggeri, G. Galli and A. Pucci,
Dyes Pigm., 2015, 113, 47–54; (b) R. Kalel, A. K. Mora,
R. Ghosh, D. D. Dhavale, D. K. Palit and S. Nath, J. Phys.
Chem. B, 2016, 120, 9843–9853; (c) T. Enoki, K. Matsuo,
J. Ohshita and Y. Ooyama, Phys. Chem. Chem. Phys., 2017,
19, 3565–3574; (d) H. Y. Jeong, S. Y. Lee and C. Kim, J.
Fluoresc., 2017, 27, 1457–1466.

4 (a) L. Yuan, W. Lin, J. Song and Y. Yang, Chem. Commun.,
2011, 47, 12691–12693; (b) M. Collot, C. Loukou,
A. V. Yakovlev, C. D. Wilms, D. Li, A. Evrard, A. Zamaleeva,
L. Bourdieu, J. F. Leger, N. Ropert, J. Eilers, M. Oheim,
A. Feltz and J. M. Mallet, J. Am. Chem. Soc., 2012, 134,
14923–14931; (c) E. A. Halabi, Z. Thiel, N. Trapp, D. Pinotsi
and P. Rivera-Fuentes, J. Am. Chem. Soc., 2017, 139, 13200–
13207; (d) L. Wei, Z. Chen, L. Shi, R. Long, A. V. Anzalone,
L. Zhang, F. Hu, R. Yuste, V. W. Cornish and W. Min,
Nature, 2017, 544, 465–470.

5 (a) S. R. Marder, L. T. Cheng, B. G. Tiemann, A. C. Friedli,
M. Blanchard-Desce, J. W. Perry and J. Skindhoj, Science,
1994, 263, 511–514; (b) Z. E. Dance, M. J. Ahrens,
A. M. Vega, A. B. Ricks, D. W. McCamant, M. A. Ratner and
M. R. Wasielewski, J. Am. Chem. Soc., 2008, 130, 830–832; (c)
H. K. Ju, J. S. Lim, C. Lee, D. H. Choi and D. W. Kim, Mol.
Cryst. Liq. Cryst., 2008, 491, 152–163; (d) Y. Yang, F. Liu,
H. Wang, M. Zhang, H. Xu, S. Bo, J. Liu, L. Qiu, Z. Zhen
and X. Liu, Phys. Chem. Chem. Phys., 2014, 16, 20209–20215;
(e) F. Liu, H. Xu, H. Zhang, L. Chen, J. Liu, S. Bo, Z. Zhen,
X. Liu and L. Qiu, Dyes Pigm., 2016, 134, 358–367.

6 (a) G. Wu, F. Kong, J. Li, W. Chen, C. Zhang, Q. Chen,
X. Zhang and S. Dai, Synth. Met., 2013, 180, 9–15; (b) G. Wu,
F. Kong, J. Li, X. Fang, Y. Li, S. Dai, Q. Chen and X. Zhang,
J. Power Sources, 2013, 243, 131–137; (c) L. Q. Bao, N. T. Hai,
C. H. Lee, S. Thogiti and J. H. Kim, J. Nanosci. Nanotechnol.,
2015, 15, 8813–8819.

7 A. P. de Silva, H. Q. Gunaratne, T. Gunnlaugsson, A. J. Huxley,
C. P. McCoy, J. T. Rademacher and T. E. Rice, Chem. Rev.,
1997, 97, 1515–1566.

8 (a) T. Mizoguchi and R. N. Adams, J. Am. Chem. Soc., 1962, 84,
2058–2061; (b) H. Yang, D. O. Wipf and A. J. Bard, J.
Electroanal. Chem., 1992, 331, 913–924; (c) O. Ivashenko,
J. T. van Herpt, P. Rudolf, B. L. Feringa and W. R. Browne,
Chem. Commun., 2013, 49, 6737–6739; (d) L. Kortekaas,
O. Ivashenko, J. T. van Herpt and W. R. Browne, J. Am.
This journal is © The Royal Society of Chemistry 2018

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c8ra02205d


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

1 
A

pr
il 

20
18

. D
ow

nl
oa

de
d 

on
 7

/2
3/

20
25

 2
:3

5:
11

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
Chem. Soc., 2016, 138, 1301–1312; (e) D. Mendive-Tapia,
L. Kortekaas, J. D. Steen, A. Perrier, B. Lasorne,
W. R. Browne and D. Jacquemin, Phys. Chem. Chem. Phys.,
2016, 18, 31244–31253.

9 (a) B. J. Coe, S. P. Foxon, E. C. Harper, J. A. Harris,
M. Helliwell, J. Raery, I. Asselberghs, K. Clays, E. Franz,
This journal is © The Royal Society of Chemistry 2018
B. S. Brunschwig and A. G. Fitch, Dyes Pigm., 2009, 82, 171–
186; (b) S. Sasaki, S. Suzuki, W. M. Sameera, K. Igawa,
K. Morokuma and G. Konishi, J. Am. Chem. Soc., 2016, 138,
8194–8206.
RSC Adv., 2018, 8, 13588–13591 | 13591

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c8ra02205d

	A julolidine-fused anthracene derivative: synthesis, photophysical properties, and oxidative dimerizationElectronic supplementary information (ESI)...
	A julolidine-fused anthracene derivative: synthesis, photophysical properties, and oxidative dimerizationElectronic supplementary information (ESI)...
	A julolidine-fused anthracene derivative: synthesis, photophysical properties, and oxidative dimerizationElectronic supplementary information (ESI)...


