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Two new rhodamine dyes (Rh Q-H, Rh Q-Me) containing 1, 4-diethyl-1, 2, 3, 4-tetrahydroquinoxaline as
an effective electron donor are designed and synthesized. The structures of the novel compounds
are confirmed by 1H NMR, 13C NMR and ESI. Due to an excited-state intramolecular charge transfer
(ICT), the new dyes exhibit longer absorption (>580 nm) and emission (>640 nm) compared with the
model compounds, rhodamine 101 and rhodamine 6G. The new rhodamine dyes show large Stokes shift
of 40e50 nm in commonly used solvents. Notably, when measured in a mixture of H2O/EtOH solution,
significant stokes shift of 65e68 nm are achieved, which is among the largest Stokes shifts ever reported
for rhodamine dyes.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Rhodamine dyes are widely used as laser dyes [1], fluorescence
standards [2], single-molecule imaging agents [3], fluorescent
markers in biological studies [4,5] and chemosensors [6,7] due to
their excellent photophysical properties, such as long absorption
and emission wavelength, high fluorescence quantum yield, large
extinction coefficient and high photostability. The absorption and
emission of the classic rhodamine dyes are only in the range of
500e600 nm and have a small Stokes shift of 20e40 nm. Their
fluorescence detection sensitivity is severely compromised by
background signals caused by biological autofluorescence. This
limitation renders their application for biological imaging in living
systems. Thus, it is highly desirable to develop rhodamine ana-
logues with absorption and emission beyond 600 nm. It is known
that the addition of p-conjugation system, as well as the formation
of rigid rings in organic dyes can shift their absorption and emission
maxima to longer wavelength. Based on this hypothesis, some
groups have reported a novel class of highly fluorescent rhodamine
derivatives with absorption beyond 600 nm [8,9]. In another
important respect, the substituents on the amino group profoundly
affect the absorption and emission wavelength of the traditional
rhodamine dyes. Rhodamine with strong electron-donating amino
group has pronounced bathochromic shift of absorption and
emission bands, the emission wavelengths of these classic dyes are
.
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in the order of rhodamine 101 > rhodamine B > rhodamines 6G.
Besides, the absorption and emission bands are considerably shif-
ted to the red if tetrafluorophthalic anhydride is used for rhoda-
mine synthesis instead of phthalic anhydride [10]. Moreover,
amidation [11] and esterification [12] of benzoic acid in rhodamine
dyes also result in a red shift in the absorption and emission bands.
Unfortunately, these typical chemical modifications of the rhoda-
mine dyes which lead to red-shifted absorption and emission are
not helpful in increasing the Stokes shift. Design and synthesis of
new rhodamine dyes simultaneously with long emission and large
Stokes shift is a challenging issue.

1, 4-Diethyl-1, 2, 3, 4-tetrahydroquinoxaline has been reported
as an effective electron donor in styryl [13], coumarin [14] and
squaraine dyes [15], which surprisingly shifts their absorption and
emission to longer wavelength and greatly increases their thermal
stability and Stokes shift. In this work, we present the synthesis
of two new rhodamine dyes based on 1, 4-diethyl-1, 2, 3, 4-
tetrahydroquinoxaline. Their UVevis absorption and fluorescence
emission spectroscopic behavior in different solvents have been
investigated. Compared with the traditional rhodamine dyes, these
new dyes exhibit unique properties.

2. Experimental

2.1. Chemicals and instruments

4-Methoxy-2-nitroaniline was purchased from Aladdin. The
other chemicals were of the highest grade available and were used
ion of new rhodamine dyes with large Stokes shift, Dyes and Pigments
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without further purification. All employed solvents were analyti-
cally pure and were employed without any further drying or
purification.

Reactions were monitored by TLC. Flash chromatography sepa-
rations were carried out using silica gel (200e300 mesh). 1H NMR
and 13C NMR spectra were recorded on Brucker AM-400 MHz in-
struments with tetramethylsilane as internal standard. ESI was
performed using a Waters LCT Premier XE spectrometer. Absorp-
tion spectra were carried out on an SHIMADZU UVeVis spectro-
photometer. Fluorescence spectraweremeasured on an SHIMADZU
RF-5301PC Fluorescence spectrophotometer.

2.2. Synthesis

The synthesis of target compounds, Rh Q-H and Rh Q-Me were
achieved by the route outlined in Scheme 1.

2.2.1. Synthesis of 6-methoxyquinoxaline (3)
4-Methoxy-2-nitroaniline 1 (6.70 g, 25 mmol) and Raney Nickel

(1.00 g) in methanol (140 mL) were mixed and heated to 60 �C.
After that, hydrazinehydrate (85%, 8.00 mL) was added dropwise
into the solution within 30 min. The reaction mixture was then
stirred at 60 �C for 2 h. After cooling, the reaction mass was filtered
to separate the catalyst and then the filtrate concentrated with a
rotavapor to get 4-Methoxy-1, 2-phenylenediamine 2. Compound 2
dissolved in acetonitrile (100 mL) and glyoxal (40%, 13.00 mL) was
added to this solution. The reaction mixture was then stirred at
60 �C for 6 h and cooled. The solvent was removed in a rotary
evaporator and the dark brown sticky solid obtained was purified
by silica gel chromatography (EtOAc) to get white crystals (5.40 g,
85%), m.p. 59e61 �C.

2.2.2. Synthesis of 1, 4-diethyl-6-methoxy-1, 2, 3, 4-
tetrahydroquinoxaline (4)

1, 4-diethyl-6-methoxy-1, 2, 3, 4-tetrahydroquinoxaline 4 was
synthesized according to reported method [16].
Scheme 1. Synthetic route fo
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2.2.3. Synthesis of 1, 4-diethyl-6-hydroxy-1, 2, 3, 4-
tetrahydroquinoxalin (5)

1, 4-diethyl-6-methoxy-1, 2, 3, 4-tetrahydroquinoxaline 4
(2.20 g, 0.01 mol), acetic acid (10 mL), hydrobromic acid (45%,
5 mL) were mixed, and then the ensuing mixture was stirred
under an inert atmosphere at reflux for 6 h. The solvent was
evaporated under reduced pressure. The crude product was un-
stable and directly used for the next step without further
purification.

2.2.4. Synthesis of Rh Q-H
1, 4-diethyl-6-hydroxy-1, 2, 3, 4-tetrahydroquinoxalin 5 (1.03 g,

5 mmol), ZnCl2 (0.68 g, 5 mmol) and phthalic anhydride (0.74 g,
5 mmol) were heated at 160 �C for 2 h. After cooling, the reaction
mixture was dissolved in DMF (10 mL), and then the mixture was
added dropwise into thewater (50mL (10% NaCl, 1% HCl) w%) while
stirring. The resulting dark precipitate was collected and dried in
vacuo to give crude product. Rh Q-H furnished as a dark powder
was purified by silica gel chromatography (DCM/MeOH ¼ 20:1, V/
V), and then recrystallized from ethanol to get golden crystals
(0.25 g, 17.8% yield). 1H NMR (400 MHz, DMSO-d6, TMS): d 8.12 (s,
1H), 7.64 (m, 2H), 7.23 (d, J ¼ 6.56 Hz, 1H), 6.87 (s, 2H), 5.93 (s, 2H),
3.60 (m, 8H), 3.24 (m, 4H), 3.01 (m, 4H),1.21 (t, J¼ 6.99 Hz, 6H), 0.86
(t, J ¼ 6.70 Hz, 6H). 13C NMR (100 MHz, DMSO-d6): d 151.63, 144.58,
133.96, 130.57, 130.05, 129.08, 114.30, 103.05, 93.97, 47.11, 46.08,
44.77, 43.64, 10.46, 8.98. ESI found 525.3[M � Cl]þ calculated for
C32H37N4O3

þ: 525.29.

2.2.5. Synthesis of Rh Q-Me
Rh Q-H (0.10 g, 0.19 mmol), methanol (3 mL) and 0.1 mL

H2SO4 were refluxed under an inert atmosphere for 24 h. After
cooling, the reaction mixture was added dropwise into the
water (20 mL, 10% NaCl w%) while stirring. The resulting
golden precipitate was collected and dried in vacuo to give the
pure product (0.08 g, 78.0%). 1H NMR (400 MHz, DMSO-d6,
TMS): d 8.23 (d, J ¼ 7.01 Hz, 1H), 7.91 (t, J ¼ 7.52 Hz, 1H),
r Rh Q-H and Rh Q-Me.

ion of new rhodamine dyes with large Stokes shift, Dyes and Pigments



Fig. 1. The normalized UVeVis absorption spectra of Rh Q-H, Rh Q-Me, rhodamine 101
and rhodamine 6G (ca. 10�5 mol/L) in EtOH.

Fig. 2. The normalized fluorescence emission spectra of Rh Q-H, Rh Q-Me, rhodamine
101 and rhodamine 6G (ca. 10�5 mol/L) in EtOH excited with 597 nm, 613 nm, 594 nm,
527 nm respectively.
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7.82 (t, J ¼ 7.66 Hz, 1H), 7.48 (d, J ¼ 7.56 Hz, 1H), 6.78 (s, 2H),
5.84 (s, 2H), 3.66 (m, 8H), 3.33(s, 3H), 3.29 (m, 4H), 3.06
(m, 4H), 1.24 (t, J ¼ 7.05 Hz, 6H), 0.88 (t, J ¼ 7.00 Hz, 6H).
13C NMR (100 MHz, DMSO-d6): d 165.34, 151.80, 149.26,
144.95, 134.43, 134.34, 133.07, 130.56, 130.48, 130.09, 129.72,
114.20, 101.48, 94.18, 52.26, 47.09, 46.29, 44.74, 43.62, 10.52,
8.60. ESI found 539.3[M � Cl]þ calculated for C33H39N4O3þ:
539.29.
Table 1
lab and lem values of Rh Q-H, Rh Q-Me, rhodamine 101 and rhodamine 6G in various so

Solvent Rh Q-H Rh Q-Me

lab (nm) lem (nm) Dl (nm)a lab (nm) lem (nm) Dl (n

CH2Cl2 603 652 49 616 655 39
MeCN 604 653 49 614 660 46
EtOH 597 644 47 613 656 43
MeOH 598 645 47 612 656 44
DMF 601 651 50 622 664 42
DMSO 603 652 49 626 668 42
H2O/EtOH 588 656 68 597 662 65

a Dl(nm) ¼ Stokes shift.
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3. Results and discussion

3.1. UVeVis absorption and fluorescence spectra

The UVevis absorption spectra of Rh Q-H and Rh Q-Me in EtOH
are studied (Fig. 1). Close examination reveals that the shape of the
absorption spectrum of Rh Q-H is highly resemble to that of
rhodamine 6G and rhodamine 101. The intense absorption band
with maximum at 597 nm of Rh Q-H is assigned to the 0e0 band of
the S1)S0 transition, and a (less pronounced) shoulder peak on
the high-energy side (at around 560 nm) is attributed to the 0e1
vibrational band of the same transition. Rh Q-Me shows an intense
absorption band with maximum at 613 nm, which is assigned to
the 0e0 band of the S1)S0 transition. A less pronounced shoulder
peak on the high-energy side at around 570 nm is also observed,
which is attributed to the 0e1 vibrational band of the same tran-
sition. Compared to Rh Q-H, although the absorption spectrum is
similar, the absorption of Rh Q-Me shows 15 nm red shift, which is
attributed to the esterification of benzoic acid. Rh Q-H and Rh Q-
Me show a more red-shifted absorption than rhodamine 101 and
rhodamine 6G. Rh Q-H shows absorption maxima at 597 nm,
which is 33 nm red-shifted compared with rhodamine 101.
The absorption wavelength of rhodamine dyes is highly dependent
on the substituents on the amino group, and the absorption
maxima is also increased with an increasing electron-donating
ability. In Rh Q-H and Rh Q-Me, the electron-donating ability of
the 1, 2, 3, 4-tetrahydroquinoxaline substituent is much stronger
than julolidine.

The fluorescence emission profiles of Rh Q-H and Rh Q-Me in
EtOH are shown in Fig. 2. Rh Q-H exhibits an intense emission peak
with maximum at 644 nm, which extends to an onset of 780 nm.
Compared with rhodamine 101, the emission spectrum of Rh Q-H is
drastically bathochromic shifted for 50 nm while the spectrum
shape is maintaining the same. Similar emission bands are
observed for Rh Q-Me and maximum peak is 656 nm and further
extends to 790 nm. Both Rh Q-H and Rh Q-Me show a more red-
shifted absorption than rhodamine 101, which is attributed to a
much stronger electron-donating ability of the 1, 2, 3, 4-
tetrahydroquinoxaline substituent than julolidine.

Table 1 shows the Stokes shifts of Rh Q-H, Rh Q-Me, rhodamine
101 and rhodamine 6G. The traditional rhodamine dyes have small
Stokes shifts, as shown in Table 1, 30 nm for rhodamine 101 and
28 nm for rhodamine 6G. The Stokes shifts of Rh Q-H and Rh Q-Me
are increased to 47 nm and 43 nm respectively. This might be
attributed to an excited-state intramolecular charge transfer (ICT).
ICTeffect is greatly enhanced in these new rhodamine dyes because
of the strong electron donors. To the best of our knowledge, this is
among the largest Stokes shifts ever reported for the rhodamine
dyes, without resorting to the FRET effect [17,18] and TBET effect
[19,20].
lvents.

Rhodamine 101 Rhodamine 6G

m) lab (nm) lem (nm) Dl (nm) lab (nm) lem (nm) Dl (nm)

578 603 25 520 546 26
576 603 27 523 552 28
564 594 30 527 555 28
565 592 27 525 555 30
573 588 15 532 562 30
585 612 27 537 567 30
574 601 15 525 555 30
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Fig. 3. UVevis absorption (a) and fluorescence emission spectra (b) of Rh Q-H (ca.
10�5 mol/L) in different solvents.

Fig. 4. UVevis absorption (a) and fluorescence emission spectra (b) of Rh Q-Me (ca.
10�5 mol/L) in different solvents.
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3.2. Polarity sensitivity of the absorption and fluorescence

The absorption and fluorescence emission profiles of Rh Q-H in
distinct solvents (CH2Cl2, MeCN, EtOH, MeOH, H2O/EtOH (9/1, V/V))
are shown in Fig. 3. The absorption and emission of Rh Q-H depend
greatly on the polarity of solvents. In DMF, Rh Q-H shows very low
absorption and fluorescence for parts of Rh Q-H molecules transfer
into spirocyclic form which is essentially colorless and nonfluo-
rescent. The transformationmechanism in DMSO consists with that
in DMF, but to a less degree than in DMF. In water solution, Rh Q-H
shows a strong absorption but very weak fluorescence, while in
EtOH and MeOH, Rh Q-H shows stronger absorption and fluores-
cence than those in other solvents. These properties might be due
to hydrogen-bonding interaction between the solvents and the dye
molecules [21]. The Stokes shift in these solutions is 47e50 nm
except for H2O/EtOH in which 68 nm shift is achieved. Collectively,
it proved that an excited-state intramolecular charge transfer (ICT)
should take place in this case.

The absorption and fluorescence emission profiles of Rh Q-Me in
distinct solvents (CH2Cl2, MeCN, EtOH, MeOH, H2O/EtOH (9/1, V/V))
are also studied (Fig. 4). Different from Rh Q-H, the absorption of Rh
Q-Me is not sensitive to the polarity of the solution. In particular, Rh
Q-Me still keep high absorption in DMF and DMSO, due to that the
esterification of benzoic acid restrains rhodamine change into
spirocyclic formwhich is essentially colorless. Extinction coefficient
and fluorescence intensity of Rh Q-Me are higher than those of Rh
Q-H, which could be attributed to the esterification of benzoic acid.
Fluorescence intensity in DMF, MDSO, H2O/EtOH is lower than in
Please cite this article in press as: Tian Z, et al., Synthesis and characterizat
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other solvents. The emission can be quenched by the ICT effect,
which is more significant in polar solvents. The Stokes shift of Rh Q-
Me is 3e10 nm smaller than that of Rh Q-H, but the Stokes shift still
have 65 nm in H2O/EtOH.

4. Conclusions

We have synthesized and characterized two new rhodamine
dyes (Rh Q-H, Rh Q-Me). This investigation constitutes the first use
of 1, 4-diethyl-1, 2, 3, 4-tetrahydroquinoxaline as an amino aux-
ochrome group in rhodamine dyes. These dyes show more excel-
lent photophysical performance than the traditional rhodamine
dyes with both absorption and emission in the long region. Espe-
cially, the Stokes shifts of these new dyes are 40e68 nm in different
solvents, which are significantly larger than those of the traditional
rhodamine dyes. The introduction of the two amino derivatives in
the same benzene of the rhodamine is an effective method to
change the character of the dyes.
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