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ABSTRACT: 5(6)-Carboxy-rhodamine 110 isomers.were rapidly synthesized by condensation of
3-aminophenol and trimellitic anhydride using microwave irradiation as heating method. After
esterification of the two isomers, separation and. hydrolyzation provided target products,
5-carboxy-rhodamine 110 and 6-carboxy-rhadamine 110, in high yields. The results shows
microwave irradiation can effectively reduce the reaction time and the demanding of condensed

H,SO,.
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INTRODUCTION

Rhodamine, such as rhodamine B and rhodamine 6G,
is a family of related fluorone dyes compounds. They
are used as a dye or a dye laser gain medium in analysis
chemistry, environmental chemistry, biological chemistry [1-8],
and especially in the field of non-radioactive detection of
biological analysis of modern molecular biology. Furthermore,
rhodamine derivatives have been employed for the
measurements of mitochondrial membrane potential [1,2],
and also as enzymes fluorogenic substrates [3,4]. Now
many new rhodamine derivatives, such as amino and/or
acid rhodamine derivatives, rhodamine methyl ester
and etc, have been designed and synthesized for
special use [5-8].

The synthesized 5(6)-Carboxy-rhodamine 110 and its
derivatives can readily react with a primary or secondary
amine [9, 10]. In this time-consuming process, large
quantities of condensed H,SO, is employed as solvent,
and inert gas protection is needed. Besides, the separation of
the two isomers of 5(6)-carboxy-rhodamine 110 can not be
avoided in many cases [11], but it is very difficult to separate
them directly for their similar and high polarity [12,13].
Recently, esterification of 5(6)-arboxy-rhodamine 110
was proved to be an effective method for their separation
by several authors [14], and further hydrolysis provided
target products with relative high yield. But it was also a
time-consuming process.
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Fig. 1: Microwave-assisted synthesis of 5(6)-carboxy-rhodamine 110 isomers.

To develop an eco-friendly method which permits the
synthesis of 5(6)-arboxy-rhodamine 110 rapidly with
high purity is one of the challenges for organic chemists.
Microwave irradiation accelerates the chemical reactions,
and high yields are achieved within/a short time. In this
work, we introduce a microwave-assisted method to
synthesis 5(6)-arboxy-rhodamine 110 in simple approach;
the strategy has been shown'in Fig. 1.

EXPERIMENTAL SECTION

All the reagents were A.R. grade, and were used
without further purification. The reactions were
performed on a rebuilt WP-750B Galanz microwave oven [15].
The system was equipped with magnetic stirrer bar
which allows continuous stirring. The Anal and NMR
were operated on Carlo Erba 1106 element analysis
instrument and Varian INOVA-400 MHz nuclear
magnetic resonance appearance. Mass spectrums were
recorded on a Micromass Platform spectrometer using the
direct-inlet system operating in the Electron Impact (EI)
mode at 75 eV.

74

Synthesis of 5(6)-carboxy-rhodamine 110 methyl ester

2.40 g (22 mmol) 3-aminophenol (a) and 1.92 g
(10 mmol) trimellitic anhydride (b) were dissolved in 15 mL
propionic acid in a flask, and then 0.5 mL H,SO, was
added dropwise. The flask was placed into the microwave
oven, and the oven was started under the pre-setted
“power” and “time”. After the reaction finished, cooled to
room temperature and the solvent was removed by
vacuum distillation, 30 mL methanol was added to the
residue, and the flask was put into the microwave oven
for irradiation under the pre-setted “power” and “time”.
Then the following separation was carried out by the reported
method [14], providing 1.62 g 5-carboxy-rhodamine 110
methyl ester (d1) and 1.83 g 6-carboxy-rhodamine 110
methyl ester (d2) with total yield 85.8%.

Synthesis of 5(6)-carboxy-rhodamine 110

The method reported in [14] was used for the hydrolysis of
5(6)-carboxy-rhodamine 110 methyl ester. S-carboxy-rhodamine
110 (c1) and 6-carboxy-rhodamine 110 (c2) were obtained
with the yield of 95.8% and 94.3% respectively.



Iran. J. Chem. Chem. Eng.

Spectral and analytical data of 5(6)-Carboxy-rhodamine
110 methyl ester and 5(6)-Carboxy-rhodamine
5-Carboxy-rhodamine methyl ester (d1)

'H-NMR (400 MHz, CD;OD) &: 8.85 (s, 1H), 8.41
(d, J=6.8 Hz, 1H), 7.53 (d, J = 6.8 Hz, 1H), 6.92 (d, ] = 8.8
Hz, 1H), 6.82 (d, J = 8.8 Hz, 1H), 6.74 (d, J = 8.8 Hz,
1H), 6.66 (d, J = 8.8 Hz, 1H), 6.55~6.51 (m, 2H), 4.02
(s, 3H), 3.64 (s,3H). Anal. Calcd. for C,3H;gN,Os:
C 68.65, H4.51, N 6.96; found C 68.60, H 4.47, N 6.90.
MS (EI) m/z: 402 (M")

6-Carboxy-rhodamine methyl ester (d2)

'H-NMR (400 MHz, CD;0D) &: 8.43 (d, ] = 7.2 Hz,
1H), 8.34 (d, J=7.2 Hz,1H), 7.98 (s, 1H), 7.01 (d, J=9.6
Hz, 1H), 6.97 (d, ] = 9.6 Hz, 1H), 6.83~6.80 (m, 4H),
3.98 (s, 3H), 3.62 (s, 3H). Anal. Calcd. for C,3H;gsN,Os:
C 68.65, H 4.51, N 6.96; found C 68.61, H 4.52, N 6.91.
MS (EI) m/z: 402 (M")

5-Carboxy-rhodamine 110 (c1)

'H-NMR (400 MHz, CD;0D) &: 8.93 (s, 1H), 8.44 (d,
J=72Hz 1H),7.59 (d,J =72 Hz, 1H), 7.22 (d, 1 =9.4
Hz, 2H),7.01 (d, J = 9.4 Hz, 2H), 6.96~6.92 (m, 2H).
Anal. Calcd. for C,H4N,Os: C 67.38, H 3.77, N 7.48;
found C 67.45, H 3.77, N 7.44. MS (EI) m/z: 374 (M)

6-Carboxy-rhodamine 110 (c2)

'H-NMR (400 MHz, CD;0D) &: 8:56 (d, J = 7.6 Hz,
1H), 8.24 (d, J = 7.6 Hz, 1H), 7.86.(s, 1H);.7.19 (d, ] =
9.6 Hz, 2H), 6.99~6.94 (m, 4H). Anal. Calcd. for
C,H4N,Os: C 67.38, H 3.77, N 7.48; found C 67.35,
H3.78, N 7.42. MS (EI) m/z: 374 (M")

RESULTS AND DISCUSSION

Firstly, the reaction ' was carried out at different power
levels (power 1 to 5) without inert gas protection in order
to select the appropriate power level. The results showed
that the propionic acid solution could keep boiling at
power 5, so the reaction was carried out at this power
level. The reaction was monitored by TLC every
5 minutes. 20 minutes later, trimellitic anhydride could not be
detected, and there was not any other point of byproducts
on TLC. The results suggested that the removal of the
inert gas protection in this experiment was reasonable due
to the short reaction time.
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The following esterification should employ Lewis
acid as catalyst, so the residual of vacuum distillation,
5(6)-carboxy-rhodamine 110 and H,SOy, could be used in
the next step directly without further separation. The power
level of the esterification reaction was selected as power 3,
and the reaction time also determined by TLC detection
as 30 minutes.

Initially, the hydrolysis of 5(6)-carboxy-rhodamine
110 methyl esters was tested in the presence of NaOH in
methanol. But it was found that the results were complex.
So the hydrolysis was carried out using the traditional
method [14].

CONCLUSIONS

In conclusion; a convenient and rapid microwave-
assisted synthesis of 5(6)-carboxy- rhodamine 110 in
high yields was established. Experimental results indicated
that microwave heating has effectively reduced the total
reaction time of the first two steps from about twenty
hours to less'than one hour, and, eco-friendly, the demanding
for condensed H,SO, was greatly reduced, which brings
about. considerable time saving as well as cost. This
method can be applied into the synthesis of more rhodamine
derivatives with rapid, economic and environmentally
friendly characters. We also are confident that this
method will find its use in preparative organic chemistry.
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