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In the lanthanide complexes with some organic ligands, the use of pyridine-2,6-dicarboxylic acid derivatives as sensitizers was
better than using others. In this paper, dimethyl 4-(2-(2,6-bis(methoxycarbonyl)pyridine-4-yl)vinyl)pyridine-2,6-dicarboxylate
(DVDPA) was synthesized starting from dimethyl 4-(chloromethyl)pyridine-2,6-dicarboxylate (CMDPA) catalyzed by ionic liquid
[bmim]OH.The results indicated that the catalytic system presented the highest catalytic activity in the case of 60∘C and 40min and
DVDPA yield of 83% can be obtained when ionic liquid dosage is 10% of reactant. The ionic liquid [bmim]OH can be recycled five
times without obviously decreasing the catalytic activity after vacuum drying dehydration and the stability of the yield of DVDPA
can be maintained.

1. Introduction

Pyridine dicarboxylic acid derivatives are a kind of important
organic ligands, which have rigid conjugated structures and
rich coordination forms with the wide application in optical
fiber communication system and the time resolution of fluo-
rescence immunoassay [1–4]. The substituted pyridine dicar-
boxylic acid derivatives of rare earth ions form stable com-
plexes, which have stronger luminescence capability and fluo-
rescence intensity compared with other organic ligand sensi-
tization. Dimethyl 4-(2-(2,6-bis(methoxycarbonyl)pyridine-
4-yl)vinyl)pyridine-2,6-dicarboxylate (DVDPA) is an inter-
mediate of pyridine dicarboxylic acid derivatives ligands,
which was initially synthesized by Wittig condensation
reaction based on dimethyl 4-(chloromethyl)pyridine-2,6-
dicarboxylate (CMDPA) as the raw material [5]. The dis-
advantage of the process is the using of phosphorus salt
catalyst and the complex operation of reaction. In addition,
the synthesis of DVDPA has been reported using organic
nitrogen alkali as catalyst in aqueous solvent [6], but the
catalysts are flammable, explosive, and difficult to reuse.

Therefore, the search for a more environmentally friendly
catalyst is still a problem to be solved.

In recent years, ionic liquids, as a green catalyst, arewidely
used in various organic synthesis reactions because of their
environmental friendliness and beneficial reuse. 1-Butyl-3-
methylimidazoliumhydroxide ([bmim]OH) is a kind of basic
functionalized ionic liquid and has been successfully used for
Knoevenagel condensation reaction [7], Mannich reaction
[8], Markovnikov addition reaction [9], Michael addition
reaction [10, 11], Feist-Benary reaction [12], and cycloaddition
reaction [13]. This study attempts to use the basic ionic
liquid [bmim]OH as catalyst for synthesis of DVDPA with
CMDPA as the raw material. We found that the catalytic
systemhas good catalytic performance undermild conditions
and simple operation.

2. Materials and Methods

2.1. General Reagents and Instrumentation. All starting
chemicals (AR grade) were purchased from commercial
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Scheme 1: Preparation of ionic liquid [bmim]OH.

suppliers and used without further purification. Melting
points were determined on aThomas Hoover capillary appa-
ratus and were uncorrected. The IR spectra were recorded
with a Bomem-Michelson model 102 FTIR. 1HNMR spectra
were recorded on Bruker DRX (500MHz) spectrometer. Gas
chromatography (GC) was recorded on a HP 6890 Plus
GC instrument. Elemental analyses were performed on a
Yanagimoto MT3CHN recorder.

2.2. Preparation of Ionic Liquid [bmim]OH. Ionic liquid
[bmim]OH was prepared according to [10], as shown in
Scheme 1. The dried CH

2
Cl
2
(20ml), [bmim]Br (40mmol,

8.80 g), and KOH (40mmol, 2.31 g) were added to the round
bottomed flask at room temperature to react with 10 h. At
the end of the reaction, the crude products were filtered and
distilled, washed with ether, and dried 10 h at 90∘C, and the
ionic liquid [bmim]OH was obtained.

2.3. Synthesis of CMDPA. The CMDPA was synthesized
according to [5], as shown in Scheme 2. Anhydrous
CHCl3 (100 mL) and dimethyl 4-(hydroxymethyl)pyridine-
2,6-dicarboxylate (6.00 g, 26.60mmol) were added to four
round bottom flasks at low temperature with magnetic
stirring and controlling the reaction temperature of 0–5∘C
under a nitrogen atmosphere. Sulfuryl dichloride (4.80 g,
40.00mmol) was added slowly to the mixture, after finishing
dropping, TLC tracking reaction, 45min vacuum evapora-
tion to eliminate solvent, the crude product with ethyl acetate
recrystallization, and vacuum drying pale. Orange yellow
solid (2.76 g, 11.10mmol) was obtained, with the melting
point 168 to 171∘C and the yield 86.4% (IR (KBr), ]/cm−1:
3079, 2959, 2836, 1725, 1710, 1380, 1257, 1125, 798. (EI-MS,
m/z, rel., intensity): 243 (M+), 213 (M, OCH

3
, 62%), 184 (M-

OCH
3
-CO, 100%); 1H NMR (400MHz, CDCl

3
) 𝛿: 8.27 (s,

2H, Py, H), 4.45 (s, 2H, CH
2
Cl), 4.06 (s, 6H, OCH

3
)).

2.4. Synthesis of DVDPA Catalyzed by [bmim]OH. The syn-
thesis of DVDPA was shown as Scheme 3. CMDPA (6.1 g,
25mmol) was dissolved in THF (60mL) and to this mixture
0.5 g [bmim]OH dissolved in methanol (40 mL) was added.
The mixture was stirred for 10min and then was heated
to 60∘C with stirring for 40min. The reaction mixture was
cooled to 10∘C and was allowed to stand for about 30min;
then it was filtered.The collected solidwas recrystallized from
methanol to give 4.3 g (83%) of DVDPA as a whitish solid
(mp 191–193∘C (lit. [6]mp 192–194∘C). IR (KBr), ]/cm−1: 3415,
2918, 1734, 1636, 1593, 1437, 1390, 1228, 1000, 911, 773, 696. 1H
NMR (CDCl

3
), 𝛿: 8.13 (s, 4H, Py–H), 7.16–7.53 (d, 2H, 𝐽 =

16.0Hz, Py–CH=), 4.04 (s, 6H, OCH
3
). EA (calculated for

C
20
H
18
N
2
O
8
): % C 57.36 (57.97), H 4.68 (4.35), N 6.32 (6.76)).

The filtrate with ionic liquid was reused after vacuum drying.

Table 1: Effects of [bmim]OH/solvent on the synthesis of DVDPA.

Entry Catalyst/solvent Yield (%)b

(1) [bmim]OH/H
2
O 62

(2) [bmim]OH/CH
3
OH 83

(3) [bmim]OH/CH
3
CN 80

(4) [bmim]OH/CH
2
Cl
2

71
(5) [bmim]OH/None 60
Reaction conditions: CMDPA (25mmol), tetrahydrofuran 60ml,
[bmim]OH (2.5mmol), 60∘C, 40min. bIsolated yield.

Table 2: Effects of reaction temperature on the reaction.

Entry Temperature/∘C Yield (%)b

(1) 30 42
(2) 40 64
(3) 50 78
(4) 60 83
(5) 70 81
(6) 80 82
(7) 90 79
(8) 100 71
Reaction conditions: CMDPA (25mmol), tetrahydrofuran 60ml,
[bmim]OH (2.5mmol), CH3OH (40ml), 40min. bIsolated yield.

3. Results and Discussion

In the initial catalytic activity experiments, different solvents
were screened for the synthesis of DVDPA. The results are
summarized in Table 1. As shown in Table 1, the reaction
could proceed effectively in polar organic solvents, for exam-
ple, methanol and acetonitrile (entries (2) and (3)). Without
solvent, the system will become mushy as the reaction
proceeds, while, using water as a solvent, it is difficult to
handle the mixture after reaction. Therefore, methanol was
used as the solvent for further research.

Next, we investigated the effect of reaction temperature
on the yield of the DVDPA, as shown in Table 2. As shown in
Table 2, it indicates that, in the catalytic system of [bmin]OH,
the yield of DVDPA increased with the reaction temperature
increasing.The optimum reaction temperature is 60∘C (entry
(4)), and increasing the reaction temperature beyond this led
to no substantial improvement in the yield. The reason why
the yield of targeted product decreased when increasing the
temperature may be higher temperature being not favorable
for the condensation reaction.

Subsequently, we investigated the effect of reaction time
on the reaction, as shown in Figure 1. In the [bmin]OH
catalytic system, with the increase of reaction time, the yield
of the product increased gradually. When the reaction time
was 40min, the yield was the highest, and then the reaction
time prolonged, and the yield was no longer increased. So the
reaction time under the conditions should be 40min.

The effect of the amount of ionic liquid [bmim]OH on
the reaction was screened as shown in Table 3. The results
showed that no desirable product could be detected when
the reaction proceededwithout any catalyst (entry (1)), which
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Scheme 3: Synthesis of DVDPA.

Table 3: Effect of the amount of ionic liquid [bmim]OH on the
reaction.

Entry Catalyst (mmol) Yield (%)b

(1) 0 0
(2) 1.0 68
(3) 1.5 76
(4) 2.0 81
(5) 2.5 83
(6) 3.0 83
Reaction conditions: CMDPA (25mmol), tetrahydrofuran 60ml, CH3OH
(40ml), 60∘C, 40min. bIsolated yield.
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Figure 1: Effect of reaction time on reaction. Reaction conditions:
CMDPA (25mmol), tetrahydrofuran 60ml, [bmim]OH (2.5mmol),
CH
3
OH (40ml), 60∘C. Isolated yield.

indicated that the catalyst should be absolutely necessary for
the reaction. With the amount of [bmim]OH increased, a
ramp in the yield was clearly observed.The optimum amount
of [bmim]OH was 2.5mmol (10% based on CMDPA) (entry
(5)), and increasing the amount of catalyst beyond this led to
no substantial improvement in the yield.
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Figure 2: Reusability of ionic liquid [bmim]OH.

Compared with traditional solvents and catalysts, ionic
liquids are easily reused, which is superior to the conven-
tional solvents and catalysts. When optimizing the reaction
condition, the recycling performance of [bmim]OH in the
reaction was investigated. As shown in Figure 2, the catalyst
could be reused at least five timeswithout significant decrease
in catalytic activity.The yield of the target product DVDPA is
above 80%.

4. Conclusions

In conclusion, dimethyl 4-(2-(2,6-bis(methoxycarbonyl)
pyridine-4-yl)vinyl)pyridine-2,6-dicarboxylate (DVDPA)
was synthesized starting from dimethyl 4-(chloromethyl)
pyridine-2,6-dicarboxylate (CMDPA) catalyzed by ionic
liquid [bmim]OH. The results indicated that the catalytic
system presented the highest catalytic activity in the case of
60∘C and 40min and DVDPA yield of 83% can be obtained
when ionic liquid dosage is 10% of reactant. The ionic
liquid [bmim]OH can be recycled for five times without
obviously decreasing the catalytic activity after vacuum
drying dehydration and the stability of the yield of DVDPA
can be maintained.
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