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Abstract: A series of mono- and bis-benzimidazolium and imidazolium salts of 4-pyrone derivatives has been synthe-
sized in good yields, by various quaternization reactions of halomethyl derivatives of 4H-pyran-4-ones. These salts can be
used as novel precursors of functionalized N-heterocyclic carbenes and some of them as novel ionic liquids.
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INTRODUCTION

Imidazolium and benzimidazolium salts are an important
class of quaternary ammonium compounds (QACs) which
have extensively achieved considerable attention in different
chemical, biochemical and industrial areas [1-7]. Deprotona-
tion of N,N'-disubstituted derivatives of these salts, generates
N-heterocyclic carbenes (NHCs) species. These nucleophilic
carbenes as excellent ligands of metal ions are widely used
in coordination chemistry [8, 9]. Resulting metal-NHC com-
plexes have found great applications in medicinal chemistry
[10] and as catalysts in many carbon-carbon bond forming
reactions [11-16]. Furthermore, applications of NHC precur-
sors as organocatalysts in many organic transformations
have rapidly increased [17, 18].

Moreover, the imidazolium salts can serve as ionic lig-
uids as environmentally benign solvents due to their interest-
ing properties such as thermal stability, non-flammability,
very low vapor pressure and reusability [19, 20]. 4-Pyrones
and their heterocyclic derivatives constitute an important
class of biologically active natural and synthetic products,
continuing to attract interest [21-24]. Since a variety of het-
erocycles with tethered imidazolium or benzimidazolium
groups have been synthesized and used as carbene ligands,
[25-29], and through our recent attempts for the synthesis of
heterocyclic and polyfunctional frameworks of 4-pyrones
[30, 31], we were interested in the preparation of imida-
zolium and benzimidazolium salts based on 4-pyrone struc-
tures. Herein we report synthesis of some of these salts start-
ing from various halomethyl derivatives of 4-pyrones.

RESULTS AND DISCUSSION

Schemes 1 and 2 show the substitution reactions of ha-
lomethyl derivatives la-f. These starting compounds were
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prepared from benzylic halogenations of the corresponding
4-pyrones according to the literatures [32]. Treatment of
halomethyl derivatives 1la-d with commercial N-
methylimidazole in acetonitrile at 25 °C for 24 hr, resulted in
the formation of salts 2a-d, which were obtained in good
yields and simple workup. The 4-(bromomethyl)phenyl de-
rivatives 1e,f also react similarly to afford imidazolium salts
2e,f. To evaluate the possibility of reducing the melting
points of these compounds to achieve the new ionic liquids,
anion exchange reactions of these salts with AgBF, were
carried out according to a known procedure [42], to furnish
the corresponding imidazolium tetrafluoroborates 3a-f
(Schemes 1, 2).

Table 1 shows the yields and uncorrected melting points
of imidazolium salts. According to the table, the salts ob-
tained from protected kojic acid, 2b, 3b, as well as ionic de-
rivatives bearing phenyl group, 3d-f, melt below 100 °C or
near room temperature. Due to the influence of miscibility of
these salts in their applications, we also examined the misci-
bility of all synthesized salts in water and conventional or-
ganic solvents (Table 2). As shown in the table, good misci-
bility in water and methanol was observed for these salts.

We then examined the reactions of N-
alkylbenzimidazoles with 2-halomethyl-4-pyrones (Scheme
1). At first, treatment of 1a,c with N-alkylbenzimidazoles in
boiling acetonitrile resulted in trace amounts of salts even
after extended time. But the addition of potassium iodide
(K1, 1.1 eq.) to the mixture, led to the progress of the reac-
tions and the benzimidazolium salts 2g-1 were obtained after
10 h at 70°C in good yields (Table 3). Employment of Kl as
activator for N'-alkylation of N-alkylimidazoles with alkyl-
chlorides has also been reported [6]. The utilized N-
alkylbenzimidazoles, were prepared from alkylation of ben-
zimidazole according to the reported procedures [43, 44].

In order to obtain more interesting compounds from the
standpoint of coordination chemistry, we then decided to
synthesize the 4-pyrone-bridged bis imidazolium and ben-
zimidazolium salts. For this purpose we used 2,6-bis [(4-
bromomethyl)phenyl)]-4-pyrone 4 [45]. Again, treatment of

© 2012 Bentham Science Publishers
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Scheme 2. Reactions of N-methylimidazole with 2-[(4-bromomethyl)phenyl]-4-pyrones and anion exchanging of imidazolium products.

Table 1. Synthesis of Imidazolium Salts 2a-f and 3a-f.

a b

Entry Re Re Rs X ! (Mp °C,2Yield %) (Mp °C,3Yield %)
1 H OH H cl 1a 2a (237-239, 88) 3a (132-134, 92)
2 H OCH,Ph H cl 1b 2b (93-95, 83) 3b (31-32, 90)
3 H H Ph Br 1c 2¢ (218-220, 85) 3¢ (123-124, 92)
4 Ph Ph CH; Br 1d 2d (190-191, 83) 3d (98-99, 90)
5 H H CH Br le 2e (177-179, 88) 3¢ (91-93, 89)
6 H H Ph Br 1f 2f (138-139, 86) 3f (60-62, 91)

Conditions: *1-methylimidazole (2.2 mmol), 1a-f (2 mmol), acetonitrile (15 ml), r.t., 24 h.” 2a-f (1 mmol), AgBF, (2 mmol), H,O (14 ml), r.t., 1 h.

dibromide 4 with N-methylimidazole in acetonitrile at 25 °C
for 24 h, resulted in the formation of 6a (Scheme 3). For
synthesis of the corresponding bis-benzimidazolium salts,
we used an indirect route. Treatment of 4 with 2 equiv. of
benzimidazole in the presence of sodium hydride in THF at
60°C for 24 h gave the bis(benzimidazolyl) derivative 5 in

90% vyield (Scheme 3). Reactions of 5 with alkyl halides
such as methyl iodide, ethyl bromide and n-butyl bromide in
hot acetonitrile, again resulted in the formation of trace
amounts of salts even after prolonged time. Addition of po-
tassium iodide (2.0 eq.) to the reaction mixture, expedited
the reactions and the bis-benzimidazolium iodides 6b-d were
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Table 2. Miscibility of Imidazolium Salts 2a-f, 3a-f.

Miscibility in Solvents
Salt

H,O MeOH CH;CN CHCl, EtOAc THF
2a m m pm im im im
2b m m pm im im im
2c m m pm im im im
2d m m m pm pm im
2e m m pm im im im
2f m m pm im im im
3a m m m pm pm im
3b m m m im im im
3c m m m pm pm im
3d pm m m m m im
3e pm m m pm pm im
3f m m m im im im

m: miscible, pm: partly miscible, im: immiscible
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Scheme 3. Synthesis of 4-pyrone-bridged bis imidazolium and benzimidazolium salts.
CONCLUSION

achieved at 70°C in 74-84% yields (Scheme 3). Table 4 _ _ _ _
shows the yields and melting points of the 4-pyrone-bridged In conclusion, we have designed and synthesized a series
salts. of novel imidazolium and benzimidazolium salts containing
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Table 3. Synthesis of Benzimidazolium Salts 2g-I.

Entry 1 R 2 (Mp °C, Yield %)
1 la Me 2g (200-202, 88)
2 1c Me 2h (199-201, 67)
3 la Et 2i (150-152, 68)
4 1c Et 2j (150-152, 73)
5 la Bu 2k ( 158-160, 90)
6 1c Bu 21 ( 218-220, 87)

Conditions: 1a,c (2 mmol), N-alkylbenzimidazoles (2.2 mmol), acetonitrile (15 ml), Kl
(2.2 mmol), 70°C, 10 h.

Table 4. Synthesis of Salts 6a-d.

Entry R 6 (Mp °C, Yield %)
1 Me 6a (209-211, 74)
2 Me 6b (198-200, 74)
3 Et 6c (238-240, 80)
4 Bu 6d (278-280, 84)

Conditions: for 6a: dibromide 4 (1 mmol), 1-methylimidazole (1.1 mmol), acetonitrile
(15 ml), r.t., 24 h., for 6b-d: compound 5 (2 mmol), alkylhalides (12 mmol), KI (4
mmol), acetonitrile (10 ml), 70°C, 48 h.

a 4-pyrone moiety, by reaction of different halomethyl de-
rivatives of 4-pyrones with N-methyl imidazole and N-
methyl benzimidazoles, followed by anion exchanging of
imidazolium salts with AgBF,. These salts can be used as
novel precursors of N-heterocyclic carbenes and some of
them as novel ionic liquids. Solubility of all imidazolium
salts has been studied in water and conventional organic sol-
vents and remarkable results have been obtained. We have
also synthesized the 4-pyrone bridged bis-imidazolium and
benzimidazolium salts, from dibromide 4 in one or two steps
respectively. Spectroscopic data of the selected salts are re-
ported [47-49].
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benzylic bromination of 2,6-bis(4-methylphenyl)-4-pyrone in the
presence of NBS (2 eq.) and catalytic amounts of benzoyl peroxide
(BPO) in boiling CCl, for 48 h [46]. 2,6-Bis(4-methylphenyl)-4-
pyrone was itself prepared through dehydrative cyclization of 1,5-
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General procedure for preparation of compounds 2a-f and 3a-f. To
a stirred solution of 1-methylimidazole (0.18 gr, 2.2 mmol) in dry
acetonitrile (5 ml) was added dropwise a solution of bromomethyl
derivative 1a-f (2 mmol) in dry acetonitrile (10 ml). The reaction
mixture was stirred at room temperature for 24 h and then concen-
trated under reduced pressure. Ethyl acetate (20 ml) was added to
the mixture and after stirring for 10 min, the precipitated solid was
filtered. The solid product washed twice with EtOAc (10 ml) to
remove remaining starting materials and then was kept at 45 °C un-
der vacuum for 12 h. Imidazolium bromides 2a-f were produced in
83-88% vyields. For preparation of salts 3a-f, a solution of AgBF,
(2 mmol) in distilled water (7 ml) was added to a solution of imida-
zolium salts 2a-f (1 mmol) in H,O (7 ml)( as well as 2 ml acetoni-
trile in the case of 2d,e). The mixture was stirred at rt for 1 h and
then white precipitate was filtered. The filtrate was allowed to
stand overnight at room temperature. The solution was passed
through filter paper to removed small amounts of solid impurities.
Water was removed under reduced pressure by rotary evaporator
and acetonitrile (10 ml) was added to the residue. Insoluble black
precipitate was filtered and the filtrate was dried over MgSO,. Ace-
tonitrile was removed under reduced pressure. Imidazolium tetra-
fluoroborates 3a-f were obtained in 89-92% yields. Data for 1-[(5-
Hydroxy-4-oxo-4H-pyran-2-yl)methyl]-3-Methyl-imidazolium
tetrafluoroborate 3a: Gray solid, yield 92%, mp 132-134°C; FT-
IR(KBr), v: 3223 (OH), 3135, 3085, 2987, 2943, 1648, 1616, 1445,
1270 cm™; *H NMR(400 MHz, D,0), &: 3.88 (s, 3H, N-CH5), 5.48
(s, 2H, CH,-N), 6.52 (s, 1H, H-3 pyrone), 7.78 (s, 1H, imida-
zolium-H), 7.84 (s, 1H, imidazolium-H), 9.34 (s, broad, 1H, OH),
8.09 (s, 1H, H-6 pyrone), 9.35 (s, 1H, H-2 imidazolium) ppm; *C
NMR(100 MHz, D,0), &: 36.0, 48.8, 113.5, 122.7, 124.1, 137.5,
140.1, 146.1, 159.5, 173.6 ppm; Elemental analysis: calculated for
C1oH1uBFiN,0s, C 40.84, H 3.74, N 9.53; found, C 40.63, H 3.55,
N 9.78. Data for 1-[(5-Benzyloxy-4-oxo-4H-pyran-2-yl)methyl]-3-
Methyl-imidazolium tetrafluoroborate 3b, Bright brown solid, yield
90%, mp 31-32°C; FT-IR(KBr), v: 3098, 2930, 1648, 1623, 1434,
1220 cm™; *H NMR (400 MHz, D,0), &: 3.87 (s, 3H, N-CH;), 4.92
(s, 2H, OCH,Ph), 5.47 (s, 2H, CH,-N), 6.52 (s, 1H, H-3 pyrone),
7.33-7.39 (m, 5H, Ph-H), 7.75 (s, 1H, imidazolium-H), 7.82 (s, 1H,
imidazolium-H), 8.22 (s, 1H, H-6 pyrone), 9.31 (s, 1H, H-2 imida-
zolium), ppm; *C NMR(100 MHz, D,0), &: 36.0, 48.6, 70.6,
114.6, 122.7, 124.1, 128.1, 128.3, 128.5, 135.9, 137.6, 1415,
146.9, 159.8, 172.8 ppm; Elemental analysis: calculated for
Ci7H1zBF4N2Os, C 53.15, H 4.43, N 7.29; found, C 53.42, H 4.31,
N 7.42.

General procedure for preparation of compounds 2g-1. To a stirred
mixture of 2-halomethyl-4-pyrones 1a or 1c (2 mmol) and potas-
sium iodide (2.2 mmol), in dry acetonitrile (10 mL), was added
dropwise a solution of N-alkylbenzimidazoles (alkyl=Me, Et, n-Bu)
(2.2 mmol) in dry acetonitrile (5 ml). The mixture was heated at
70°C for 10 h and then concentrated by rotary evaporator. Ethyl
acetate (20 mL) was added to the residue and after stirring for 10
min, the precipitated product was filtered, washed with ethyl ace-
tate (2x10 mL) and dried in vacuo to give the products 2g-l. Data
for 1-[(5-Hydroxy-4-oxo-4H-pyran-2-yl)methyl]-3-Methyl-
benzimidazolium iodide 2g, White solid, yield 88%, mp 200-202
°C; FT-IR (KBr), v: 3423 (OH), 3142, 3086, 2987, 1644 (pyrone
C=0), 1617, 1585, 1364 cm™; 'H NMR (400 MHz, DMSO-ds), &:
4.11 (3H, s, N-CH3), 5.83 (2H, s, CH>-N), 6.68 (1H, s, H-3 py-
rone), 7.69-7.73 (2H, m, H-5,6 benzimidazolium), 8.04-8.13 [3H,
m, (2H, H-4,7 benzimidazolium), (1H, H-6 pyrone)], 9.43 (1H, s,
OH), 9.91 (1H, s, H-2 benzimidazolium) ppm; “C NMR (100
MHz, DMSO-dg), &: 33.7, 46.9, 113.5, 113.6, 114.0, 126.9, 127.2,
130.9, 131.9, 140.3, 143.6, 146.2, 159.2, 173.8 ppm; Elemental
analysis: calculated for Ci,Hi3IN,Os, C 43.76, H 3.39, N 7.29;
found, C 44.08, H 3.27, N 7.33. Data for 1-Methyl-3-[(4-0x0-6-
phenyl-4H-pyran-2-yl)methyl]-benzimidazolium iodide 2h, White
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solid, yield 67%, mp 199-201 °C; FT-IR (KBr), v: 3390 (OH),
3038, 2898, 1654 (pyrone C=0), 1622, 1567, 1451, 1194 cm™; 'H
NMR (400 MHz, DMSO-dg), 8: 4.12 (3H, s, N=CH3), 5.93 (2H, s,
CH,-N), 6.62 (1H, d, J=1.6 Hz, pyrone-H), 6.91 (1H, d, J=1.9 Hz,
pyrone-H), 7.46-7.56 (3H, m, phenyl-H), 7.71-7.77 (2H, m, H-5,6
benzimidazolium), 7.80 (2H, d, J=7.3 Hz, phenyl-H), 8.05 (1H, d,
J=6.4 Hz, H-7 benzimidazolium), 8.23 (1H, d, J=7.8 Hz, H-4 ben-
zimidazolium), 9.96 (1H, s, H-2 benzimidazolium) ppm; **C
NMR(100 MHz, DMSO-ds), &: 33.8, 47.0, 110.9, 113.7, 114.0,
115.1, 126.2, 126.9, 127.1, 129.2, 130.4, 131.2, 131.9, 132.0,
143.7, 160.3, 163.3, 178.8 ppm; Elemental analysis: calculated for
Ca0H17IN,O,, C 54.07, H 3.83, N 6.31; found, C 54.34, H 3.75, N
6.37.

Preparation of 1,1'-Dimethyl-3,3'-{[4-(2,6-diyl-4-0x0-4H-
pyran)diphenyl]dimethyl}-dibenzimidazolium diiodide 6a was
similar  to 2a-f. Preparation  of  2,6-Bis [4-(1-
benzimidazolylmethyl)phenyl]-4H-pyran-4-one 5: To a stirred sus-
pension of sodium hydride 80% (0.25 g, 8.5 mmol) in THF (15 ml)
was added a solution of benzimidazole (1.0 g, 8.5 mmol) in THF
(10 mL) under Ar. After stirring at room temperature for 0.5 h, a
solution of 2,6-bis[4-(bromomethyl)phenyl]-4H-pyran-4-one 4
(1.82 g, 4.2 mmol) in THF (20 ml) was added dropwise to the mix-
ture. The mixture was stirred at 60 °C under Ar for 24 h, and then
concentrated by a rotary evaporator. Water (150 ml) was added to
the residue and after stirring, the mixture was left at rt for 24 h. The
precipitate was filtered, washed with acetone (10 ml) and dried in
vacuo to give 1.9 g, 90% vyield of 5 as white solid, mp 250-252 °C;
FT-IR (KBr), v: 3115, 2972, 2861, 1643 (pyrone C=0), 1600,
1422, 1383, 1259, 944 cm™; *H NMR (400 MHz, DMSO-dg), 5:
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5.65 (4H, s, CH>-N), 6.96 (2H, s, pyrone=H), 7.24-7.26 (4H, m, H-
5,6 benzimidazole), 7.45 (4H, d, J=8.0, aryl-H), 7.55-7.57 (2H, m,
H-7 benzimidazole), 7.69-7.71 (2H, m, H-4 benzimidazole), 8.00
(4H, d, J=8.0, aryl-H), 8.65 (2H, s, H-2 benzimidazole) ppm; **C
NMR (100 MHz, DMSO-dg), 8: 47.3, 110.8, 110.9, 119.5, 121.9,
122.7,126.5, 128.0, 130.3, 133.6, 140.4, 143.4, 144.3, 161.9, 178.9
ppm. Elemental analysis: calculated for Cs3H,,N,O,, C 77.94, H
4.76, N 11.02; found, C 77.68, H 4.73, N 11.21. General procedure
for preparation of compounds 6b-d, A stirred mixture of compound
5 (1.0 g, 1.97 mmol), fresh distilled alkyl halide (12 mmol), potas-
sium iodide (0.66 g, 4 mmol), in dry acetonitrile (10 ml), was
heated at 70°C for 48 h. The mixture was then concentrated by ro-
tary evaporator and ethyl acetate (20 ml) was added to the residue.
After stirring for 10 min, the precipitated product was filtered,
washed with ethyl acetate (3x20 ml) and dried in vacuo to give the
products 6b-d. Data for 1,1'-Dimethyl-3,3'-{[4-(2,6-diyl-4-0x0-
4H-pyran)diphenyl]dimethyl}-dibenzimidazolium diiodide 6b,
Yellow solid, 74% yield; mp 198-200 °C. FT-IR (KBr), v: 3046,
2996, 1644 (pyrone C=0), 1604, 1566, 1456, 1259, 947 cm™; 'H
NMR (400 MHz, DMSO-ds), 3: 4.12 (6H, s, N-CH3), 5.89 (4H, s,
CH>-N), 7.05 (2H, s, pyrone-H), 7.63-7.72 [8H, m, (4H, aryl-H),
(4H, H-5,6 benzimidazolim)], 7.93 (2H, d, J=8.0 Hz, H-7 benzimi-
dazolim), 8.05-8.09 [6H, m, (4H, aryl-H), (2H, H-4 benzimida-
zolim)], 9.88 (2H, s, H-2 benzimidazolium) ppm; **C NMR (400
MHz, DMSO-dg), &: 33.5, 49.3, 111.4, 113.6, 113.9, 126.7, 126.8,
128.9, 130.7, 131.2, 132.1, 137.4, 143.2, 162.0, 179.0 (pyrone
C=0) ppm; F Elemental analysis: calculated for CssHsol2N4O,, C
53.05, H 3.79, N 7.07; found, C 53.32, H 3.63, N 6.76.
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