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Quaternary onium salts of halides can be efficiently con-
verted into the corresponding quaternary onium salts of vari-
ous anions [NO3

–, BF4
–, PF6

–, CF3SO3
–, CH3SO3

–, ClO4
–, p-

CH3C6H4SO3
–, CF3CO2

–, 2,4-(NO2)2C6H3O–] by treating the

Introduction

A wide variety of applications of quaternary ammonium
salts have been found in modern chemistry.[1] These salts
have drawn attention not only as greener ionic liquid sol-
vents[2] but also as components in catalytic reactions such
as CO2/epoxide coupling[3] or CO2/epoxide copolymeriza-
tion.[4] The properties of ionic liquids, such as solubility and
viscosity, can be tuned through suitable choice of the cat-
ion/anion combination. Some anions are toxicophores that
influence the biological effects of the ionic liquids.[5] Qua-
ternary ammonium salts are typically prepared by SN2 reac-
tion of a neutral amine with an alkyl halide, and hence, the
most common anions in quaternary ammonium salts are
halides. Exchange of the halide anion with another anion
is frequently required. This can be easily carried out by
using the silver salt of the desired anion, but silver com-
plexes are expensive and can cause prohibitive costs for
large-scale preparations. Moreover, the silver halide by-
product cannot be easily converted into a valuable silver
metal or silver reagent. Anion exchange can be inexpen-
sively achieved through salt metathesis by using the alkaline
metal salt of the desired anion, but this approach is success-
ful only in a limited number of situations. The desired prod-
uct should precipitate in water from the water-soluble qua-
ternary ammonium halide after the addition of the alkaline
metal salt of the desired anion.[6] For example, an ionic li-
quid ([bmim]+PF6

–; [bmim]+ = 1-butyl-3-methylimid-
azolium) can be prepared directly from [bmim]+Br– by mix-
ing with NaPF6 in water. Contamination with a certain
amount of halide ions, along with the loss of some product
into the water phase, may be inevitable in this salt metathe-
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onium halide with trimethyl phosphate under neat condition
in the presence of an equivalent amount of conjugate acid of
the desired anion.

sis reaction. Recently, a method using ion-exchange resins
was introduced, but this method may not be feasible for
large-scale synthesis either.[7] In this method, the exchange
is driven by statistics and requires an excess amount of
anions on the stationary resin. To reuse the resin, the halide
ions collected on the resin should be thoroughly rinsed out
by using copious amounts of solution containing the de-
sired anion.

Recently, we developed a very efficient catalyst for CO2/
epoxide copolymerization, a salen-cobalt(III) complex teth-
ered by quaternary ammonium salts [3 in Equation (1)].[8]

A synthetic route for large-scale production of the complex
was also developed (100 kg-scale).[9] The most costly step
in this synthesis is iodide exchange with nitrate anions by
using expensive AgNO3 [i.e., conversion of 1 into 2 in Equa-
tion (1)]. Because the polymer chain grows from the nitrate
anions in 3, a silver atom must be consumed to prepare a
polymer chain. The catalyst activity is very sensitive not
only to the ligand structure[10] but also to the anion of the
quaternary ammonium salt.[11] In particular, the complex
prepared from a ligand bearing halide ions does not show
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any activity, so halide exchange to another active anion is
necessarily demanded. In this work, we report an efficient
method for the conversion of quaternary ammonium hal-
ides into the salts of various anions. The method can be
cost-effectively carried out with reactants under neat condi-
tions on a large scale.

Results and Discussion

The strategy involves treating the quaternary ammonium
halide with trimethyl phosphate. In the reaction, the halide
anion attacks the methyl group of trimethyl phosphate, gen-
erating a fairly stable dimethyl phosphate anion (pKa =
1.54).[12] One byproduct is produced, that is, a volatile halo-
methane, which can be easily removed with weak N2 purg-
ing. Trimethyl phosphate is an inexpensive chemical avail-
able in large quantities. Similarly, it was reported that the
hydroxide anion in tetrabutylammonium hydroxide attacks
trimethyl phosphate at 100 °C to produce methanol, gener-
ating a dimethyl phosphate anion.[13] The generated di-
methyl phosphate anion can be converted into other desired
anions through the addition of the conjugate acid of the
desired anion. Contrary to expectation, the reaction be-
tween quaternary ammonium iodide 1 and trimethyl phos-
phate is sluggish. When a homogeneous solution of 1 in
trimethyl phosphate (1:4 ratio by weight, 1:25 ratio by mol)
is heated under neat conditions at 60 °C for 15 h under
weak N2 purging, the reaction does not go to completion.
Addition of an aliquot of the reaction mixture into a solu-
tion of AgNO3 in methanol gives rise to white AgI precipi-
tates, indicating the presence of iodide anions in the reac-
tion pot. When the reaction temperature is increased to
100 °C, all of the iodide anions disappear, but some side
reactions occur. The phenol moiety is methylated to form
methyl ether.

The strategy is finally realized through the simultaneous
addition of an equivalent amount of HNO3 to the reaction
pot. This addition accelerates the reaction, and all iodide
anions are completely converted into iodomethane even at
60 °C, without any side reactions. The byproduct, iodo-
methane, is volatile (b.p. 42 °C) and is easily removable with
weak N2 purging during the reaction [Equation (2)]. No so-
lid precipitates when an aliquot of the reaction pot, taken
after 15 h of the reaction at 60 °C, is added to a AgNO3

solution in methanol. The action of nitric acid enhances the
electrophilicity of trimethyl phosphate, enabling nucleo-
philic attack by the iodide anion even at a low temperature
of 60 °C. Because nitric acid is a stronger acid (pKa = –1.3)
than dimethyl phosphoric acid (pKa = 1.54), the nitrate
anion can directly counter the quaternary ammonium cat-
ion with the formation of dimethyl phosphoric acid [HOP-
(O)(OMe)2] as a byproduct. The reaction is carried out with
the reactants of 1 and trimethyl phosphate in 1:1 ratio by
weight under neat conditions without any additional sol-
vent. The byproduct, dimethyl phosphoric acid, remains in
the residue with product 2 even after evacuation at tempera-
tures as high as 100 °C. An equivalent amount of dimethyl
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phosphoric acid can be detected in the 1H NMR spectrum.
It can be completely removed by washing with water after
neutralization with aqueous NH4OH solution. Thus, the re-
action mixture is dissolved in CH2Cl2 (5 mL per gram of 1)
and treated with aqueous NH4OH (two molar amount of
1, 3 mL of water solution per gram of 1). By neutralization,
dimethyl phosphoric acid becomes the dimethyl phosphate
anion, which is highly hygroscopic and hence stays com-
pletely in the water phase. However, product 2 stays in both
the CH2Cl2 and water phases in a ratio of approximately
7:3 at this stage. When NaNO3 (two molar amount of 1) is
dissolved in the water phase, the product in the water phase
moves to the CH2Cl2 phase because of the common-ion
effect. Pure 2 can be isolated in an almost quantitative yield
by collecting the CH2Cl2 phase. The catalyst synthesized
from 2 prepared in this way shows exactly the same per-
formance that was shown by the catalyst prepared by using
AgNO3.

Through this strategy, quaternary onium salts of various
anions can be prepared from the corresponding quaternary
onium halide (Table 1). Tetrabutylammonium iodide is al-
most quantitatively converted into tetrabutylammonium ni-
trate under the same conditions and procedures employed
for the preparation of 2 (Table 1, Entry 1). Quaternary am-
monium bromide is a more attractive substrate than the
iodide salt, because it is cheaper and available in larger
quantities. Tetrabutylammonium bromide is also converted
almost quantitatively into tetrabutylammonium nitrate
through this method (Table 1, Entry 2). This method is eas-
ily scalable: tetrabutylammonium nitrate can be prepared
on a 30-g scale in a laboratory by using a 100-mL glass
reactor. Tetrabutylammonium bromide is available in kilo-
gram quantities from Aldrich, but tetrabutylammonium ni-
trate is expensive and sold only in small amounts (10 g).
This method is also applicable to tetrabutylammonium
chloride (Table 1, Entry 3), but tetrabutylammonium chlor-
ide is not an attractive substrate, because it is much more
expensive than tetrabutylammonium bromide. Tetra-
butylammonium salts of various anions [BF4

–, PF6
–,

CF3SO3
–, CH3SO3

–, ClO4
–, p-CH3C6H4SO3

–, CF3CO2
–,

2,4-(NO2)2C6H3O– (2,4-dinitrophenolate)] can be prepared
from tetrabutylammonium bromide by adding various acids
instead of nitric acid [Equation (3); Table 1, Entries 4–11].
The isolated yields are high in all cases (�90%). Complete
conversion was proved in each reaction by a negative
AgNO3 test. In all cases, formation of white AgBr precipi-
tates is not observed at the AgNO3 treatment. The high
quality of each product is proved by 1H, 13C, 17F, and 31P
NMR spectroscopy and elemental analysis. The products
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are off-white-colored solids and the melting points are in
agreement with the reported values. When acetic acid is
used instead of nitric acid, conversion of bromide anions
into bromomethane is accelerated, but the generated di-
methyl phosphate anion is not protonated by acetic acid.
Complete evacuation after the reaction eliminates the added
acetic acid to give the pure tetrabutylammonium salt of the
dimethyl phosphate anion {[Bu4N]+[(MeO)2P(O)O]–} in
high yield (96%). Tetrabutylphosphonium bromide is also
converted into tetrabutylphosphonium salts of various
anions without any problems under the same procedure and
conditions (Table 1, Entries 12–14).

Table 1. Conversion of quaternary onium halides into their onium
salts of various anions.[a]

Entry Q+ X– A– Yield M.p.[b]

[%] [°C]

1 Bu4N+ I– NO3
– 96 117–118 (116–118)

2 Bu4N+ Br– NO3
– 95 (98.5[c]) 117–118 (116–118)

3 Bu4N+ Cl– NO3
– 90 117–118 (116–118)

4 Bu4N+ Br– BF4
– 90 161–162 (155–161)

5 Bu4N+ Br– PF6
– 96 246–247 (244–246)

6 Bu4N+ Br– CF3SO3
– 93 111–112 (112–113)

7 Bu4N+ Br– CH3SO3
– 90 76–77 (70–80)

8 Bu4N+ Br– ClO4
– 95 214–215 (211–215)

9 Bu4N+ Br– pTsO– 95 70–71 (70–72)
10 Bu4N+ Br– CF3CO2

– 92 57–58
11 Bu4N+ Br– DNP–[d] 91 101–103
12 Bu4P+ Br– NO3

– 90 71–72
13 Bu4P+ Br– BF4

– 94 95–98 (96–99)
14 Bu4P+ Br– CF3SO3

– 96 107–108
15 bbim+[e] Br– NO3

– 92 liquid
16 bbim+ Br– BF4

– 96 liquid
17 bbim+ Br– CF3SO3

– 91 liquid

[a] Reaction conditions: Q+X– (3.10 mmol), HA (3.10 mmol), tri-
methyl phosphate (37 mmol), 60 °C, 15 h. [b] Values in parentheses
are the ones reported in the Aldrich catalogue. [c] Yield for 30-g
scale synthesis. [d] 2,4-Dinitrophenolate. [e] 1,3-Dibutylimid-
azolium.

When 1-butyl-3-methylimidazolium bromide ([bmim]+-
Br–) is treated with trimethyl phosphate in the presence of
nitric acid, the bromide anions are completely converted
into volatile bromomethane, but the product [bmim]+NO3

–

is highly soluble in water, hampering its isolation through
extraction with dichloromethane. The byproduct, dimethyl
phosphoric acid, cannot be completely removed by evacua-
tion even at a temperature as high as 120 °C. However,
hydrophobic 1,3-dibutylimidazolium ([bbim]+) salts of vari-
ous anions can be prepared from [bbim]+Br– according to
this protocol with high yields (�90%; Table 1, Entries 15–
17). For other hydrophilic quaternary ammonium halides
such as N-butylpyridium bromide or tetraethylammonium
bromide, the reaction with trimethyl phosphate in the pres-
ence of nitric acid is successful, but isolation of the nitrate
salt is impossible because of the high solubility of the prod-
uct in water.
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Conclusions
The halide anion in a quaternary onium salt attacks tri-

methyl phosphate in the presence of an equivalent amount
of strong acid under neat and mild conditions (60 °C, 15 h).
Through this reaction, the halide anion in the quaternary
onium salt can be efficiently exchanged with various anions
[NO3

–, BF4
–, PF6

–, CF3SO3
–, CH3SO3

–, ClO4
–, p-

CH3C6H4SO3
–, CF3CO2

–, 2,4-(NO2)2C6H3O–]. This proto-
col can be applied to large-scale syntheses, allowing for eco-
nomical preparation of key intermediates for a highly active
catalyst for CO2/epoxide copolymerizations.

Experimental Section
Typical Procedure for Conversion of Q+X– into Q+A– (Small Scale):
HA (3.10 mmol) was slowly added to a flask containing trimethyl
phosphate (5.21 g, 37.2 mmol) at 0 °C. Q+X– (3.10 mmol) was
added to this solution with stirring. After the mixture was stirred
at 60 °C for 15 h under weak N2 bubbling, the excess amount of
trimethyl phosphate was removed by vacuum distillation (37 °C/
0.07 Torr). The residue was dissolved in dichloromethane (5 mL)
and 10% aqueous NH4OH solution (3.10 mmol, ≈4 mL) was added
dropwise to make the solution neutral. NaA (3.10 mmol) was dis-
solved in the water phase. The two phases were stirred at room
temperature for 2 h. The organic phase was collected, and the aque-
ous layer was extracted with an additional amount of dichloro-
methane (2 mL). The organic phases were combined, and the sol-
vent was removed with a rotary evaporator. A small amount of
residual trimethyl phosphate was completely removed through
evacuation at 100 °C for 2 h.

Conversion of Bu4N+Br– into Bu4N+NO3
– (30-g Scale): Nitric acid

(69%, 8.50 g, 93.1 mmol) was slowly added to a flask containing
trimethyl phosphate (30.0 g, 214 mmol) at 0 °C. Bu4N+Br– (30.0 g,
93.1 mmol) was added to this solution with stirring. After the mix-
ture was stirred at 60 °C for 15 h under weak N2 bubbling, the
resulting mixture was dissolved in dichloromethane (150 mL) and
10% aqueous NH4OH solution (93.1 mmol, ≈120 mL) was added
dropwise to make the solution neutral. NaNO3 (7.91 g, 93.1 mmol)
was dissolved in the water phase. The two phases were stirred at
room temperature for 2 h. The organic phase was collected, and
the solvent was removed with a rotary evaporator. A small amount
of residual trimethyl phosphate was completely removed through
evacuation at 100 °C for 2 h. The product was an off-white solid
and the yield was 97.4% (27.6 g).

Conversion of 1 into 2: Nitric acid (69%, 2.10 g, 23.0 mmol) was
slowly added to a flask containing trimethyl phosphate (10.0 g,
71.4 mmol) at 0 °C. {3-Methyl-5-[{Bu3N+(CH2)3}2CMe]salicyl-
aldehyde}(I–)2 (1; 10.0 g, 11.5 mmol) was added to this solution
with stirring. After the mixture was stirred at 60 °C for 20 h under
weak N2 bubbling, the resulting oily mixture was dissolved in
dichloromethane (50 mL) and 10 % aqueous NH4OH solution
(23.0 mmol, ≈30 mL) was added dropwise to make the solution
neutral. NaNO3 (1.95 g, 23.0 mmol) was dissolved in the water
phase. The two phases were stirred at room temperature for 2 h.
The organic phase was collected, and the solvent was removed with
a rotary evaporator to obtain a yellowish oil. A small amount of
residual trimethyl phosphate was completely removed through
evacuation at 100 °C for 2 h. The yield was 97% (8.50 g).

Supporting Information (see footnote on the first page of this arti-
cle): Copies of the NMR spectra of new compounds and elemental
analysis data.
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