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Neat reactions of 2,2'-biimidazole with an excess of alkyl or polyfluoroalkyl iodides at 140 °C, followed
by anion exchange with LiIN(SO3;CFj3); or KPFg, gave the diquaternary salts 3a—k in >80% yields.
However, by controlling the reaction stoichiometry, 2,2'-biimidazole can also be monoquaternized
with the same electrophiles at 100 °C under similar conditions. Subsequent metathesis reactions
with LiIN(SO2CFj3)s or KPFg resulted in the ionic liquids 4a—m in high yields. Thermal properties
were determined with a differential scanning calorimeter (DSC) and a thermogravimetric analyzer
(TGA). Most of the monoquaternary salts are room-temperature ionic liquids. 1,3,1'-Tributyl-2,2'-
biimidazolium hexafluorophosphate was demonstrated to be an excellent solvent and ligand for
palladium-catalyzed Suzuki cross-coupling reactions. The catalytic ionic liquid system may be

recycled at least 14 times without a significant decrease in catalytic performance.

Introduction

ITonic liquids are low-melting salts that are nonvolatile,
thermally stable, recyclable, and easy to handle. These
unique physical properties make them attractive replace-
ments for conventional organic solvents in green chem-
istry.! The predominant research into ionic liquids as
reaction media has been focused extensively on homo-
geneous catalysis since ionic liquids have been shown to
be ideal immobilizing agents for various “classical”
transition-metal catalysts.? However, just as with con-
ventional organic solvents, not all ionic liquids are

(1) For recent review, see, for example: (a) Ionic Liquids as Green
Solvents; Rogers, R. D., Seddon, K. R., Eds.; ACS Symposium Series
856; American Chemical Society: Washington, DC, 2003. (b) Ionic
Liquids in Synthesis; Wasserscheid, P., Welton, T., Eds.; Wiley-VCH:
Weinheim, 2003. (c) Forsyth, S. A.; Pringle, J. M.; MacFarlane, D. R.
Aust. J. Chem. 2004, 57, 113—119. (d) Dupont, J.; de Souza, R. F;
Suarez, P. A. Z. Chem. Rev. 2002, 102, 3667—3692. (e) Rogers, S. Chem.
Commun. 2001, 2399—2407. (f) Wasserscheid, P.; Keim, W. Angew.
Chem., Int. Ed. 2000, 39, 3772—3789.
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appropriate for a particular reaction, and a single ionic
liquid will not always be the best for every reaction.? It
continues to be worthwhile to synthesize new ionic liquids
for particular chemical processes even though a large
number of these novel compounds are already known.
As the name implies, ionic liquids are comprised
primarily of cations and anions, and although the mech-
anism is not clear, both play an important role in the
reaction media.* Most of the cations being used are
monoquaternized imidazolium species with only one
quaternization center. However, we were interested in

(2) For example, see: (a) Dyson, P. J.; Ellis, D. J.; Welton, T. Can.
J. Chem. 2001, 79, 705—708. (b) Dyson, P. J.; Ellis, D. J.; Parker, D.
G.; Welton, T. Chem. Commun. 1999, 25—26. (c) Miiller, L. A.; Dupont,
dJ.; de Souza, R. F. Macromol. Rapid Commun. 1998, 19, 409—411. (d)
Stenzel, O.; Raubenheimer, H. G.; Esterhuysen, C. J. Chem. Soc.,
Dalton Trans. 2002, 1132—1138. (e) Handy, S. T.; Zhang, X. Org. Lett.
2001, 3, 233—236.

(3) Boovanahalli, S. K.; Kim, D. W.; Chi, D. Y. J. Org. Chem. 2004,
69, 3340—3344.

(4) Gu, Y.; Shi, F.; Deng, Y. J. Org. Chem. 2004, 69, 391—394.
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continuing our study of such compounds with multiple
quaternary centers. In our previous work, it was found
that 4,4'-bipyridine could be mono- or diquaternized to
form low-melting ionic liquids.? Therefore, we now have
extended our research to 2,2'-biimidazole. A series of bis-
annulated 2,2'-biimidazolium salts and their redox be-
havior and spectroscopic properties have been described.b
Recently, we have reported a monoquaternary 2,2'-
biimidazolium-based ionic liquid and found it to be
extremely effective in catalytic reactions.” Now, in this
paper, we describe fully the syntheses and characteriza-
tion of mono- and diquaternized 2,2'-biimidazoles and
their highly successful application in playing a catalytic
role in Suzuki reactions.

Results and Discussion

2,2'-Biimidazole is an intriguing biaryl molecule which
is prepared from glyoxal and ammonium acetate (Scheme
1).8 Alkylation of 2,2'-biimidazole occurred at N-1 and
N-1' to form 1,1'-dialkyl-2,2'-biimidazoles in high yields.®
The alkylation reactions occurred under mild conditions
by addition of the appropriate iodoalkane in DMF in the
presence of aqueous base.

In compounds 2a—e, there are two basic nitrogen
atoms available to participate in quaternization reac-
tions. These reactions were carried out by heating the
biimidazole with five equivalents of alkyl iodide at 140
°C for 24 h under neat reaction conditions (Scheme 2).
Subsequent metathetical reactions with metal salts, such
as lithium bis(trifluoromethanesulfonyl)amide (LiNTfy)
or potassium hexafluorophosphate (KPFg), led to the
formation of the dicationic ionic salts 3a—k in excellent
yields.

All of these diquaternary ionic salts are hydrolytically
and air stable. Their solubilities are related to the length
of the alkyl chain on the cationic ring, e.g., 3a and 3g
are soluble in water and partially soluble in ethyl acetate
and acetone; 3b and 3h are partially soluble in water,
but soluble in ethyl acetate and acetone. Therefore, not
surprisingly, as the alkyl group on the cation is length-

(5) (a) Singh, R. P.; Shreeve, J. M. Inorg. Chem. 2003, 42, 7416—
7421. (b) Singh, R. P.; Shreeve, J. M. Chem. Commun. 2003, 1366—
1367.

(6) Thummel, R. P.; Goulle, V.; Chen, B. J. Org. Chem. 1989, 54,
3057—-3061.

(7) Xiao, J.-C.; Twamley, B.; Shreeve, J. M. Org. Lett. 2004, 6, 3845—
3847.

(8) Cho, J. R.; Cho, S. G.; Goh, E. M.; Kim, J. K. FR2838440.
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3e (CH,);CH;3 (CH,);CF; NTf 119 331
3f (CH,);CH; CH; NTf, -55(Ty)° 348
3g CH; CH; PFq 117 363
3h CH,CH; CH,CH; PF¢ 256 379
3i (CH,),CH; (CH,),CHj3 PFq 252 320
3j (CH,);CHj; (CH,);CH; PF¢ 163 319
3k (CH,);CH; CH; PFq 75 328

¢ Key: (a) melting point; (b) thermal degradation; (c) glass
transition temperature.

ened, the solubility of the ionic compound in organic
solvents increases while concomitantly decreasing in
H,0.

Melting points or glass transition temperatures deter-
mined by differential scanning calorimeter (DSC) are
given in Scheme 2. The relationship between the struc-
ture and melting point of these diquaternary salts is
clearly observed. On one hand, the anion exhibits a major
influence on the melting point. With constant substitu-
ents on the dication, changing the anion PFs¢~ in 3g—k
to —NTf; in 3a—d and 3f lowers the respective melting
points greatly. On the other hand, comparison of the
melting points of biimidazolium salts containing differ-
ently substituted cations with a constant anion clearly
illustrates the influence of the cation. For example, with
bis(trifluoromethanesulfonyl)amide (NTf;) as the anion,
variation of the alkyl groups from ethyl (3b) to butyl (8d),
the melting points decreased from 189 °C (3b) to 95 °C
(8d). A similar tendency can also be observed from 3h to
3j with PFs~ as the anion. The relatively low melting
points of 3a and 3g are somewhat surprising. Changing
the nonfluorinated butyl chain in 3d to fluorinated
trifluorobutyl in 3e resulted in an increase in the melting
point, but the Ty was essentially not impacted. Further-
more, as can be seen in 3k and 3f, substitution of the
amide ion by PF¢~, moving from an anion where the
negative charge is spread over essentially all of the
elements to one where the charge is nearly a point charge
results in stronger cation/anion interaction and thus a
higher melting point. All of these diquaternary salts are
remarkably thermally stable to 300 °C as determined by
thermogravimetric analysis (TGA).

In the course of preparing the above diquaternary ionic
salts, we observed the formation of monoquaternary
products when the reaction was carried out at 120 °C.
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@ Key: (a) glass transition temperature or melting point; (b)
thermal degradation.

This prompted us to investigate the synthesis of mono-
quaternary 2,2'-biimidazolium-based ionic liquids.

1,1'-Dialkyl-2,2'-biimidazoles 2a—e were monoquater-
nized at N-3 by reaction with stoichiometric quantities
of alkyl iodide under neat reaction conditions at 100 °C
for 24 h (Scheme 3). Subsequent metathesis with LiNTf,
or KPFg resulted in the formation of monoquaternary
ionic liquids 4a—m in high yields.

Thermal properties determined by DSC and TGA are
given in Scheme 3. Generally, the phase-transition tem-
peratures (midpoints of glass transitions and/or melting
points) of these monoquaternary ionic liquids 4a—m are
lower than those for the corresponding diquaternary
compounds 3a—k. Most of these monoquaternary salts
fall into the ionic liquid class of compounds because of
their lower melting points. This is predictable because
the monoquaternary products 4a—m are of lower sym-
metry and would be expected to be more poorly packed
in their crystalline lattices compared with the respective
diquaternary compounds 3a—k. The variation of the
melting point or glass transition temperatures showed a
similar trend to those diquaternary ionic compounds 3a—
k. For example, with PFs~ as the anion, changing the
alkyl group from methyl (4g) to butyl (4j), the phase
transition temperature decreased from +110 to —43 °C.
These monoquaternary ionic liquids are also thermally
and hydrolytically stable.

The application of ionic liquids in organic reactions
focuses on homogeneous catalysis since ionic liquids have
been demonstrated to be ideal immobilizing agents for
various organometallic catalysts.? However, in certain

3074 J. Org. Chem., Vol. 70, No. 8, 2005

Xiao and Shreeve

TABLE 1. Recyclable Suzuki Coupling Reaction in
Ionic Liquid 4j

PACI, (2 mol %)
- >R Ph
R@Br * PRBOH) = ic Tiquid 4]

Na,COj,
5a-e 100°C, 24h 6a-e

a:R=H, b:R=F, c:R=CF; d:R=NO;, e:R=CHs.

entry product (cycle) yield® (%)
1 6a (1) 83 (2) 84 (3) 80
2 6b (4) 86 (5) 86 (6) 85
3 6¢c (7) 85 (8) 90 (9) 88
4 6d (10) 86 (11) 86 (12) 90
5 6e (13) 85 (14) 80 (15) 82

@ Isolated yields.

cases the catalysts are often removed from the catalyst/
ionic liquid solution by polar products, thus leading to
lower recyclability of the catalysts.?d? This is partially
because of the poor coordination abilities of the ordinary
ionic liquids. As a result, some ionic liquids which can
serve as both immobilization solvent and ligand to the
catalyst have been synthesized by introducing functional
groups into the ionic liquid.™ In the monoquaternary 2,2'-
biimidazolium-based ionic liquids 4a—m, the nonquat-
ernized N-4 is a potent coordination center. This is
actually the case, and we have already reported previ-
ously a palladium complex with monoquaternary ionic
liquid 4j, which showed highly successful utility in Heck
reactions.

As with Heck reactions, the Suzuki reaction is a
powerful and general synthetic method for the formation
of C—C bonds.!! Because of the excellent results of this
catalytic ionic liquid system in the Heck reaction, we
were encouraged to investigate further its application to
the Suzuki coupling.

Therefore, we employed the monoquaternary ionic
liquid 4j as both the solvent and ligand. Sodium carbon-
ate, phenylboronic acid and bromobenzene were added
directly to a preformed solution of 2 mol % PdCl; in 4j
(Table 1). Complete formation of the coupled product was
obtained after heating at 100 °C for 24 h. The crude
product was easily separated from the reaction mixture
by simple extraction and decantation with ethyl ether.
Purification of the crude mixture by column chromatog-
raphy on silica gel using hexane as the eluent was
performed to give the desired product, diphenyl 6a, in
83% yield. Then we examined the scope of this reaction
by coupling the phenylboronic acid with the nonactive
chlorobenzene under the same reaction condition. How-
ever, only 15% yield of 6a could be detected from GC—
MS.

(9) (a) Dupont, J.; Silva, S. M.; de Souza, R. F. Catal. Lett. 2001,
77,131—-133. (b) Wasserscheid, P.; Waffenschmidt, H.; Machnitzki, P.;
Kottsieper, K. W.; Stelzer, O. Chem. Commun. 2001, 451—452.

(10) (a) Kottsieper, K. W.; Stelzer, O.; Wasserscheid, P. J. Mol. Catal.
A: Chem. 2001, 175, 285—288. (b) Zhao, D.; Fei, Z.; Scopelliti, R.;
Dyson, P. J. Inorg. Chem. 2004, 43, 2197—2205. (¢) Audic, N.; Clavéier,
H.; Mauduit, M.; Guillemin, J.-C. J. Am. Chem. Soc. 2003, 125, 9248—
9249. (d) Zhao, D.; Fei, Z.; Geldbach, T. J.; Scopelliti, R.; Dyson, P. J.
J. Am. Chem. Soc. 2004, 126, 15876—15882.

(11) For reviews, see: (a) Negishi, E., Ed. Handbook of Organopal-
ladium Chemistry for Organic Synthesis; John Wiley & Sons: New
York, 2002. (b) Miyaura, N.; Suzuki, A. Chem. Rev. 1995, 95, 2457—
2483. (¢) Suzuki, A. J. Organomet. Chem. 1999, 576, 147—168. (d)
Suzuki, A.; Brown, H. C.; Organic Syntheses via Boranes; Aldrich
Chemical Co., Inc.: Milwaukee, WI, 2003; Vol. 3, Suzuki Coupling.
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This catalyst—ionic liquid solution was recovered and
reused with the same substrate. A similarly high yield
was still obtained after two cycles. Then we extended the
reaction to other aryl bromides bearing a range of
electron-donating and -withdrawing substituents (Table
1). In all cases, similar results were obtained for each
substrate. It was gratifying to observe that this catalyst—
ionic liquid solution showed very good recyclability. As
can be seen from Table 1, this catalytic ionic liquid
system still remained active even after being recycled for
14 runs. This likely arises because the catalyst is tightly
complexed with the ionic liquid and therefore not easily
lost during extraction of the product.”

Conclusions

A number of di- and monoquaternized 2,2'-biimidazo-
lium-based ionic liquids, including polyfluoroalkylated,
have been prepared and characterized. Their physical
and thermal stabilities are reported. The majority of the
monoquaternary products are room-temperature ionic
liquids. 1,3,1'-Tributyl-2,2'-biimidazolium hexafluoro-
phosphate, a monoquaternary room temperature ionic
liquid, was demonstrated to be a very efficient and
recyclable solvent for palladium-catalyzed Suzuki cross-
coupling reactions. Derived from its coordination ability,
the monoquaternary ionic liquid markedly avoids pal-
ladium leaching in recycling experiments.

Experimental Section

All the reagents used were purchased from commercial
sources and used without further purification. TLC analysis
was performed with Al-backed plates precoated with silica gel
and examined under UV (254 nm). Flash column chromatog-
raphy was executed on silica gel (60—200 um, 60 A). 'H, ¥F,
and 13C NMR spectra were recorded in CDCls, DMSO-ds, and
CD3sCOCDs operating at 300 MHz. Chemical shifts are re-
ported in parts per million relative to the appropriate stan-
dard: CFClI; for F and TMS for 'H and '*C NMR spectra.
Mass spectra for ionic compounds were determined by inser-
tion using the solid probe. M" is the mass of the cation. IR
spectra were recorded using KBr plates for neat liquids and
KBr pellets for solids. Differential scanning calorimetry (DSC)
measurements were performed using a calorimeter equipped
with an auto-cool accessory and calibrated using indium. The
following procedure was used in experiments for each
sample: cooling from 40 °C to —80 °C and heating to 400 or
500 °C at 10 °C/min. The transition temperature, T,,, was
taken as peak maximum. Onset of decomposition was taken
as when the abnormal section of the plot began. Thermogravi-
metric analysis (TGA) measurements were carried out by
heating samples at 10 °C/min from room temperature to 500
°C in a dynamic nitrogen atmosphere (flow rate = 70 mL/min).
Elemental analyses were carried out commercially.

Synthesis of 2,2'-Biimidazole, 1. This synthesis is a
slightly modified literature procedure.® To a mixture of am-
monium acetate (0.46 mol, 35.4 g) and H20 (6.5 mL) glyoxal
(0.173 mol, 10.0 g) solution (20%) was added dropwise with
vigorous stirring at 40 °C over a period of 3 h. The mixture
was allowed to stir for an additional 5h at room temperature.
The reaction mixture was filtered, and the precipitate was then
washed with HO (3 x 20 mL) and acetone (3 x 20 mL) to
give a crude product. This material was dissolved in 130 mL
of hot ethylene glycol and treated with decolorizing carbon.
After hot filtration, the product precipitated instantly to
provide 3.2 g (42%) of white crystalline 1. 'H NMR (DMSO-
dg) 0: 7.06 (s).

JOC Article

General Procedure for Preparation of 1,1'-Dialkyl-2,2'-
biimidazoles, 2a—e. In a 50 mL flask, 2,2'-biimidazole 1 (7.2
mmol, 0.965 g), 12 mL of DMF and 1.5 mL of 35% aqueous
NaOH were stirred for 1 h. The mixture turned green and then
black after which the appropriate alkyl iodide (21.6 mmol) was
added slowly. The mixture was stirred overnight at room
temperature. The reaction crude was poured into H2O (30 mL)
and extracted with chloroform (3 x 20 mL). The combined
organic layers were washed with H2O (3 x 20 mL) and dried
over NasSO,. After evaporating the solvent, the residue was
chromatographed on silica gel. Elution with CHCly/CoH;OH
(95: 5) afforded the pure product 2a—e.

1,1'-Dimethyl-2,2'-biimidazole, 2a.'? Off-white solid, yield
80%. 'H NMR (CDCl;) 6: 4.00 (s, 6 H), 6.92 (d, J = 1.1 Hz, 2
H), 7.08 (d, J = 1.1 Hz, 2 H). 13C NMR (CDCl3) 6: 35.3, 122.6,
127.8, 138.6. GC—MS (EI): m/z 162 (M*, 100).

1,1'-Diethyl-2,2'-biimidazole, 2b. Off-white solid, yield
85%. 'TH NMR (CDCl;) 6: 1.31 (t,J = 7.2 Hz, 6 H), 4.41 (q, J
= 7.2 Hz, 4 H), 6.94 (s, 2 H), 7.04 (s, 2 H). 13C NMR (CDCl;)
o: 16.3,42.3, 120.3, 127.9, 137.7. GC—MS (EI): m/z 190 (M*,
100). Anal. Caled for C;oH14N4: C, 63.13; H, 7.42; N, 29.45.
Found: C, 63.39; H, 7.33; N, 29.62.

1,1'-Dipropyl-2,2'-biimidazole, 2¢c. Off-white solid, yield
84%. 'H NMR (CDCl) 6: 0.85 (t,J = 7.4 Hz, 6 H), 1.68—1.80
(m, 4 H), 4.38 (t,J = 7.2 Hz, 4 H), 6.96 (d, J = 1.1 Hz, 2 H),
7.08 (d,J = 1.1 Hz, 2 H). 13C NMR (CDCl3) 6: 11.0, 24.3, 48.9,
121.3, 127.9, 138.0. GC—MS (EI): m/z 218 (M, 100). Anal.
Caled for C1oHi1sNy: C, 66.02; H, 8.31; N, 25.67. Found: C,
65.81; H, 8.38; N, 25.75.

1,1'-Dibutyl-2,2'-biimidazole, 2d. Viscous liquid, yield
88%. 'H NMR (CDCl3) 6: 0.81 (t,J = 7.3 Hz, 6 H), 1.20—1.27
(m, 4 H), 1.60—1.69 (m, 4 H), 4.38 (t,/ = 7.2 Hz, 4 H), 6.93 (s,
2 H), 7.04 (s, 2 H). 1*C NMR (CDCly) 6: 13.6, 19.6, 33.1, 47.0,
121.0, 127.9, 138.1. GC—MS (EI): m/z 246 (M*, 100). Anal.
Caled for C14HooNy: C, 68.26; H, 9.00; N, 22.74. Found: C,
68.43; H, 8.87; N, 22.92.

1,1'-Di(4,4,4-trifluorobutyl)-2,2'-biimidazole, 2e. Viscous
liquid, yield 87%. '"H NMR (CDCls) 6: 2.04—2.13 (m, 8 H), 4.58
(t, J = 6.6 Hz, 4 H), 6.95 (s, 2 H), 7.08 (s, 2 H). 3C NMR
(CDCly) o: 23.7 (q, J = 2.9 Hz), 30.8 (q, J = 29.1 Hz), 46.1,
121.2, 127.0 (q, J = 273.8 Hz), 128.3, 137.9. Anal. Calcd for
C14Hi6F¢Ny: C, 47.46; H, 4.55; N, 15.81. Found: C, 47.68; H,
4.52; N, 16.04.

General Procedure for the Synthesis of 3a—k. 1,1’
Dialkyl-2,2'-biimidazole 2 (1 mmol) and R2?I (5 mmol) were
mixed at room temperature in a 6 mL Schlenk tube. After the
sample was cooled to —195 °C, the tube was evacuated and
closed. The reaction mixture was heated at 140 °C for 24 h.
The brown residue was dissolved in a mixture of water and
acetone (1:1, 10 mL) and treated with an aqueous solution of
LiN(SO2CFj3)s (3 mmol) or KPFg (3 mmol). After 6 h, acetone
was removed at reduced pressure. The water layer was
extracted with EtOAc, 3 x 15 mL. The combined organic layer
was washed with water (3 x 15 mL), dried over MgSO4, and
evaporated in vacuo to give 3b—f and 3h—k. Compounds 3a
and 3g are water soluble. Purification was achieved by
recrystallization from water/acetone after metathesis.

1,3,1',3'-Tetramethyl-2,2'-biimidazolium Di[bis(trifluo-
romethanesulfonyl)amidel, 3a. White solid, yield 90%. 'H
NMR (CD3COCDs3) 6: 4.23 (s, 12 H), 8.37 (s, 4 H). 'F NMR
(CD3COCDs3) 6 —79.9 (s, 12 F). 13C NMR (CD3COCD3) 6: 37.6,
120.9 (q, J = 319.3 Hz), 123.1, 129.5. MS (solid probe) (EI):
m/z 177 (M* — CHs, 65). IR (KBr) v: 4149, 3145, 3035, 2384,
2181, 2014, 1936, 1847, 1791, 1571, 1361, 1042, 792, 679, 568,
510 cm~!. Anal. Calcd for Cl4H16F12N603S4: C, 22.34; H, 2.14;
N, 11.17. Found: C, 22.53; H, 2.20; N, 11.31.

1,3,1',3'-Tetraethyl-2,2'-biimidazolium Di[bis(trifluo-
romethanesulfonyl)amidel, 3b. White solid, yield 92%. 'H
NMR (CD3sCOCD3) o: 1.63 (t,J = 7.3 Hz, 12 H), 4.52 (q, J =
7.3 Hz, 8 H), 8.55 (s, 4 H). F NMR (CD3COCD3) 6 —79.9 (s,

(12) Park, S. B.; Alper, H. Org. Lett. 2003, 5, 3209—3212.
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12 F). 3C NMR (CD3COCDs) 6: 15.3,46.6,121.8 (q,J = 319.4
Hz), 124.8, 128.2. MS (solid probe) (EI): m/z 219 (M* — CHs-
CHs, 6). IR (KBr) v: 3447, 3140, 2998, 2589, 2473, 1938, 1561,
1510, 1449, 1352, 1203, 1045, 793, 729, 615, 568 cm™!. Anal.
Caled for CisHo4F12NgOsSys: C, 26.73; H, 2.99; N, 10.39.
Found: C, 26.57; H, 3.01; N, 10.42.
1,3,1',3'-Tetrapropyl-2,2'-biimidazolium Di[bis(trifluo-
romethanesulfonyl)amidel, 3c. White solid, yield 95%. 'H
NMR (CD3sCOCDs) 6: 0.98 (t, J = 7.4 Hz, 12 H), 2.02—2.09
(m, 8 H), 443 (t, J = 7.6 Hz, 8 H), 8.54 (s, 4 H). YF NMR
(CD3COCDs) 8: —79.9 (s, 12 F). 3C NMR (CD3COCD3) 6: 10.7,
23.8, 52.3, 121.0 (q, J = 319.3 Hz), 125.0, 128.4. MS (solid
probe) (EI): m/z 218 (M* — 2 C3H7, 100). IR (KBr) v: 3437,
3144, 2983, 2889, 1562, 1514, 1447, 1350, 1202, 1140, 905, 792,
742, 616, 569, 511 cm’l. Anal. Calcd for 022H32F12NGOSS42 C,
30.56; H, 3.73; N, 9.72. Found: C, 30.31; H, 3.52; N, 9.79.
1,3,1',3'-Tetrabutyl-2,2'-biimidazolium Di[bis(trifluo-
romethanesulfonyl)amidel], 3d. Pale yellow solid, yield 95%.
'H NMR (CD3;COCD3) 6: 0.90 (t,J = 7.5 Hz, 12 H), 1.39 (q, J
= 7.5 Hz, 8 H), 1.99—2.06 (m, 8 H), 4.44 (t, J = 7.8 Hz, 8 H),
8.51 (s, 4 H). °F NMR (CD3COCD3) o: —79.9 (s, 12 F). 13C
NMR (CD3;COCDs) o: 13.7, 20.1, 32.4,51.0, 121.0 (q,J = 319.4
Hz), 125.0, 128.4. MS (solid probe) (EI): m/z 303 (M* — C4Ho,
100). IR (KBr) v: 3142, 2980, 2884, 1563, 1515, 1462, 1347,
1200, 1138, 1060, 795, 738, 617, 570, 511 cm™!. Anal. Calcd
for 026H40F12N508S42 C, 3391, H, 438, N, 9.13. Found: C,
34.15; H, 4.39; N, 9.31.
1,1'-Dibutyl-3,3'-di-(4,4,4-trifluorobutyl)-2,2'-biimidazo-
lium Di[bis(trifluoromethanesulfonyl)amidel, 3e. Brown
solid, yield 96%. 'H NMR (CD3COCDs) 6: 0.91 (t,J = 7.4 Hz,
6H), 1.37—1.45 (m, 4 H), 2.37—2.41 (m, 12 H), 4.48 (t,J = 7.8
Hz, 4 H), 4.64 (t,J = 6.8 Hz, 4 H), 8.57 (d, J = 1.8 Hz, 2 H),
8.63 (d, J = 1.8 Hz, 2 H). F NMR (CD3COCD3) 6: —67.0 (t,
J =10.2 Hz, 6 F), —=79.9 (s, 12 F). 13C NMR (CD3COCD3) 6:
13.6, 20.0, 23.7, 32.5, 49.5, 51.0, 60.5, 120.9 (q, J = 319.1 Hz),
124.8, 127.7 (q, J = 273.7 Hz), 128.8, 129.5. MS (solid probe)
(ED): m/z 411 (M* — C4Hy, 100). IR (KBr) v: 3553, 3143, 2971,
2884, 1663, 1559, 1465, 1347, 1209, 1059, 791, 741, 654, 615,
514 cm™~'. Anal. Caled for CosHs4F1sNgOsS4: C, 30.35; H, 3.33;
N, 8.17. Found: C, 30.68; H, 3.37; N, 8.40.
1,1'-Dibutyl-3,3'-dimethyl-2,2'-biimidazolium Di[bis-
(trifluoromethanesulfonyl)amidel, 3f. Pale yellow liquid,
yield 93%. 'H NMR (CD3;COCD3;) 6 0.90 (t, J = 7.4 Hz, 6 H),
1.34—1.42 (m, 4 H), 1.94—2.03 (m, 4 H), 4.20 (s, 6 H), 4.46 (t,
J=17.7THz,4H),836(d,J=17Hz 2H),844(d,J =1.7Hz,
2 H). YF NMR (CD3;COCD3) 6 —79.9 (s, 12 F). 13C NMR (CDs-
COCDs) 6 13.5, 19.9, 32.4, 37.5, 51.0, 120.8 (q, J = 319.1 Hz),
125.5, 127.7, 130.0. MS (solid probe) (EI) m/z 261 (M — 15,
100). IR (KBr) v: 3551, 3146, 2970, 2882, 1632, 1563, 1512,
1465, 1330, 1192, 1057, 790, 740, 616, 514 cm™'. Anal. Calcd
fOI‘ Con23F12N603842 C, 2871, H, 337, N, 10.04. Found: C,
28.89; H, 3.39; N, 10.27.
1,3,1',3'-Tetramethyl-2,2'-biimidazolium Bis(hexafluo-
rophosphate), 3g. White solid, yield 80%. 'H NMR (CDs-
COCD:s) 6: 4.19 (s, 12 H), 8.31 (s, 4 H). °’F NMR (CD3;COCD3)
0 —T1.2t0—"73.7(d,JJ =707.0 Hz, 12 F). 3C NMR (CD5;COCD3)
0: 37.6,125.9,129.4. 3P NMR (CD3COCD3) 6: —144.25 (sept,
J =1705.4 Hz, 2 P). MS (solid probe) (EI): m/z 177 (M* — CHs,
37). IR (KBr) v: 3161, 3059, 1512, 1442, 1386, 1340, 1241, 873,
750, 685, 556 cm ™. Anal. Calced for C10H16F12N4P2: C, 24.91;
H, 3.34; N, 11.62. Found: C, 24.78; H, 3.19; N, 11.95.
1,3,1',3'-Tetraethyl-2,2'-biimidazolium Bis(hexafluoro-
phosphate), 3h. White solid, yield 83%. '"H NMR (CD3;COCDs)
0: 1.62 (t,J =7.2Hz, 12 H),4.50 (q,J = 7.2 Hz, 8 H), 8.51 (s,
4H). ¥F NMR (CD3COCD3) 6: —71.3 to —73.8 (d, J = 707.0
Hz, 12 F). 13C NMR (CD;COCD3) o: 15.3, 46.5, 124.5, 128.1.
31P NMR (CD3COCD3) 6: —144.24 (sept, J = 705.4 Hz, 2 P).
MS (solid probe) (EI): m/z 190 (M* — 2CyH;, 34). IR (KBr) »:
3147, 2997, 2950, 1668, 1564, 1513, 1470, 1392, 1355, 1287,
1224, 1089, 839, 727, 555 cm™l. Anal. Caled for
Cl4H24F12N4P2: C, 3124, H, 449, N, 10.41. Found: C, 3159,
H, 4.53; N, 10.23.
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1,3,1',3'-Tetrapropyl-2,2'-biimidazolium bis(hexafluo-
rophosphate), 3i. White solid, yield 83%. 'H NMR (CDs-
COCDg3) 0: 0.99 (t, J = 7.4 Hz, 12 H), 2.01-2.05 (m, 8 H),
4.43 (t,J = 7.8 Hz, 8 H), 8.53 (s, 4 H). YF NMR (CD3COCDs)
0: —71.3 to —73.8 (d, J = 706.7 Hz, 12 F). 13C NMR (CDs-
COCDsy) 6: 10.7,23.8,52.3,125.0, 128.4. 3P NMR (CD3;COCDs)
0: —144.20 (sept, J = 705.4 Hz, 2 P). MS (solid probe) (ED):
m/z 261 (M* — C3Hy, 13). IR (KBr) v: 3154, 2981, 2890, 1563,
1504, 1468, 1392, 1265, 1217, 1126, 1020, 833, 773, 557, cm™ 1.
Anal. Calcd fOI‘ C13H32F12N4P21 C, 3637, H, 543, N, 9.43.
Found: C, 36.48; H, 5.44; N, 9.52.

1,3,1',3'-Tetrabutyl-2,2'-biimidazolium Bis(hexafluoro-
phosphate), 3j. White solid, yield 87%. '"H NMR (CD3COCD3)
o0: 0.91 (t,J = 7.4 Hz, 12 H), 1.34—1.46 (m, 8 H), 1.95—-2.06
(m, 8 H), 441 (t, J = 7.7 Hz, 8 H), 8.44 (s, 4 H). YF NMR
(CD3COCDs3) 6: —=71.2 to —73.7 (d, J = 709.5 Hz, 12 F). 13C
NMR (CD3;COCDs) o: 13.7, 20.0, 32.4, 50.8, 124.9, 128.3. MS
(solid probe) (EI): m/z 303 (M — C4Hy, 44). IR (KBr) v: 3644,
3585, 3147, 2966, 2878, 1651, 1561, 1514, 1461, 1382, 1300,
1248, 1207, 1038, 835, 557 cm™!. Anal. Caled for
CQzH40F12N4P22 C, 4062, H, 620, N, 8.61. Found: C, 4088,
H, 6.12; N, 8.77.

1,1'-Dibutyl-3,3'-dimethylbiimidzaolium Bis(hexafluo-
rophosphate), 3k. White solid, yield 84%. 'H NMR (CDs-
COCDg3) 6: 0.89(t,J =7.4Hz,6 H),1.35—-1.42 (m,4 H), 1.94—
2.04 (m, 4 H), 4.16 (s, 6 H), 4.42 (t, J = 7.7 Hz, 4 H), 8.28 (d,
J = 2.0 Hz, 2 H), 8.37 (d, J = 2.0 Hz, 2 H). F NMR (CD3-
COCDs3) 6: —71.1 to —73.6 (d, J = 707.2 Hz, 12 F). 3C NMR
(CDsCOCDg3) 6: 13.6,19.9, 32.4, 37.4, 50.9, 124.2, 127.6, 130.1.
MS (solid probe) (EI): m/z 261 (M* — CHs, 100). IR (KBr) v:
3158, 2968, 2880, 1564, 1512, 1466, 1245, 837, 759, 558 cm™ 1.
Anal. Calcd for 016H28F12N4P22 C, 3393, H, 498, N, 9.89.
Found: C, 33.72; H, 5.12; N, 9.93.

General Procedure for the Preparation of 4a—m. This
synthesis was similar to that for 3a—k except for the ratio of
the reactants and the reaction temperature. A mixture of 2 (1
mmol) with R?I (1 mmol) was heated under neat reaction
conditions at 100 °C for 24 h. The brown residue was dissolved
in a mixture of water and acetone (1:1, 10 mL) and treated
with an aqueous solution of LiN(SO2CF3)2 (1.5 mmol) or KPFg
(1.5 mmol). After 6 h, acetone was removed at reduced
pressure. The water layer was extracted with CHoCls, 3 x 15
mL. The combined organic layer was washed with water (3 x
15 mL), dried by MgSO,, and evaporated in vacuo to give 4a—
m.

1,3,1'-Trimethyl-2,2'-biimidazolium Bis(trifluoromethane-
sulfonyl)amide, 4a. Pale yellow oil, yield 81%. 'H NMR (CDs;-
COCDgy) 0: 3.87 (s, 3H), 3.95(s,6 H), 7.36 (s, 1 H), 7.61 (s, 1
H), 7.95 (s, 2 H). F NMR (CD3COCDs) 6: —79.9 (s, 6 F). 13C
NMR (CDsCOCDs) 6: 34.3, 36.6,121.0 (q, J = 319.4 Hz), 125.6,
126.9, 129.6, 132.2, 137.0. MS (solid probe) (EI): m/z 177 (M,
100). IR (KBr) v: 3584, 3385, 3152, 2972, 1937, 1637, 1611,
1531, 1474, 1418, 1350, 1198, 1141, 1057, 934, 789, 727, 655,
614 cm™ L. Anal. Caled for C1:H13FN504S2: C, 28.89; H, 2.86;
N, 15.31. Found: C, 29.13; H, 2.84; N, 15.58.

1,3,1'-Triethyl-2,2'-biimidazolium Bis(trifluoromethane-
sulfonyl)amide, 4b. Pale yellow oil, yield 85%. 'TH NMR
(CDCl3) 6: 1.40—1.47 (m, 9 H), 3.85—3.94 (m, 2 H), 3.96—4.03
(m, 2 H), 4.16—4.23 (m, 2 H), 7.36 (s, 1 H), 7.38 (s, 1 H), 7.60
(s, 2 H). YF NMR (CDCls) 6: —78.8 (s, 6 F). 13C NMR (CDCl3)
0: 14.9,16.1, 42.4, 44.9, 119.8 (q, J = 319.3 Hz), 123.1, 123.2,
127.2, 132.4, 134.4. MS (solid probe) (EI): m/z 219 (M*, 100).
IR (KBr) v: 3619, 3420, 3146, 2990, 1602, 1512, 1443, 1387,
1352, 1273, 1194, 1140, 1058, 957, 920, 786, 728, 654, 615,
571, 511 em™!. Anal. Caled for C14H19FsN504Ss: C, 33.67; H,
3.83; N, 14.02. Found: C, 33.82; H, 3.83; N, 13.95.

1,3,1'-Tripropyl-2,2'-biimidazolium Bis(trifluoromethane-
sulfonyl)amide, 4c. Pale yellow oil, yield 91%. 'H NMR
(CDCls) 6: 0.84—0.89 (m, 9 H), 1.72—1.87 (m, 6 H), 3.70—3.77
(m, 2 H), 3.83—3.88 (m, 2 H), 4.09—4.18 (m, 2 H), 7.34 (d, J =
1.1 Hz, 1 H),7.37(d,J = 1.1 Hz, 1 H), 7.62 (s, 2 H). °F NMR
(CDCl3) 6: —78.9 (s, 6 F). 13C NMR (CDCl;) 6: 10.5,10.6, 23.1,
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24.0, 48.7, 51.1, 119.8 (q, J = 319.4 Hz), 123.4, 123.5, 127.6,
132.3, 134.8. MS (solid probe) (EI): m/z 218 (M* — C3Hy, 5).
IR (KBr) v: 3616, 3145, 2973, 2943, 2895, 1600, 1510, 1467,
1440, 1352, 1194, 1140, 1058, 910, 788, 740, 616, 571, 513
cm~ L Anal. Caled for C17Hos5FsN504Ss: C, 37.70; H, 4.65; N,
12.93. Found: C, 37.84; H, 4.77; N, 13.15.
1,3,1'-Tributyl-2,2'-biimidazolium Bis(trifluoromethane-
sulfonyl)amide, 4d. Pale yellow oil, yield 86%. 'H NMR
(CDCls) 6: 0.81—0.93 (m, 9 H), 1.20—1.30 (m, 6 H), 1.67—1.80
(m, 6 H), 3.75—3.80 (m, 2 H), 3.85—3.90 (m, 2 H), 4.14—4.18
(m, 2 H),7.34(d,J =10Hz 1H),7.37(,J =1.0 Hz, 1 H),
7.62 (s, 2 H). ¥F NMR (CDCl3) 6: —78.9 (s, 6 F). 3C NMR
(CDCls) o: 13.1, 13.4, 19.3, 19.4, 31.6, 32.7, 47.2, 49.4, 119.8
(q, J = 319.1 Hz), 123.4, 123.6, 127.6, 132.3, 134.7. MS (solid
probe) (EI): m/z 303 (M*, 100). IR (KBr) »: 3613, 3316, 3145,
2965, 2938, 2876, 1600, 1510, 1464, 1352, 1194, 1138, 1058,
919, 740, 654, 571, 511 cm’l. Anal. Caled for Con31F6N504821
C,41.16; H, 5.35; N, 12.00. Found: C, 40.98; H, 5.32; N, 11.89.
1,1'-Dibutyl-3-(4,4,4-trifluorobutyl)-2,2'-biimidazoli-
um Bis(trifluoromethanesulfonyl)amide, 4e. Yellow oil,
yield 81%. 'TH NMR (CDCl3) d: 0.83—0.92 (m, 6 H), 1.23—1.30
(m, 4 H), 1.71-1.83 (m, 4 H), 2.08—2.15 (m, 4 H), 3.72—3.86
(m, 2 H), 3.90—3.95 (m, 2 H), 4.33—4.38 (m, 2 H), 7.34 (d, J =
1.1Hz,1H),739(d,J =1.1Hz,1H),7.61(d,J =2.1Hz 1
H), 7.71 (d, J = 2.1 Hz, 1 H). F NMR (CDCl;) 6: —66.1 (t, J
=99 Hz, 3 F), —78.9 (s, 6F). 3C NMR (CDCl;) 6: 13.1, 13.4,
19.4,22.7, 30.2, 30.6, 31.5, 32.8, 47.2, 48.2, 49.5, 119.7 (q, J =
318.8 Hz), 123.4, 123.7, 123.8, 127.3, 132.5, 134.7. MS (solid
probe) (EI): m/z 357 (M*, 100). IR (KBr) v: 3314, 3145, 2967,
2878, 1510, 1464, 1352, 1254, 1194, 1141, 1058, 785, 740, 654,
615,571, 511 em 1. Anal. Caled for CooH2sF9N504Ss: C, 37.68;
H, 4.43; N, 10.98. Found: C, 37.75; H, 4.45; N, 10.81.
1,1'-Dimethyl-3-(3,3,3-trifluoropropyl)-2,2'-biimidazo-
lium Bis(trifluoromethanesulfonyl)amide, 4f. Yellow oil,
yield 82%. 'TH NMR (CDCl3) 6: 2.95—3.08 (m, 2 H), 3.88 (s, 3
H), 4.01 (s, 3 H), 4.59 (t,J = 7.1 Hz, 2 H), 7.39 (d, J = 1.0 Hz,
1H),7.65(d,J=1.0Hz 1H),8.02(d,J=2.0Hz 1H), 814
(d, J = 2.0 Hz, 1H). YF NMR (CDCl;) 6: —65.9 (t, J = 10.7
Hz, 3 F), —79.9 (s, 6F). 13C NMR (CDCl3) 6: 34.5 (q, J = 29.1
Hz), 34.6, 36.9, 43.8 (q, J = 3.9 Hz), 121.0 (q, J = 319.4 Hz),
125.0,125.9, 127.4,127.6 (q, J = 143.0 Hz), 128.4, 132.2, 135.4.
MS (solid probe) (EI): m/z 259 (M*, 100). IR (KBr) v: 3576,
3148, 1607, 1522, 1466, 1353, 1198, 1142, 1059, 996, 919, 770,
735,616, 513 cm~L. Anal. Calcd for C13H1,F9N504Ss: C, 28.95;
H, 2.62; N, 12.98. Found: C, 29.07, H, 2.51; N, 13.13.
1,3,1'-Trimethyl-2,2'-biimidazolium Hexafluorophos-
phate, 4g. White solid, yield 80%. '"H NMR (CD3;COCDs) 6:3.81
(s,3H), 3.96 (s, 6 H), 7.30 (s, 1 H), 7.44 (s, 1 H), 7.61 (s, 2 H).
YF NMR (CD3COCD3) 6: —71.3 to —73.8 (d, J = 707.0 Hz, 6
F). 3C NMR (CD3COCDs) o: 34.6, 36.6, 125.7, 127.2, 128.9,
131.5, 135.3. 3P NMR (CD3COCDs3) 6: —144.99 (sept, J =
704.7 Hz, 1 P). MS (solid probe) (EI): m/z 177 (M*, 19). IR
(KBr) v: 3173, 2963, 2363, 1609, 1262, 1096, 1022, 799, 725,
557 em™!. Anal. Caled for CoH13F¢N,P: C, 33.55; H, 4.07; N,
17.39. Found: C, 33.81; H, 3.99; N, 17.52.
1,3,1'-Triethyl-2,2'-biimidazolium Hexafluorophosphate,
4h. White solid, yield 83%. '"H NMR (CDCl3) 6: 1.44—1.48 (m,
9 H), 3.88—3.92 (m, 2 H), 3.99—4.06 (m, 2 H), 4.16—4.23 (m, 2
H), 7.35 (s, 1 H), 7.39 (s, 1 H), 7.53 (s, 2 H). F NMR (CDCl;)
0: —72.4to—74.9(d,J =722.2 Hz, 6 F). 13C NMR (CDCl;) 6:
14.9, 16.1, 42.4, 44.9, 121.9, 123.0, 123.1, 127.3, 132.5. 3P
NMR (CDCls) 6: —144.24 (sept, J = 705.4 Hz, 1 P). MS (solid
probe) (EI): m/z 219 (M*, 18). IR (KBr) v: 3100, 1606, 1514,
1444, 1392, 1270, 1225, 1092, 1041, 866, 839, 778, 731, 558,
cm~ 1. Anal. Caled for C1oH19FgN4P: C, 39.57; H, 5.26; N, 15.38.
Found: C, 39.79; H, 5.24; N, 15.45.
1,3,1'-Tripropyl-2,2'-biimidazolium Hexafluorophos-
phate, 4i. Pale yellow viscous liquid, yield 85%. 'H NMR
(CDCl3) 6: 0.81—-0.87 (m, 9 H), 1.70—1.84 (m, 6 H), 3.71—-3.85
(m, 4 H), 4.09—4.13 (m, 2 H), 7.33 (s, 1 H), 7.35 (s, 1 H), 7.60
(s, 2 H). ¥F NMR (CDCl;) 6: —71.4to—73.9(d,J = 711.5 Hz,
6 F). 3C NMR (CDCl;) 6: 10.4, 10.5, 23.2, 23.9, 48.6, 51.0,
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123.3,123.5, 127.5, 132.1, 134.7. 3P NMR (CDCl3) 6: —144.35
(sept, J = 709.1 Hz, 1 P). MS (solid probe) (EI): m/z 175 (M™*
— 2C3H7, 31). IR (KBr) v: 3156, 2970, 2941, 2882, 1600, 1510,
1466, 1262, 1207, 1102, 1022, 840, 773, 558 cm ™. Anal. Caled
for C1sHosF6N4P: C, 44.34; H, 6.20; N, 13.79. Found: C, 44.51;
H, 6.34; N, 13.60.

1,3,1'-Tributyl-2,2'-biimidazolium Hexafluorophos-
phate, 4j. Pale yellow oil, yield 95%. '"H NMR (CD3;COCD3) 6:
0.77-0.87 (m, 9H), 1.19—1.27 (m, 6 H), 1.74—1.84 (m, 6 H),
3.99—4.10 (m, 4 H), 4.26—4.35 (m, 2 H), 7.37(d,J = 1.1 Hz, 1
H), 7.69 (d, J = 1.1 Hz, 1 H), 8.03 (s, 2 H). 9F NMR (CDs-
COCDs) 0: —71.5 to —74.0 (d, J = 707.9 Hz, 6 F). °*C NMR
(CDsCOCDs) o: 13.2, 13.4, 19.3, 19.4, 31.7, 32.7, 47.1, 49.3,
123.4, 123.6, 127.6, 132.1, 134.5. MS (solid probe) (EI): m/z
303 (M*, 72). IR (KBr) v: 3648, 3378, 3154, 2963, 2937, 2874,
1600, 1510, 1464, 1381, 1264, 1133, 840, 762, 558 cm™. Anal.
Calcd for CisHs1FsN4P: C, 48.21; H, 6.97; N, 12.49. Found:
C, 47.94; H, 7.00; N, 12.64.

1,1'-Dibutyl-3-(4,4,4-trifluorobutyl)-2,2'-biimidazoli-
um Hexafluorophosphate, 4k. Pale yellow oil, yield 81%.
H NMR (CDCl3) 6: 0.82—1.93 (m, 6 H), 1.21-1.32 (m, 4 H),
1.71-1.78 (m, 4 H), 2.09—2.15 (m, 4 H), 3.80—3.94 (m, 2 H),
4.14-4.21 (m, 2 H), 4.25-4.33 (m, 2 H), 7.35 (s, 1 H), 7.38 (s,
1H),7.63 (s, 1 H), 7.73 (s, 1 H). *F NMR (CDCl3) 6: —66.0 (t,
J=10.2 Hz, 3 F), =71.2 to —73.7 (d, J = 711.2 Hz, 6 F). 13C
NMR (CDCly) 6: 13.2,13.5,19.4, 19.5, 22.9, 30.3 (q, J = 29.5
Hz), 31.6, 32.8, 47.4, 48.3, 49.6, 121.1 (q, J = 318.2 Hz), 123.5,
123.8,123.9, 127.3, 132.4, 134.9. 3'P NMR (CDCl3) 6: —144.39
(sept, J = 709.1 Hz, 1 P). MS (solid probe) (EI): m/z 357 (M™,
100). IR (KBr) v: 3161, 2963, 2875, 2363, 1510, 1465, 1257,
1143, 1022, 841, 764, 558 cm™!. Anal. Calced for C1sHasFoN4P:
C, 43.03; H, 5.62; N, 11.15. Found: C, 43.21; H, 5.49; N, 11.38.

1,3,1'-Tri-(4,4,4-trifluorobutyl)-2,2"-biimidazolium Hexaflu-
orophosphate, 41, Pale yellow viscous liquid, yield 90%. 'H
NMR (CD3sCOCDs) 6: 2.17—2.33 (m, 12 H), 4.23—4.33 (m, 4
H), 4.50—4.55 (m, 2 H), 7.46 (d,J =1.2Hz, 1 H),7.84 (d, J =
1.2 Hz, 1 H), 8.19 (s, 2 H). F NMR (CD;COCD3) 6: —66.9
(m,9F), —71.3 to —73.8 (d, J = 706.7 Hz, 6 F). 3P NMR (CDs-
COCD3) 6: —144.16 (sept, J = 704.2 Hz, 1 P). MS (solid probe)
(EI): m/z 465 (M™, 100). Anal. Caled for CigHgoF15N4P: C,
35.42; H, 3.63; N, 9.18. Found: C, 35.27; H, 3.59; N, 9.33.

1,1'-Dimethyl-3-(3,3,3-trifluoropropyl)-2,2'-biimidazo-
lium Hexafluorophosphate, 4m. White solid, yield 83%. 'H
NMR (CD3COCD3) 6: 3.01-3.05 (m, 2 H), 3.87 (s, 3 H), 3.99
(s, 3H), 4.54—4.59 (m, 2 H), 7.38 (s, 1 H), 7.64 (s, 1 H), 7.97
(s, 1 H), 8.09 (s, 1 H). YF NMR (CD3;COCDs) 6: —65.9 (t, J =
10.7 Hz, 3 F), —71.2 to —73.7 (d, J = 707.0 Hz, 6 F). °C NMR
(CD3COCDs) 6: 34.3,34.4 (q, J = 29.0 Hz), 36.8, 43.7 (q, J =
3.9 Hz), 124.8, 126.0, 127.3, 127.5 (q, J = 143.2 Hz), 128.4,
132.3, 137.1. MS (solid probe) (EI): m/z 259 (M*, 100). IR (KBr)
v: 3649, 3414, 3165, 2971, 1708, 1608, 1523, 1466, 1414, 1257,
1155, 995, 847, 776, 617, 559 cm™!. Anal. Caled for
C11H14FoN4P: C, 32.69; H, 3.49; N, 13.86. Found: C, 32.84;
H, 3.55; N, 14.01.

General Procedure for the Cross-Coupling Reactions
of Phenylboronic Acid with Aryl Bromides in Ionic
Liquid 4j. To a solution of 4j (4.5 mmol, 2 g) in methanol (8
mL) was added PdCl; (0.04 mmol, 7.1 mg). After 6 h of stirring
at room temperature, removing the methanol in vacuo gave
the catalyst ionic liquid solution. NayCOs (3 mmol, 0.318 g),
aryl bromide 5a—e (2 mmol), and phenylboronic acid (2.5
mmol) were added to the catalyst ionic liquid solution. The
resulting mixture was stirred for 24 h at 100 °C. The product
was extracted from the reaction mixture by addition of ethyl
ether (10 mL), followed by decanting the ethyl ether solution
of the product. This was repeated three times. The combined
organic layer was concentrated by rotary evaporation. The
residue was purified by short-path silica gel column chroma-
tography to give the desired product. The identity of the
products was confirmed by comparison with literature spec-
troscopic data.
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Biphenyl, 6a.'3 White solid. 'TH NMR (CDCl3) 6: 7.33—7.38
(m, 2 H), 7.42—7.47 (m, 4 H), 7.59—-7.62 (m, 4 H). GC—MS
(ED): m/z 154 (M, 100).

4-Fluorobiphenyl, 6b.'* White solid. 'H NMR (CDCl;) 6:
7.08—7.13 (m, 2 H), 7.30—7.35 (m, 1 H), 7.39—7.45 (m, 2 H),
7.50—17.59 (m, 4 H). F NMR (CDCl3) 6: —115.9 (m, 1 F). GC—
MS (EI): m/z 172 (M*, 100).

4-Trifluoromethylbiphenyl, 6¢.'* White solid. '"H NMR
(CDCly) 6: 7.36—7.41 (m, 1 H), 7.43—7.48 (m, 2 H), 7.57—7.59
(m, 2 H), 7.68 (d, J = 0.6 Hz, 4 H). F NMR (CDCly) 6: —62.4
(d, J = 0.6 Hz, 3 F). GC—MS (EI): m/z 222 (M*, 100).

4-Nitrobiphenyl, 6d.!* Pale yellow solid. 'H NMR (CDCls)
: 7.42—7.51 (m, 3 H), 7.59—7.63 (m, 2 H), 7.70—7.75 (m, 2
H), 8.26—8.31 (m, 2 H). GC—MS (EI): m/z 199 (M*, 85).

4-Methylbiphenyl, 6e.'> White solid. 'H NMR (CDCl3) 6:
2.38 (s, 3 H), 7.20—7.24 (m, 2 H), 7.29—7.32 (m, 1 H), 7.38—
7.49 (m, 4 H), 7.55—7.58 (m, 2 H). GC—MS (EI): m/z 168 (M",
100).
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Procedure for the Recycling of Catalyst—Ionic Liquid
Solution After the product was extracted from the reaction
mixture with ethyl ether (3 x 10 mL), the sodium salts were
removed by extraction with HoO (3 x 8 mL). The water layer
was decanted, and the ionic liquid layer was concentrated
under reduced pressure to remove traces of ethyl ether and
water. The resulting liquid was dried in vacuo before the next
cycle.
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