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1. Introduction

Hydrogen bonding as one of the weak interactions plays an
important role in life process and molecular assembly [1]. A
hydrogen bond D’ —H%*.. A% (donor-H- - -acceptor) generally
involves a hydrogen atom with partial positive charge and an
acceptor atom with partial negative charge, in which the acceptor
atom usually refers to those electronegative elements such as F, O,
N, Cl, and Br [2]. Although, on the one hand, more electronegative
atoms are easier to form hydrogen bonds, on the other hand, higher
electronegativity will make the atoms less inclined to share their
electrons with a proton. This is the case with covalently bound
halogens which rarely form hydrogen bonds. The great electro-
negativity and low polarizability of organic fluorine renders it a
poorer hydrogen bond acceptor [3]. However, halide anions,
especially fluoride ion, have been demonstrated to be good
hydrogen bond acceptors [4]. For example, difluoride [F-H---F]~
showed a very short F-F distance of 2.25 A and extremely strong
bond energy of 39 kcal mol~! [5]

In most cases, hydrocarbon compounds are weak hydrogen
bond donors. However, the hybridization state of the central
carbon and the substituents attached to it, to a great extent, will
affect its ability to form hydrogen bond. Generally speaking, the
proton-donating ability decreases as the carbon hybridization
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changes from sp to sp? to sp> [6]. Therefore, C(sp>)-H is a very weak
hydrogen bond donor. Just because of this, formation of hydrogen
bond between C(sp>)-H and fluoride anion is not easy in spite of
the strong proton acceptor ability of fluoride ion. During our
ongoing interest in the chemistry of ionic salts [7], an effective
synthesis of the dialkylimidazolium fluoride was achieved with the
accidental observation of weak interaction between C(sp®)-H and
F~ based on single crystal X-ray diffraction analysis.

2. Results and discussion

Different from other imidazolium halides which could be
obtained readily by the quaternization of N-alkylimidazoles with
alkyl halides, imidazolium fluorides can not be similarly synthe-
sized because of the strong C-F bond in alkyl fluoride. To date, the
only imidazolium fluoride, 1-butyl-3-methylimidazolium fluoride,
was obtained as a decomposition product during purification of the
ionic liquid 1-butyl-3-methylimidazolium hexafluorophosphate
[8]. Fortunately, dialkylimidazolium fluorides were successfully
synthesized by the reaction of silver fluoride with the correspond-
ing imidazolium iodides (Scheme 1). 1,3-Dimethylimidazolium
fluoride was obtained as a white solid, whose structure was
unambiguously assigned by single crystal X-ray diffraction
analysis (Fig. 1) [9].

It shows that there are three water molecules, two fluoride
anions and two dimethylimidazolium cations almost parallel to
each other in a unit cell. The complicated hydrogen bonding
framework exists among the cations, anions and water molecules,
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Fig. 1. Single crystal X-ray structure of 2a.

which constructs the three dimensional structure (Fig. 2). The
hydrogen bonding interactions in the crystal are list in Table 1. It
can be seen that the shortest F. - -H distance is from F~ to the acidic
C(2)-H (sp?-hybridized C-H) of one imidazolium ring (1.92 A),
which is shorter than the shortest F---H distance in 1-butyl-3-
methylimidazolium fluoride (1.96(2) A). The observed distance
between fluoride anion and C(sp?)-H on the imidazolium ring is
1.92 A for C(2)-H---F(2), 2.04A for C(12)-H---F(1), 2.20 A for
C(14)-H- - -F(1) and 2.20 A for C(15)-H- - -F(2). The increase in the

Fig. 2. Molecular packing diagram of 2a.

bond length of D-H---A corresponds to the decrease in proton
donating ability of the C-H group.

In spite of the poor ability of a C(sp®)-H group as proton donors
in hydrogen bonding, under relatively few specific circumstances,
short C(sp®)-H. - -F contacts was observed. Grushin and Marshall
have reported very short C(sp)-H- - -F distance, which could be as
low as 2.083 A [10]. We have also investigated the C(sp®)-H- - -F
interaction in the crystal structure of 1,3-dimethylimidazolium
fluoride. And it was observed that the bond length is 2.53 A for
C(17)-H- - -F(2) and 2.57 A for C(7)-H. - -F(1), slightly less than the
sum of the van der Waals radii of hydrogen (1.20 A) and fluorine
(1.47 A) [11]. These data suggests the weak C(sp?)-H- - -F interac-
tion and the possibility of the existence of hydrogen bond between
fluoride anion and C(sp®)-H. As for other dialkylimidazolium
fluorides, our attempts to obtain single crystals failed mainly
because of their lower melting points.

3. Conclusion

In summary, 1-alkyl-3-methylimidazolium fluorides have been
efficiently synthesized. Weak interactions between fluoride anion

Table 1
Summary of hydrogen bonding interactions.

Entry D-H.--A D-H/A H---AJA D---A/A D-H.--A/deg
1 C(5)-H(5)---0(3) 0.93 227 3.159(4) 160.1
2 C(12)-H(12)---F(1) 0.93 2.04 2.906(3) 154.6
3 C(16)-H(16C)---F(1) 0.96 2.67 3.450(3) 1384
4 0(3)-H(3Y)---F(1) 0.836(19) 1.98(3) 2.735(3) 150(4)
5 C(2)-H(2)-- -F(2)* 0.93 1.92 2.846(3) 1744
6 C(7)-H(7B)---0(2) 0.96 2.67 3.499(4) 144.7
7 C(4)-H(4)---0(2)" 0.93 2.66 3.237(4) 121.1
8 C(16)-H(16A)---0O(3)" 0.96 2.68 3.371(4) 129.7
9 C(16)-H(16B)---0(2)° 0.96 2.60 3.509(4) 157.2

10 0(2)-H(2Y)- - -F(1)¢ 0.834(17) 1.98(2) 2.690(3) 142(3)

11 C(17)-H(17A)---0(1)° 0.96 2.59 3.501(5) 159.1

12 C(12)-H(12)---0(1)* 0.93 2.78 3.535(4) 138.4

13 C(6)-H(6C)---0(1) 0.96 2.54 3.499(4) 178.3

14 C(7)-H(7A)---F(12 0.96 2.57 3.459(4) 153.3

15 O(1)-H(1X)-- -F(1 0.832(19) 1.87(2) 2.680(4) 163(4)

16 O(1)-H(1Y)---F(2)® 0.831(17) 1.864(18) 2.691(3) 172(3)

17 C(15)-H(15)---F(2)¥ 0.93 2.20 3.107(3) 165.1

18 C(14)-H(14)-- -F(1) 0.93 2.20 3.059(4) 153.4

19 C(14)-H(14).--0(2)" 0.93 2.81 3.544(4) 136.6

20 C(17)-H(17B)- - -F(2)! 0.96 2.53 3.415(4) 153.3

21 0(3)-H(3X)-- -F(2y 0.863(17) 1.809(18) 2.658(3) 167(3)

22 0(2)-H(2X)- - -F(2) 0.853(18) 1.88(2) 2.716(4) 166(3)

Symmetry codes: a=—x, —y+1,—z+1; b=—x, —y+1,-z+2;c=—x+1,-y+1,-z+2;d=x—-1,y,z;e=—x+1,y—1/2, —z+3/2; f=x—1,-y+3/2,z—1/2; g=—x+1,y+1/2, —z+ 3/

2; h=—x,y+1/2, —z+3[2;i=—x+1, —y+1, —z+1; j=x, —y+1/2, z+1/2.
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and sp3-hybridized C-H groups were observed as determined by
single crystal X-ray diffraction analysis. From these results, it
seems likely that similar interactions might also be found in other
imidazolium fluorides. Further work is currently being investigat-
ed in our laboratories.

4. Experimental
4.1. General information

All the reagents used were purchased from commercial
sources and used without further purification. 'H, '°F, 3C NMR
spectra were recorded in D,0 on a spectrometer operating at 300,
282 and 75 MHz, respectively. Chemical shifts are reported in
parts per million relative to the appropriate standard: TMS for 'H
and >C NMR spectra and CFCl; for '"F NMR spectra. High
Resolution Mass spectra were recorded on a IonSpec 4.7 Tesla
FTMS instrument. The IR spectra were recorded on a Shimadzu
IR-440 spectrometer.

4.2. General procedure for the synthesis of 1-alkyl-3-
methylimidazolium fluorides

To a stirred solution of 1-alkyl-3-methylimidazolium iodides
(1 mmol) in H,O (10 ml) was added slowly a solution of AgF
(1 mmol) in H,0 (10 ml). After stirring at room temperature for 2 h,
the mixture was filtrated and the water was evaporated under
reduced pressure at room temperature. The crude residue was
dissolved in anhydrous methanol. The subsequent filtration and
the evaporation of the solvent under reduced pressure to give the
corresponding product in quantitative yields.

1,3-Dimethylimidazolium fluoride (2a): "H NMR (300 MHz, D,0)
8 8.61 (s, 1H), 7.37 (s, 2H), 3.85 (s, 6H); '°F NMR (282 MHz, D,0) §
—122.7 (s, 1F); 3C NMR (75 MHz, D,0) § 136.42, 123.22, 35.45; IR
(KBr): v=3400 (br), 1667, 2111, 1577, 1526, 1257, 1175,
622 cm™!; HRMS (El, m/z): calcd for [cation]’, 97.0760; found
97.0763. Anal. calcd for [DMIM]F-1.4H,0: C, 42.48; H, 8.41; N,
19.82. Found: C, 42.53; H, 8.55; N, 19.46.

1-Ethyl-3-methylimidazolium fluoride (2b): 'H NMR (300 MHz,
D,0) 8 8.67 (s, 1H), 7.44 (s, 1H), 7.37 (s, 1H), 4.18 (q,J = 7.4 Hz, 2H),
3.84 (s, 3H), 1.45 (t, J= 7.4 Hz, 3H); '°F NMR (282 MHz, D,0) §
—122.6 (s, 1F); 3C NMR (75 MHz, D,0) § 135.44, 123.25, 121.66,
4455, 35.42, 14.36; IR (KBr): v=3435, 3083, 2057, 1837, 1573,
1458, 1388, 1338, 1227, 1171, 1031, 960, 838, 760, 647,621 cm™!;
HRMS (EI, m/z): calcd for [M]", 130.0906; found 130.0900.

1-Methyl-3-propylimidazolium fluoride (2c): '"H NMR (300 MHz,
D,0) 8 8.69 (s, 1H), 7.45 (s, 1H), 7.41 (s, 1H), 4.13 (t, ] = 7.4 Hz, 2H),
3.87(s, 3H), 1.86 (m, 2H), 0.88 (t, J=7.5Hz, 3H); '°F NMR
(282 MHz, D,0) § —122.7 (s, 1F); 3C NMR (75 MHz, D,0) §
135.88, 123.47, 122.16, 51.00, 35.60, 22.82, 9.81; IR (KBr):
v =3442, 3074, 2967, 2879, 2046, 1836, 1570, 1459, 1230, 1172,
846,751,651, 622 cm~'; HRMS (EI, m/z): calcd for [M]", 144.1063;
found 144.1070.

1-Butyl-3-methylimidazolium fluoride (2d): 'H NMR (300 MHz,
D,0) 6 8.63 (s, 1H), 7.37 (s, 1H), 7.32 (s, 1H), 4.07 (t,] = 7.1 Hz, 2H),
3.77 (s, 3H), 1.71 (m, 2H), 1.17 (m, 2H), 0.77 (t, ] = 7.5 Hz, 3H); '°F
NMR (282 MHz, D,0) § —122.7 (s, 1F); '3C NMR (75 MHz, D,0) §
135.73, 123.38, 122.08, 49.09, 35.51, 31.11, 18.59, 12.54; IR (KBr):
v = 3448, 3082, 2961, 2935, 2874, 2046, 1836, 1743, 1571, 1465,
1378, 1236, 1169, 846, 753, 652, 622 cm™!; HRMS (EI, m/z): calcd
for [cation]", 139.1230; found 139.1237.
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