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Abstract—Nine chiral room temperature ionic liquids (RTILs), which contain a chiral moiety and a urea functionality bonded to
a imidazolium ring, have been designed and synthesized. The synthesis of these ionic liquids is concise and practical due to the
commercial availability of the starting materials. These novel RTILs were readily prepared from 1-(3-aminopropyl)imidazole
and amino acid ester derived isocyanates. We envision that these new chiral RTILs can serve as effective reaction media as well
as chiral catalysts, which are presently being investigated in our laboratory.

© 2006 Elsevier Ltd. All rights reserved.

Recently, the interest in using room temperature ionic
liquids (RTILs) as solvents for organic synthesis has
increased dramatically.! Compared to conventional
solvents, RTILs are recyclable, thermally stable over a
very wide temperature range, and some maintain their
liquid state at temperatures as high as 200 °C.% It is
due to this unique combination of properties that they
have become the solvents of choice for green chemistry
and are used for a wide variety of reactions.®> RTILs
consist of cations and anions counterparts; cations are
typically imidazolium or pyridium species and anions
normally include halogen anions, AlX,~, BF,”, PF,~,
CF;S0O,~ or (CF3SO3),N™. The modification of the
structures of the cations or anions of ionic liquids can
result in unique solvent properties that can alter the
outcomes of various reactions, including asymmetric
reactions.

Even though a limited number of chiral RTILs have
been designed and synthesized in an attempt to influence
the outcomes of asymmetric organic reactions,* there
are only a few chiral ionic liquids that can effectively
influence the outcomes of asymmetric reactions.” A
thorough literature review reveals that the design of
existing chiral RTILs is based on modifications of the
ammonium,® pyridinium,’ oxazolinium,’® or thiazolium
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cations.® There are several chiral RTILs in which the
chiral moiety is contained in the anion (I-II)° (Fig. 1),
but the modification of imidazolium cation-derived
RTILs offers extreme promise in the design of chiral
RTILs due to their facile preparation, low melting
points, and relatively favorable viscosity. Shown in Fig-
ure 1 are some imidazole-derived chiral RTILs that have
been used as solvents, they contain chiral moieties
bonded to one or both of the nitrogen atoms on posi-
tions 1 and 3 of the imidazolium cation (III-VII).'° Imi-
dazolium ionic liquids with chirality bonded to the 4
position (VIII)!! and bonded to the 2 position with a
spiro skeleton (IX)'? have also been prepared.

Our recent interest in this field is to design and synthe-
size chiral RTILs that contain the imidazolium moiety,
as well as exhibit the ability to form hydrogen bonds
to reactants and intermediates.!? Urea derivatives have
been used extensively as efficient Lewis-acidic catalysts
for organic transformations due to effective H-bonds
that are formed via the amide hydrogens. Due to the
acidic hydrogens in urea compounds that contain elec-
tron-withdrawing substituents, stable cocrystals with a
variety of proton acceptors, including carbonyl com-
pounds, are readily formed. For example, Maher and
Connon have demonstrated that catalytic amounts of
bis-aryl ureas can be used to accelerate the Baylis—Hill-
man reaction.'* Berkessel et al. have demonstrated that
dynamic kinetic resolution of azlactones by urea-based
organocatalysts with high enantioselectivity is possi-
ble,!> and Jacobsen and co-workers have utilized urea
derivatives as catalysts for a variety of reactions.!® In
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Figure 1. Chiral imidazolium ionic liquids.

this report, we have designed a unique series of chiral
RTILs that contain the imidazolium cation, a chiral
moiety, and also embedded is a urea unit (Scheme 1).
The present design is concise and practical due to the
ready availability and low cost of the starting materials.
This is the first time that the urea unit has been intro-
duced into the imidazolium cation of chiral ionic liquids
in an effort to influence the outcomes of asymmetric
reactions.

As shown in Scheme 1, 1-(3-aminopropyl)imidazole was
treated with substituted (S)-(—)-2-isocynato-3-methyl-
butyrate to yield the desired urea with excellent yields
(95-97%). The alkylation salt formation was carried
out by heating pyridine urea derivatives (S)-4—(S)-6 with
one equivalent of iodomethane at 40 °C in neat for 24 h
to form the imidazolium iodine salts (S)-7—(S)-9 in 96—
99% vyield. The next step of the synthesis involves the
transformation of pyridinium iodide salts to ionic lig-
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(SF1R = iPr (S)-4 R = i-Pr (98%) (S)-7 R = i-Pr (95%)
(S-2R = i-Bu (S)5 R = i-Bu (95%) (S)-8 R = i-Bu (96%)

(S)-3 R= PhCH,

(5)-6 R = PhCH, (97%) (S)9 R = PhCH, (99%)

Scheme 1. Reagents and conditions: (i) CH,Cl,, rt, 24 h; (ii) iodomethane, 40 °C, 20 h.

anion exchange - 3

(S)7 R=i-Pr
(S)8 R=i-Bu

(519 R = PhCH,

iorii

R = i-Pr; (§)-10a (X = BFy), (S)-10b (X= PFg), (S)-10c (X = NTf,)
(yield: 92%) (yield: 94%) (yield: 96%)

R = i-Bu; (S)-11a (X = BF,), (S)-11b (X= PFg), (S)-11¢ (X = NTf,)
(yield: 88%) (yield: 95%) (yield: 97%)

R = PhCHy; (S)-12a (X = BF,),(S)-12b (X= PFg), (S)-12¢ (X = NTf,)
(yield: 92%) (yield: 95%) (yield: 97%)

Scheme 2. Reagents and conditions: (i) KBF,;, MeOH-H,O0, rt, 2 d; (ii) KPF¢ or Tf,NLi, H,O, rt, 1 h.
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uids (S)-10a—(S)-12¢ by anion exchange of (S)-7—(S)-9
with different anions (BF,~, PF,~, (CF3SO;),N™)—
Scheme 2.

Chiral imidazolium tetrafluoroborates (.5)-10a—(S)-12a
were prepared by the treatment of their precursors,
imidazolium iodide (S)-7-(S)-9, with potassium tetra-
fluoroborate in methanol and water at room tempera-
ture for 2days in 88-92% yields after purification.
Chiral imidazolium hexafluorophosphates (.S)-10b—(.S)-
12b were also readily obtained by anion exchange of
imidazolium iodine (S)-7-(S)-9 with potassium hexa-
fluorophosphate in H,O at room temperature for 1h
in 94-95% yields. Similarly, imidazolium bis(trifluoro-
methylsulfonyl)imides (5)-10c—(S)-12¢ were obtained in
96-97% yields (Scheme 2).!7

In summary, we have designed and synthesized nine chi-
ral room temperature imidazolium ionic liquids, which
contain a chiral moiety tethered to a urea functionality.
These novel RTILs can readily be prepared from 1-(3-
aminopropyl)imidazole and amino acid ester derived
isocyanates. The synthesis is concise and practical due
to the commercial availability of the starting materials
and convenient reaction conditions of their synthesis.
We envision that these new chiral RTILs will serve as
effective solvents, as well as chiral catalysts for a variety
of asymmetric reactions, which are currently being
investigated in our laboratories.
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Analytical data: (S)-10a [oc]lz)o —8.2 (¢ 0.74, EtOH); 'H
NMR (300 MHz, CDCl3) 6 9.43 (s, 1H), 7.69 (s, 1H), 7.45
(s, 1H), 6.49 (t, J= 5.7 Hz, 1H), 5.99 (d, J= 5.1 Hz, 1H),
4.50-5.35 (m, 2H), 4.22 (dd, J = 7.8 and 5.1 Hz, 1H), 4.05
(s, 3H), 3.71 (s, 3H), 3.35-3.10 (m, 2H), 2.20-2.00 (m, 3H),
0.99 (d, J=5.1Hz 3H), 097 (d, J=5.1 Hz, 3H); *C
NMR (75 MHz, CDCl;) ¢ 173.9, 158.8, 136.7, 123.6,
122.7, 58.6, 51.9, 47.4, 36.9, 36.0, 30.4, 30.3, 19.3, 18.2; IR
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(neat) v=13306, 1736, 1665, 1552, 1166 cm™'; HRMS
(ESI+) m/z (%) calcd for [C14H25N4O3]+: 297.1927, found:
297.1928. (S)-10b (814 mg, 94%) as a yellow oil; Mg) -8.3
(¢ 0.72, EtOH); 'H NMR (400 MHz, MeOD-dy) 6 8.78 (s,
1H), 7.59 (d, J=2.0 Hz, 1H), 7.51 (d, J=2.0 Hz, 1H),
4.23 (t, J=17.2 Hz, 2H), 4.16 (d, J = 5.2 Hz, 1H), 3.91 (s,
3H), 3.71 (s, 3H), 3.24-3.10 (m, 2H), 2.16-1.98 (m, 3H),
0.95 (d, J=6.8 Hz, 3H), 091 (d, J=6.8 Hz, 3H); '*C
NMR (100 MHz, MeOD-dy) & 174.9, 160.8, 138.0, 124.9,
123.5, 59.8, 52.4, 48.1, 37.2, 36.4, 31.8, 31.7, 19.5, 18.1; IR
(neat) v = 1736, 1642, 1564, 834 cm~!; HRMS (ESI+) m/z
(%) caled for [C14H»sN4O;5]: 297.1927, found: 297.1937;
HRMS (ESI-) m/z (%) caled for [PFg]™: 144.9642, found:
144.9893. (S)-10¢ [o]fy —6.7 (¢ 1.11, EtOH); '"H NMR
(400 MHz, MeOD-d,) & 8.84 (s, 1H), 7.62 (t, J = 2.0 Hz,
1H), 7.54 (t, J = 2.0 Hz, 1H), 4.23 (t, J = 6.8 Hz, 2H), 4.17
(d, J=5.4Hz, 1H), 3.91 (s, 3H), 3.71 (s, 3H), 3.23-3.10
(m, 2H), 2.16-1.98 (m, 3H), 0.95 (d, J = 6.8 Hz, 3H), 0.91
(d, J=6.8 Hz, 3H); *C NMR (100 MHz, MeOD-d,)
174.9, 160.9, 138.1, 125.0, 123.6, 121.2 (q.J = 319.3 Hz),
59.8, 52.4, 48.2, 37.2, 36.5, 31.9, 19.5, 18.1; IR (neat)
v=1738, 1642, 1564, 1187, 1056 cm™'; HRMS (ESI+)
mfz (%) caled for [Ci4HasN4Os]": 297.1927, found:
297.1918; HRMS (ESI-) m/z (%) caled for [N(SO,-
CF3),]7: 279.9173, found: 279.9185. (S)-11a: Yield: 88%;
yellow oil; [a]yy —13.3 (¢ 0.73, EtOH); 'H NMR (400
MHz, MeOD-d,) 6 8.96 (s, 1H), 7.66 (d, J = 1.6 Hz, 1H),
7.58 (d, J = 1.6 Hz, 1H), 4.30-4.25 (m, 3H), 3.94 (s, 3H),
3.71 (s, 3H), 3.25-3.10 (m, 2H), 2.10-2.00 (m, 2H), 1.78—
1.68 (m, 1H), 1.56 (t, J = 7.2 Hz, 2H), 0.95 (d, J = 6.8 Hz,
3H), 0.93 (d, J=6.8 Hz, 3H); *C NMR (100 MHz,
MeOD-dy) 6 176.1, 160.7, 138.2, 125.0, 123.7, 52.9, 52.6,
41.9, 37.2, 36.7, 31.8, 26.0, 23.3, 21.9; IR (neat) v = 2954,
1739, 1659, 1644, 1167 cm™'; HRMS (ESI+) m/z (%) caled
for [C1sHy7N,O5]" 311.2083, found: 311.2078. (S)-11b:
Yield: 85%; yellow solid; [cx}zD —10.2 (¢ 1.03, EtOH); 'H
NMR (400 MHz, MeOD-d,) ¢ 8.83 (s, 1H), 7.64 (d, J =
1.6 Hz, 1H), 7.56 (d, J = 1.6 Hz, 1H), 4.35-4.25 (m, 3H),
3.95 (s, 3H), 3.75 (s, 3H), 3.28-3.12 (m, 2H), 2.15-2.00 (m,
2H), 1.80-1.68 (m, 1H), 1.65-1.50 (m, 2H), 0.99 (d, J =
6.8 Hz, 3H), 0.96 (d, J=6.8 Hz, 3H); '*C NMR (100
MHz, MeOD-d,) 6 176.1, 160.7, 138.1, 124.9, 123.6, 52.9,
52.6, 41.9, 37.2, 36.5, 31.7, 25.9, 23.3, 21.9; IR (neat)
v=1739, 1642, 1169, 835 cm™'; HRMS (ESI+) m/z (%)
caled for [C15H27N4O3]+: 311.2083, found: 311.2081;

HRMS (ESI—) m/z (%) calcd for [PF¢]": 144.9642, found:
144.9668. (S)-11c: Yield: 97%. yellow oil; [u]f)o —10.8 (c
1.14, EtOH); 'H NMR (400 MHz, MeOD-d,) & 8.84 (s,
1H), 7.62 (s, 1H), 7.54 (s, 1H), 4.30-4.20 (m, 3H), 3.91 (s,
3H), 3.71 (s, 3H), 3.24-3.08 (m, 2H), 2.10-1.97 (m, 2H),
1.75-1.65 (m, 1H), 1.63-1.48 (m, 2H), 0.95 (d, J = 6.8 Hz,
3H), 0.93 (d, J=6.8Hz, 3H);'*C NMR (100 MHz,
MeOD-dy) 6 176.1, 160.7, 138.1, 125.0, 123.6, 121.1 (q,
J=318.5Hz), 52.9, 52.6, 41.9, 37.2, 36.5, 31.8, 25.9, 23.3,
21.8; IR (neat) v=1739, 1644, 1563, 1188, 1056 cm™';
HRMS (ESI+) m/z (%) caled for [C,sH7N,O;TH:
311.2083, found: 311.2088; HRMS (ESI-) m/z (%) caled
for [N(SO,CF3),]: 279.9173, found: 279.9189. (S)-12a:
Yield: 92%; yellow oil; [ochz)() —1.3 (¢ 1.30, EtOH); '"H NMR
(400 MHz, MeOD-d,) o 8.88 (s, 1H), 7.61 (s, 1H), 7.54 (s,
1H), 7.30-7.18 (m, 5H), 4.58-4.52 (m, 1H), 4.26-4.12 (m,
2H), 3.91 (s, 3H), 3.70 (s, 3H), 3.15-3.05 (m, 3H), 3.00—
2.92 (m, 1H), 2.04-1.96 (m, 2H); *C NMR (100 MHz,
MeOD-dy) 6 174.6, 160.3, 138.2, 138.1, 130.4, 129.5, 127.9,
124.9, 123.6, 55.9, 52.7, 39.0, 37.1, 36.8, 31.7; IR (neat)
v=13296, 1739, 1664, 1552, 1167 cm~'; HRMS (ESI+)
mfz (%) caled for [CsH,sN4O;]": 345.1927, found:
345.1930. (S)-12b: Yield: 95%; yellow oil; M]z)o 32
(c 0.98, EtOH); 'H NMR (400 MHz, MeOD-dy) ¢ 8.71
(s, 1H), 7.54 (s, 1H), 7.48 (s, 1H), 7.32-7.16 (m, 5H), 4.54
(d, J=28.0 and 5.2 Hz, 1H), 4.20-4.06 (m, 2H), 3.88 (s,
3H), 3.69 (s, 3H), 3.15-3.05 (m, 3H), 2.98-2.90 (m, 1H),
2.02-1.92 (m, 2H); *C NMR (100 MHz, MeOD-d,)
o 174.7, 160.3, 138.2, 130.3, 129.5, 127.9, 124.9, 123.5,
55.8,52.7, 39.0, 37.1, 36.4, 31.7; IR (neat) v = 1739, 1641,
1169, 835cm~'; HRMS (ESI+) m/z (%) caled for
[C1sHasN,O5] 3451927, found: 345.1939; HRMS
(ESI-) m/z (%) caled for [PF¢]™: 144.9642, found:
144.9651. (S)-12¢: Yield: 97%; yellow oil; [o]fy 0.8 (c
1.00, EtOH); 'H NMR (400 MHz, MeOD-d,) 6 8.76 (s,
1H), 7.58-7.48 (m, 2H), 7.32-7.16 (m, 5H), 4.54 (dd,
J=28.0 and 5.2 Hz, 2H), 4.20-4.08 (m, 2H), 3.89 (s, 3H),
3.70 (s, 3H), 3.15-3.05 (m, 3H), 2.98-2.90 (m, 1H), 2.02—
1.94 (m, 2H); '*C NMR (100 MHz, MeOD-d,) 6 174.6,
160.3, 138.1, 131.1, 130.3, 129.5, 127.9, 124.9, 123.4, 121.6
(q, J=1319.3Hz), 55.8, 52.7, 39.0, 37.1, 36.5, 31.7; IR
(neat) v=1740, 1660, 1565, 1188,1056 cm™!; HRMS
(ESI+) m/z (%) caled for [C18H25N4O3]+: 345.1927, found:
345.1922; HRMS (ESI-) m/z (%) caled for
[N(SO,CF3),] : 279.9173, found: 279.9191.
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