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Carbohydrate-based novel bis(ammonium) chiral ionic liquids have been synthesized by following a straightforward protocol using isomannide
as the substrate. Their applications in chiral discrimination and optical resolution of racemates have been established.

lonic liguids (ILs) have shown tremendous applications in metric synthesi8,stereoselective polymerizatidrghroma-
modern organic chemistry due to their inimitable physical tography? liquid crystals? and chiral resolution and as NMR
and chemical properties, which allow them to enhance the shift reagent$.The studies so far reveal the prospective of
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from easily available sources, especially from biorenewable sulfonyl chloride using pyridine as base to give the monotosyl
sources. derivative2 as the major and ditosy! derivatidas the minor
Isosorbide and isomannide are renewable, inexpensive, angproduct. Because the two hydroxyl groups and also the two
commercially available chiral carbohydrates derived by heterocyclic rings of isomannide are cis-oriented (Scheme
dehydration of glucose derivatives sorbitol and mannitol, 1) formation of the ditosyl derivative is sterically unfavorable
respectively, which are major components of corn oil and
obtained as byproducts of the starch industry. Major appli-
cations of these_compouno!s are in the polymer, cosmetic, Scheme 1. Synthesis of Bis(ammonium) CILs from
and pharmaceutical industries. They are used as monomers Isomannide
for the synthesis of biodegradable and highpolymer$ oH o
and as starting materials for pharmaceutically important gﬂ
compounds including vasodilatét$ and Xa-inhibitor$e
Their catalytic utilities as chiral ligands or as phase transfer O
catalysts have also been reported in a variety of important
reactions such as alkylatio#sDiels—Alder reactions} and
asymmetric hydrogenatiods,etc. Nevertheless, very few
studies have investigated their synthetic utility as valuable

TsCl, Pyridine
CH.Cl,12 h, rt

chiral pool compound® ;. OH
Recently, in a continuation of our efforts in the production

and applications of new CILs from readily available natural PhCH,. T3
. . . . . . 2~

chiral auxilaries’ we have used isomannide for the synthesis Ny

. . CH; = Mel, K,CO;4 =z
of a series of monoammonium CILs. In that approach, one O CH.CN, t
of the hydroxyl groups of isomannide was protected as the H— o+
ethyl ether and the other hydroxyl was converted to an A ’j(,,CH3 H %

. . . . . . . - N\
ammonium salt in combination with different anions to form 2 CH;CHZPh 4 | CHpPh
a series of ClLs (Figure 1). These ClLs were utilized for 5

anion metathesis:
AgX, H,0, 80 °C 6; X = (CF3S0,),N 9; X = BF,,
CHy 7, X =PFq 10; X = CF3S0,
PhCH T, 8; X = CF3C00
EtQ chz 4
d X = (CF,SO,),N, PF,, ;
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ot CF,S0, 0 27, Oy
i S
/N+ CH, CHaPh
X.

Figure 1. Monoammonium CILs derived from isomannide.
and obtained only as a minor product even when using an
excess ofp-toulenesulfonyl chloride.
chiral resolution of racemic Mosher's acid and showed The monotosyl derivativé was utilized for the synthesis
remarkable results. This prompted us to synthesize bis-0f monoammonium CILs. The isomannide ditosylateas
(ammonium) CILs by functional group interconversion of reacted with an excess of benzylamine at 180under an
both the hydroxyl groups of isomannide to ammonium salts. atmosphere of nitrogen to get the bis-secondary ardine
p-Isomannide, also known asR#R 5R,8R)-2,6-dioxabicyclo- (Scheme 1). It is essential to use benzylamine in excess, so
[3.3.0]octan-4,8-diol 1) was first tosylated withp-toulene- that it is sufficient for the substitution reaction as well as to
trap the tosylate. Also, on the basis of literature repbrts,

(8) (a) Kricheldorf, H. R.; Gomourachvili, ZVacromol. Chem. Phys it is important to carry out the reaction above Xé5to avoid
1997 198 3149. (b) Adelman, D. J.; Charbonneau, L. F.; Ung, S. United  chances of incomplete substitution and the possibility of
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Wiesner, M.; Raddatz, P.; Goodman, S.Tletrahedron1999 55, 10713. where bOth amm(_) groups are p_omtmg dqwnward'_ The
(10) Kumar, S.; Ramachandran, Oetrahedror2005 61, 4141. guaternization of bis-secondary amievas carried out with
(11) De Coster, G.; Vandyck, K.; Van der Eycken, E.; Van der Eycken, methyl iodide to get the bis(ammonium iodid&) The

J.; Elseviers, M.; Roperb, Hletrahedron: Asymmetrg002 13, 1673. . .
(12) Carcedo, C.; Dervisi, A.; Fallis, I. A.; Ooi, L.; Abdul Malik, k. M. Structure and stereochemistry Sfwere established bjH

Chem. Commur2004 1236. and®*C NMR spectroscopy and further confirmed by X-ray

(13) (a) Cera, V.; Mazzini, C.; Paolucci, C.; Pollicino, S.; Fava,JA. ; ; ; ; [T
Org. Chem1993 58 4567, (b) Chao. Q.: Zhang, J.: Pickering, L.- Jahnke, Studies (Figure 2). The bis(ammonium iodideyvas used
T. S.; Nair, V.Tetrahedronl998 54, 3113. (c) Loupy, A.; Mountex, D. A.
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Figure 2. X-ray structure of the cationic part of compoubd j J ]&
— .
for anion exchange reactions in an aqueous medium to obtain -71.10 70.95 -71.00 -71.05

other chiral salts with different anions. The solubility of Figure 3. 19F NMR (282.4 MHz) signals of Cfof saltA (a) and
iodide salt5 is low in water at room temperature, and the saltA in the presence of 1 equiv of CI6 (b).

reactions were, therefore, carried out at ®D Thus, the
desired bis(ammonium) CIL5—10 have been synthesized
following a simple protocol involving functional group
interconversions followed by anion exchange (Scheme 1).
The melting point comparison of all these bis(ammonium)
ClILs is mentioned in Table 1. As reported in the literatttre,

enhanced [Figure 3, spectrum (b)]. Similar experiments were
carried out in the presence of 4 equiv of each of the CILs,
and the results are summarized in Table 2. As expected, the

Table 2. EnhancedAd Values of CF Signals of Racemic

_ Mosher’s Carboxylate of Sak in the Presence of 4 equiv of

Table 1. Melting Points of Bis(ammonium) CILs ClLs
entry CIL anion mp (°C) entry CILs CIL anions AS (Hz)»
1 5 [1] 190 1 5 [1] 9
2 6 [TfaN] 60 2 6 [TfeN] 23
3 7 [PFe] 251 3 7 [PFs] 21
4 8 [TFA] 65 4 8 [TFA] 8
5 9 [BF4] 240 5 9 [BF4] 17
6 10 [TfO] 75 6 10 [TfO] 15

a Recorded by'F NMR at 282.4 MHz.

the nature of the anions was found to have a profound effect
on the melting points. The CILs with [¥], [TFA], and anions of CILs were found to have a profound effect on the
[TfO] anions have low melting points due to delocalization chiral discrimination ability as indicated by the enhancement
of Charge through the-S\'-S' O—C—O, and O—S()Z core, in the chemical shift diSperSion (Table 2)
respectively. This delocalization results in a decreased_
Coulombic interaction between the cation and the anion
compared to the salts with more localized anion charges, 5,
such as the [l], [P§, and [BF].

After their successful synthesis, the chiral recognition 25
ability of these new CILs was tested by investigating the

diastereomeric interaction between the CILs and racemic 29
Mosher’s acid silver salt. The iodide s&ltvas mixed with ’g 18
racemic Mosher’s acid silver salt in GON, and the resulting =

solution containing Mosher’s acid chiral ammonium galt < 4

was measured b¥F NMR spectroscopy. High splitting of

the CR signal [Figure 3, spectrum (a)] shows an excellent 5
diastereomeric interaction between Mosher’s carboxylate and

the biS(ammoniUm) cation. When the same NMR solution 00 0.05 0I.1 0"15 02 025 0.3 0135 0I'4 0"45 05
was mixed with 1 equiv of CIL6, the splitting was further CIL concn (mol/L)

(15) (a) Kim, K.: Lang, C. M.; Kohl, P. AJ. Electrochem. So@005 Figure 4. Concentration effect of Cll6 on the chemical shift of

152, E56. (b) Pringle, J. M.; Golding, J.; Baranyai, K.; Forsyth, C. M.; the CRk signal (*F NMR, 282.4 MHz) of racemic Mosher's
Deacon, G. B.; Scotta, J. L.; MacFarlanea, DNew J. Chem2003 27, carboxylate.
1504.
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Figure 5. Determination of ee values of Mosher’s carboxylate with
(RIS = 1:6 (a); 1:3 (b); and 1:2 (c) using CI&

The concentration effect of CIb on the chemical shift
difference of two diastereomerie CF; groups was also
studied (as indicated by th®d values) and is demonstrate
in Figure 4. Interestingly, the increase in thé values with
increased CIL concentration reaches a saturation point with
2 equiv (0.076 mol/L) of6. Further increase in CIL6

d

3908

concentration results in a gradual decrease in Signal
splitting (Figure 4).

Due to its high chiral discrimination ability, CI6 was
then utilized in determination of the ee values of three
different enantiomerically enriched mixtures of Mosher’'s
carboxylate with approximatel®g/S = 1:6 (Figure 5a), 1:3
(Figure 5b), and 1:2 (Figure 5c), which were prepared by
mixing the silver salt of racemic Mosher's acid ang-(
Mosher’s acid. The exact amount of enantiomers can easily
be calculated by integration of the €Bignal of each
enantiomer of Mosher’s carboxylate.

In conclusion, we have synthesized a new class of
isomannide-based ClILs. The diastereomeric interactions
between these CILs and racemic substrates during NMR
spectroscopy prove their excellent chiral recognition ability.
The high chemical shift dispersion induced by CILs indicate
their potential applications in optical resolution of racemates,
as chiral shift reagents, and in determining the enantiomeric
excess of enantiomerically enriched carboxylates by NMR
spectroscopy. Further research into applications of these CILs
as reaction media and as a phase transfer catalyst in
asymmetric synthesis is in progress in our laboratory.

Acknowledgment. This work was supported by a US
Department of Energy Laboratory Directed Research and
Development Program at Brookhaven National Laboratory.
The authors would like to thank EMD Chemicals, Inc., for
the generous gift of chemicals for chromatography.

Supporting Information Available: Detailed experi-
mental procecuredH (300 MHz),3C (75.5 MHz), and°F
NMR (282.4 MHz) data, and X-ray data. This material is
available free of charge via the Internet at http://pubs.acs.org.
The X-ray data of compoun®lcan be accessed from http://
www.ccdc.cam.ac.uk (deposition number CCDC 656175).

OL071390Y

Org. Lett, Vol. 9, No. 20, 2007



