FULL PAPER

DOI: 10.1002/ejic.200700027

Synthesis of Chiral Imidazolinium Carbene from a Carbohydrate and Its
Rhodium(I) Complex!*
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A chiral imidazolinium salt with two bulky carbohydrate sub-
units, N,N’-1,3-bis(methyl 4,6-O-benzylidene-3-deoxy-u-D-
altropyrano-3-yl)imidazolinium chloride (4), was synthesized
in high yield. Deprotonation of 4 with sodium tert-butoxide
in the presence of [RhCl(COD)], produced NHC-coordinated
rhodium complex 5 along with water adduct 6 to a lesser

extent depending on the moisture content of the reaction
mixture. These compounds were fully characterized by IR,
MS, and 'H and '3C{'H} NMR spectroscopy.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

1. Introduction

Since the isolation and characterization of stable N-het-
erocyclic carbenes (NHCs) by Arduengo in 1991,[' these
compounds have generated considerable interest in catalysis
reactions, both as a transition metal ligand® and directly
as a nucleophilic catalyst.[’] The strong 6-donating charac-
ter of NHCs combined with their poor m-accepting proper-
ties generate metal centers that are electron-rich relative to
the corresponding phosphane-coordinated complexes.
Consequently, these carbene ligands do not appear to disso-
ciate from the metal centers, and their complexes tend to
be highly active in oxidative addition steps.’’] These proper-
ties of NHCs have led to significant improvements in some
reactions that originally used phosphane-coordinated cata-
lysts, such as Ru-catalyzed olefin metathesis!® and Pt-cata-
lyzed olefin hydrosilylation.!”!

Chiral phosphanes have been widely used in asymmetric
catalysis, and the advances achieved have had a significant
impact on both academic and industrial research. It was
therefore a logical extension to similarly modify NHCs with
a chiral moiety.®] An advantage of chiral NHCs is that an
excess of the ligand is not necessary as a result of its low
propensity to dissociate from the metal center. Recently,
high levels of enantiomeric excess were reported in several
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catalysis reactions using chiral NHCs. These reactions in-
clude the iridium-catalyzed asymmetric hydrogenation of
aryl alkenes,” Ru-catalyzed symmetry-breaking olefin me-
tathesis,'% Rh-catalyzed hydrogenation of a,B-unsaturated
esters,l'') and the hydrosilylation of methyl ketones.'?! In
addition to these examples of bidentate NHC ligands, a
monodentate NHC ligand with two bulky chiral [2,2]-para-
cyclophane groups was reported to give excellent enantio-
meric excess in the rhodium-catalyzed enone addition.[!3]
These examples highlight the potential and promise of chi-
ral NHC ligands in asymmetric catalysis. However, when
compared to chiral phosphanes, the field of asymmetric ca-
talysis with chiral NHCs remains in its infancy and further
work in the area, primarily the synthesis of new chiral
NHCs, is well justified.

Carbohydrates are a diverse and widely available source
of chirality. Chiral phosphanes derived from carbohydrates
have been used in the commercial synthesis of optically
pure products; however, there have been no reports of chiral
NHCs prepared from carbohydrates so far. Previously, we
have selectively incorporated diphenylphosphanyl groups
into the C-2 and C-3 positions of a pyrano rings in high
yields through an epoxide ring-opening reaction.!* The re-
sulting chiral phosphanes were found to be versatile ligands
in the coordination of late transition metals!!> and were
successfully applied in nickel-catalyzed asymmetric hydrovi-
nylation reactions.!'® Herein we wish to report the synthesis
of a chiral imidazolinium salt with two bulky subunits de-
rived from D-glucose, as well as the synthesis of a rhodium
complex from the corresponding chiral N-heterocyclic car-
bene ligand.

2. Results and Discussion
Methyl 2,3-anhydro-4,6-O-benzylidene-a-D-mannopyr-
anoside (1) can be easily prepared from D-glucose on a large
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scale, and it is also commercially available (Scheme 1).1!7]

Our initial synthetic approach to the imidazolium salt by
the co-condensation of methyl 3-deoxy-3-amino-4,6-benzyl-
idene-a-p-altropyranoside (2), made from ammonolysis of
epoxide 1,18 with glyoxal and formaldehyde was unsuccess-
ful."! The failure of this approach seemed to result from
the hydrolysis of the protecting groups in 1 and with diffi-
culties in the isolation of the desired product. Therefore, an
alternative route was pursued that used ethane-1,2-diamine
instead of ammonia.

[a] Conditions: i) ethane-1,2-diamine, MeOH, 140 °C; i) NH4Cl, CH(OEt)s, 110 °C.

Scheme 1. Synthesis of an imidazolinium chloride.?.

By raising the reaction temperature to 140 °C, an 86%
yield of diamine 3 was readily obtained. The higher reaction
temperature that was necessary for this reaction was attrib-
uted to the steric hindrance in the reaction of the second
epoxide with the diamine. By heating 3 at 110 °C for 3 h in
neat triethylorthoformate in the presence of NH,4CI, imid-
azolinium salt 4 was produced in 92% yield as a precipitate
upon cooling the reaction mixture. Crude 4 was pure
enough to be used directly in the next step. It is worth not-
ing that when the reaction was conducted with NH4BF,
instead of NH,4CI, which is more frequently used for the
ring-closure of imidazolinium salts,?” several side products
resulted, which made isolation of the desired imidazolium
salt tedious. At the present time, the reason for this is uncer-
tain, but we speculate that NH4,BF, may be unstable at high
temperature and that it may generate trace amounts of acid
that hydrolyze the protecting groups in 1. Compounds 3
and 4 were fully characterized by IR, MS, and 'H and
BC{'H} NMR spectroscopy (see Supporting Information).
The 'H and '*C{'H} NMR spectra of chiral products 3 and
4 are indicative of a C,-symmetric product, and the pres-
ence of only one set of signals also suggests that no racemi-
zation occurred in the synthesis of 4. The signal at 6 =
8.83 ppm in the 'H NMR spectrum of 4 is characteristic of
the NCHN proton in the imidazolinium salt.l?!]

We next examined the coordination properties of the chi-
ral N-heterocyclic carbene generated from 4. Deprotonation
of 4 with sodium fert-butoxide in a THF solution of
[RhCI(COD)], at 45 °C for 48 h afforded NHC-coordinated
Rh complex 5 in 76% yield. The extent of dryness of imid-
azolinium salt 4 was found to be crucial to the yield of 5;
if 4 was not carefully dried with P,Os under vacuum, the
yield of 5 dropped significantly to 20-50%, and the water
adduct of the carbene, compound 6, could be seen at ap-
proximately 20% yield (Scheme 2). The fact that nearly no
2222
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reaction occurred at room temperature suggests that steric
hindrance around the carbene hampered its coordination to
rhodium. This would further suggest that the carbene reac-
tion with water to yield 6 is faster than its complexation to
yield 5, as our observations would indicate. Evidence for a
highly steric environment around rhodium can be seen in
the '"H and '3C{'H} NMR spectrum. The C,-symmetry
seen in 4 disappeared in 5, and in 6 as well. The loss of C,-
symmetry in 6, with its relatively small hydroxy group in
the imidazolidine ring, is indicative of a carbene center sur-
rounded by two bulky chiral substituents. It would be inter-
esting to evaluate the chiral induction ability of the NHC-
coordinated rhodium complex with its two large carbo-
hydrate subunits. The assignments of 5 and 6 are based on
MS and NMR spectroscopic data. The HRMS measure-
ment of 809.2529 [M — CI]* for NHC-coordinated Rh com-
plex 5 is consistent with the calculated value of 809.2520.
A peak at 617 [M + 1]" in the MS of 6 suggests that it is
an H,O adduct of the carbene derived from 4.

OH OH
NN, AN
Ph [e] Ph (o}
[RhCI(COD)], OMe OMe

N
NaOtBu [ ><H
OH
N

[ >—RhCI COD) +
THF
o OMe
Ph Ph
Va W ¢W
OoH
6

Scheme 2. Synthesis of NHC-coordinated Rh! complex.

In conclusion, we have synthesized the first example of a
chiral imidazolinium salt with two bulky carbohydrate sub-
units and its corresponding rhodium complex. The reaction
conditions for the rhodium complex and the NMR signals
suggest that the carbene center is highly encumbered by the
two bulky chiral subunits. Future studies will focus on (1)
the use of rhodium complex 5 in asymmetric catalysis, (2)
the deprotection of 5 to form a polyhydroxy complex as
a potential water-soluble asymmetric catalyst, and (3) the
synthesis of more chiral N-heterocyclic carbenes from
carbohydrates and their corresponding transition-metal
complexes.

3. Experimental Section

General Procedures. All reactions and manipulations involving air-
and/or moisture-sensitive compounds were carried out by using
standard Schlenk techniques under an atmosphere of nitrogen.
NMR spectra were recorded with a BRUKER DRX 400 MHz or
Varian INOVA 400 MHz spectrometer. Chemical shifts are re-
ported in ¢ relative to CDCIl;. High-resolution mass spectra
(HRMS, ESI) were obtained with a Micromass Q-Tof Micro
(Micromass Inc., Manchester, England). THF was distilled from
sodium benzophenone ketyl under an atmosphere of nitrogen. Na-
OrBu was used as received. [RhCI(COD)], and methyl 2,3-anhydro-
4,6-0-benzylidene-a-D-mannopyranoside (1)!'”1 were prepared ac-
cording to the literature methods, respectively.
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N,N'-Bis(methyl 4,6-O-benzylidene-3-deoxy-o-D-altropyrano-3-yl)-
1,2-diaminoethane (3): A mixture of methyl 2,3-anhydro-4,6-O-
benzylidene-a-pD-mannopyranoside (1; 4.1 g, 15.5 mmol) and eth-
ane-1,2-diamine (0.4 g, 6.67 mmol) in methanol (60 mL) was
stirred in an autoclave at 140 °C for 12 h. After cooling the reaction
mixture, the solvent was evaporated, and the residue was purified
by chromatography (3-10% methanol in dichloromethane) to af-
ford the product. Yield: 3.4 g (86%). M.p. 91-93 °C. [a]}) = +112.2
(¢ = 1.0, ethanol). 'TH NMR (400 MHz, CDCl5): 6 = 7.50-7.30 (m,
10 H), 5.47 (s, 2 H), 4.52 (s, 2 H), 4.30-4.25 (m, 2 H), 4.10-4.00
(m, 2 H), 3.95-3.90 (m, 2 H), 3.91 (br.,, 2 H), 3.80-3.70 (m, 2 H),
3.34 (s, 6 H), 3.22 (br., 2 H), 3.10-3.05 (m, 2 H), 2.90-2.85 (m, 2
H), 2.65-2.55 (m, 2 H) ppm. 3C NMR (100 MHz, CDCls): 6 =
137.64 129.06 128.38 (2 C), 126.21 (2 C), 102.05 (2 C), 77.86, 70.80,
69.50, 58.69, 57.10, 55.47, 47.08, 46.11 ppm. IR (KBr): ¥ = 3440,
2907, 1637, 1457, 1380, 1105, 1067, 1044, 974, 755, 670 cm™!. MS
(ES): mlz (%) = 589 (100) [M + 17*.

N,N'-1,3-Bis(methyl 4,6-O-benzylidene-3-deoxy-o-D-altropyrano-3-
yDimidazolinium chloride (4): A mixture of diaminoethane 3 (2.0 g,
3.4 mmol) and NH4CI (0.3 g, 5.6 mmol) in triethylorthoformate
(40 mL) was stirred at 110 °C for 3 h. Upon cooling of the reaction
mixture to room temperature, ashen solids appeared and were col-
lected by filtration and washed with hexane. The solid was dis-
solved in dichloromethane and purified through a short column to
remove excess NH4Cl. Yield: 2.0 g (92%). M.p. 153154 °C. [a]¥ =
+127.9 (¢ = 1.0, ethanol). '"H NMR (400 MHz, CDCls): § = 8.83
(s, 1 H), 7.40-7.15 (m, 10 H), 5.88 (br., 2 H), 5.50 (s, 2 H), 4.57 (s,
2 H), 4.30-4.05 (m, 8 H), 3.90 (br., 2 H), 3.75-3.60 (m, 4 H), 3.10
(s, 6 H), 3.06 (s, 2 H) ppm. 3C NMR (100 MHz, CDCl3): J =
157.29, 136.96, 129.44, 128.45 (2 C), 126.12 (2 C), 102.55, 100.70,
74.51, 69.30, 66.86, 58.66, 58.22, 55.43, 50.09 ppm. IR (KBr): ¥ =
3440, 3257, 2930, 1642, 1459, 1409, 1262, 1138, 1104, 995, 964,
772, 707 cm. MS (ESI): m/z (%) = 599 (100) [M — CI]*.

NHC-Coordinated Rh complex 5: A mixture of dried imidazolinium
salt 4 (1.35 g, 2.15 mmol), [RhCI(COD)], (0.40 g, 0.82 mmol), and
NaOrBu (0.31 g, 3.2 mmol) was stirred in THF (20 mL) at 45 °C
for 48 h. The reaction mixture was filtered through celite, evapo-
rated, and the residue was then purified by silica gel chromatog-
raphy (2% methanol in dichloromethane). Yield: 1.06 g (77%).
M.p. 157-159 °C. 'H NMR (400 MHz, CDCl3): 6 = 7.60-7.20 (m,
11 H), 6.60-6.62 (m, 1 H), 5.80 (br., 1 H), 5.71 (s, 1 H), 5.64 (s, 1
H), 5.05-4.90 (m, 2 H), 4.69 (d, J = 3.2 Hz, 1 H), 4.66 (s, | H),
4.42 (br., 1 H), 4.35-4.25 (m, 3 H), 4.11 (br., 2 H), 4.05-3.98 (m, 1
H), 3.92-3.81 (m, 2 H), 3.80-3.65 (m, 5 H), 3.64-3.55 (m, 2 H),
3.46 (s, 3 H), 3.39 (br, 1 H), 3.27 (s, 3 H), 2.55-2.42 (m, 2 H),
2.35-2.22 (m, 2 H), 2.10-1.98 (m, 2 H), 1.82-1.67 (m, 4 H) ppm.
13C NMR (100 MHz, CDCls): 6 = 137 ppm. 65, 137.42, 129.00,
128.56, 128.40, 128.04, 126.30, 126.01, 102.31, 101.40, 101.21,
74.70, 73.80, 71.67, 70.22, 69.94, 69.04, 68.90, 62.41, 61.72, 59.38,
58.52, 55.48, 55.09, 49.23, 47.41, 34.18, 31.68, 29.96, 27.96. IR
(KBr): ¥ = 3421, 2933, 2875, 1486, 1452, 1378, 1266, 1133, 1112,
1087, 972, 819, 754, 689 cm™!. MS (ESI): m/z (%) = positive 809
(100) [M — CI']; negative 879 (100) [M + CI']. HRMS: calcd. for
C39H;50N,O,0Rh [M — CIJ* 809.2520; found 809.2529.

N,N'-1,3-Bis(methyl 4,6-O-benzylidene-3-deoxy-o-D-altropyrano-3-
yl)-2-hydroxyimidazolidine (6): The compound was isolated as a
side product in the preparation of 5; its yield is around 5-20%
depending on the dryness of imidazolinium salt 4 used. '"H NMR
(400 MHz, CDCl;): 0 = 8.35 (s, 1 H), 7.50-7.30 (m, 10 H), 5.55 (s,
1 H), 5.44 (s, 1 H), 4.65-4.60 (m, 2 H), 4.35-4.25 (m, 2 H), 4.15~
4.10 (m, 2 H), 4.07-4.00 (m, 2 H), 3.95-3.91 (m, 2 H), 3.90-3.77
(m, 4 H), 3.68-3.60 (m, 2 H), 3.51-3.40 (m, 8 H), 3.38-3.10 (m, 3

Eur. J. Inorg. Chem. 2007, 2221-2224

© 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

H) ppm. '3C NMR (100 MHz, CDCLy): § = 165.28, 137.38, 137.07,
129.17, 128.36, 128.29, 126.46, 126.31, 126.08, 102.51, 102.33,
102.03, 101.88, 77.40, 75.80, 69.88, 69.68, 69.49, 69.08, 61.74,
59.55, 58.92, 58.66, 55.60, 55.54, 47.16, 45.51 ppm. IR (KBr): ¥ =
3409, 3257, 2934, 1654, 1455, 1380, 1136, 1107, 1049, 974, 756,
700 cm ', MS (ESI): miz (%) = 617 (20) [M + 1]*.

Supporting Information (see footnote on the first page of this arti-
cle): Full characterization of compounds 3-6.

Acknowledgments

This work was financially supported by the National Natural Sci-
ence Foundation of China (20473089), the National Basic Research
Program of China (2003CB61615803), and Fujian Normal Univer-
sity.

[11 a) A.J. Arduengo I1I, R. L. Harlow, M. Kline, J. Am. Chem.
Soc. 1991, 113, 361; b) A.J. Arduengo I, Acc. Chem. Res.
1999, 32, 913; ¢) W. A. Herrmann, C. Kocher, Angew. Chem.
Int. Ed. Engl 1997, 36, 2162.

[2] a) W. A. Herrmann, Angew. Chem. Int. Ed. 2002, 41, 1290; b)
M. C. Perry, K. Burgess, Tetrahedron: Asymmetry 2003, 14,
951.

[3] D. Enders, T. Balensiefer, Acc. Chem. Res. 2004, 37, 534.

[4] a) J. Huang, H.-J. Schanz, E. D. Stevens, S. P. Nolan, Organo-
metallics 1999, 18, 2370; b) W. A. Herrmann, M. Elison, J. Fi-
scher, C. Kocher, G. R. J. Artus, Angew. Chem. Int. Ed. Engl.
1995, 34, 2371; c¢) P. Bazinet, G. P. A. Yap, D. S. Richeson, J.
Am. Chem. Soc. 2003, 125, 13314.

[5]1 a) H. Yu, J-C. Shi, H. Zhang, P. Yang, X. Wang, Z. Jin, J.
Mol. Catal. A 2006, 250, 15; b) J.-C. Shi, P. Yang, Q. Tong, Y.
Wu, Y. Peng, J Mol. Catal. A 2006, 259, 7; c) J.-C. Shi, X.
Cao, Y. Zheng, L. Jia, Chin. J. Org. Chem. 2007, 27, in press.

[6] a) T. Weskamp, F.J. Kohl, W. Heiringer, D. Gleich, W. A.
Herrmann, Angew. Chem. Int. Ed. 1999, 38, 2416; b) S. Blech-
ert, H. Wakamatsu, Angew. Chem. Int. Ed. 2002, 41, 794; c)
T. M. Trnka, R. H. Grubbs, Acc. Chem. Res. 2001, 34, 18.

[71 1. E. Marko, S. Sterin, O. Buisine, G. Mignani, P. Branlard, B.
Tinant, J.-P. Declercq, Science 2002, 298, 204.

[8] a) W. A. Herrmann, L. J. Goossen, C. Kocher, G. R. J. Artus,
Angew. Chem. Int. Ed. Engl. 1996, 35, 2805; b) D. Enders, H.
Gielen, G. Raabe, J. Runsink, J. H. Teles, Chem. Ber. 1996, 129,
1483; ¢) M. Scholl, S. Ding, C. W. Lee, R. H. Grubbs, Org
Lett. 1999, 1, 953; d) J. Pytkowicz, S. Roland, P. Mangeney, G.
Meyer, A. Jutand, J. Organomet. Chem. 2003, 678, 166; ¢) L. G.
Bonnet, R. E. Douthwaite, B. M. Kariuki, Organometallics
2003, 22, 4187; f) L. G. Bonnet, R. E. Douthwaite, R. Hodg-
son, Organometallics 2003, 22, 4384; g) M. Alcarazo, S. J. Rose-
blade, E. Alonso, R. Fernandez, E. Alvarez, F. J. Lahoz, J. M.
Lassaletta, J Am. Chem. Soc. 2004, 126, 13242,

[91 M. C. Perry, X. Cui, M. T. Powell, D.-R. Hou, J. H. Reibensp-
ies, K. Burgess, J. Am. Chem. Soc. 2003, 125, 113.

[10] A. O. Larsen, W. Leu, C. N. Oberhuber, J. E. Campbell, A. H.
Hoveyda, J Am. Chem. Soc. 2004, 126, 11130.

[11] E. Bappert, G. Helmchen, Synlett 2004, 1789.

[12] W.-L. Duan, M. Shi, G.-B. Rong, Chem. Commun. 2003, 2916.

[13]Y. Ma, C. Song, C. Ma, Z. Sun, Q. Chai, M. B. Andrus, Angew.
Chem. Int. Ed. 2003, 42, 5871.

[14]a) J.-C. Shi, M.-C. Hong, D. Wu, Q. Liu, B. S. Kang, Chem.
Lett. 1995, 685; b) J.-C. Shi, T. Weng, D. Wu, M. C. Hong, Q.
Liu, B. S. Kang, H. Wang, S. Lu, Chin. J. Chem. 1996, 14, 455.

[15]a) J.-C. Shi, H. Chao, W. Fu, S. M. Peng, C.-M. Che, J. Chem.
Soc., Dalton Trans. 2000, 3128; b) J.-C. Shi, C.-H. Yueng, D.
Wu, Q. Liu, B. S. Kang, Organometallics 1999, 18, 3796; c) J.-
C. Shi, X. Huang, D. Wu, Q. Liu, B. S. Kang, Inorg. Chem.
1996, 35, 2742; d) J.-C. Shi, L. Chen, X. Huang, D. Wu, B. S.
Kang, J. Organomet. Chem. 1997, 535, 17; ¢) J.-C. Shi, D. Wu,

2223

www.eurjic.org



FU LL PAPER J.-c. Shi, N. Lei, Q. Tong, Y. Peng, J. Wei, L. Jia

T. Weng, M. C. Hong, Q. Liu, B. S. Kang, J Chem. Soc., Dal-  [19] W. A. Herrmann, L. J. Goossen, C. Kocher, G. R. Artus, An-

ton Trans. 1996, 2911; ) J.-C. Shi, Y. Zheng, D. Wu, X. Huang, gew. Chem. Int. Ed. Engl. 1995, 35, 2805.
Q. Liu, B. S. Kang, Inorg. Chim. Acta 1999, 290, 121. [20] C. C. Scarborough, M. J. W. Grady, 1. A. Guzei, B. A. Gandhi,
[16] G. Francid, F. Faraone, W. Leitner, J. Am. Chem. Soc. 2002, E. E. Bunel, S. S. Stahl, Angew. Chem. Int. Ed. 2005, 44, 2.
124, 736. [21]S. Dastgir, K. S. Coleman, A. R. Cowley, M. L. H. Green, Or-
[17] L. Coodman, J. E. Christensen, J. Org. Chem. 1963, 28, 158. ganometallics 2006, 25, 300.
[18] M. A. Brown, P. J. Cox, R. A. Howie, O. A. Melvinh, O. J. Tay- Received: January 10, 2007
lor, J. L. Wardell, J. Organomet. Chem. 1995, 498, 275. Published Online: April 16, 2007

2224 www.eurjic.org © 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Inorg. Chem. 2007, 2221-2224



