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Abstract—The high-pressure (10 kbar) reaction of 2-methylfuran 1 with alkyl glyoxylates 2, catalyzed by the chiral (Salen)Co(II)
complex 4, afforded the Friedel–Crafts products 3 both in good yield (up to 70%) and enantioselectivity (up to 76% ee).
© 2003 Elsevier Ltd. All rights reserved.

The Friedel–Crafts reaction of aromatic compounds
with aldehydes or ketones is one of the most fundamen-
tal reactions in organic chemistry,1 however, its enan-
tioselective catalytic version is still an unexplored field.2

We have focused our attention on the reaction of
2-substituted furans, e.g. 2-methylfuran 1, with simple
activated carbonyl compounds such as n-butyl 2a and
iso-propyl glyoxylate 2b, leading, under acidic catalytic
conditions, to the chiral furfuryl alcohols of type 3
(Scheme 1),3 providing a broad spectrum of
intermediates4 convenient for further transformation.
The diastereoselective variants of this Friedel–Crafts
reaction were also studied in our laboratory5 and justify
its potential use in the synthesis of natural products.6

Preliminary studies on catalysts for the reaction shown
in Scheme 1 have been performed using various
cationic Salen complexes of transition metals, such

as Ti(IV), Cr(III), Mn(III), Fe(III), Co(III), and
Al(III), under thermal conditions (25°C) to give
mixtures of enantiomers of 37,8 in good yields (60–80%).
Unfortunately, the enantioselectivities were low (<20%
ee). Therefore, we decided to test the much less active,
commercially available cobalt(II) complex 4a (R1=
R2=But) (Fig. 1), employed mainly as a catalyst for
kinetic resolution of epoxides.9

This catalyst promoted the title reaction only moder-
ately (�15% yield), however, the products of type 3
were formed in much better enantioselectivity (>40%
ee). This result prompted us to continue the investiga-
tions using the high-pressure technique.10 The results
are presented in Table 1.

In the presence of the catalyst (R,R)-4a in toluene, the
reaction of 1 and 2 proceeds under atmospheric pres-

Scheme 1.
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Figure 1. (R,R)-(Salen)Co.

Table 2. Influence of the ligand structure in the catalyst
(R,R)-4 on the high-pressure reaction of 1 with 2aa

Catalyst 4 Yield (%) (R)-3:(S)-3Entry

No. R1 R2

4a But1 But 70 82:18
4b But2 Me 60 86:14

82:183 494c HBut

4 83:1738OMeBut4d
4e But5 Br 28 81:19

6 4fb H H 23 24:76
4g H But7 15 27:73
4h Me8 But 30 24:76

9 4ib Ph H 38 19:81

a Conditions: 4—2 mol%, 2a—0.5 mol/L, 1—1.5 equiv., toluene, 10
kbar, 25°C, 20 h.

b Dissolution of the catalyst was incomplete.

sure, but its yield is negligible (Table 1, entry 1). The
increase of pressure clearly accelerates the reaction,
resulting at the same time in an increase of enantiose-
lectivity (entries 2–4). We found that enantioselectivity
was slightly sensitive to the concentration of glyoxylate
2 (entries 4–6) as well as the concentration of the
catalyst (entries 6–11). We observed a clear influence of
the solvent on the enantioselectivity (entries 12–15).
The best result in this series was obtained for the
reaction carried out in toluene (entry 12), whereas the
worst result was obtained in CH2Cl2 (entry 15).

In turn, we decided to study the influence of the ligand
structure of the catalysts (R,R)-4 on the title reaction.
The results are presented in Table 2. The (R)-selectivity
was observed for all complexes having R1=tert-butyl
(Table 2, entries 1–5), whereas R2 practically did not
influence the asymmetric induction. The situation

changed dramatically when the catalyst having the sim-
plest ligand was used (4f, R1=R2=H). In this case, the
direction of the induction was reversed, leading to
(S)-selectivity (entry 6). This tendency was confirmed
for three other catalysts having R1 other than tert-butyl
(entries 7–9). In all these cases, the inductions were only
slightly lower than the previous ones (compare entries
1–5 and 6–9).

Our results present the first example of the enantioselec-
tive Friedel–Crafts reaction catalyzed by Salen-type
complexes, and open an efficient and economic route to
optically active furfuryl alkohols being exceptionally
convenient precursors for many natural products,
including carbohydrates. At this stage, the rationaliza-
tion of these results is very difficult.

Table 1. Results of the reaction of 2a or 2b with 1 in the presence of 4aa

Glyoxylate 2 (R)-3:(S)-3b E.e. (%)Entry Catalyst 4a (mol%) Yield (%)Pressure (bar)Solvent

(mol/L)R

Bun 0.25 51 Toluene 1 15 72:28 44
2 74:26686000Toluene50.25Bun 48

8000Toluene50.25 70Bun3 76:24 52
4 Bun 0.25 5 Toluene 10000 70 86:14 72

10000Toluene50.1 76Bun5 88:1247
Bun 0.5 5 Toluene6 10000 69 83:17 66

Toluene20.5Bun 627 81:197010000
Bun8 1 Toluene0.5 10000 33 78:22 56

10000Bun 31 71:29 420.5 0.5 Toluene9
Toluene 10000 28 69:31 3810 Bun 0.5 0.1
Toluene 10000 68 82:18 6411 Bun 0.5 10

6080:205010000Toluene12 50.5Pri

ButOMe 10000 41 69:31 3813 Pri 0.5 5
10000MeCN50.5Pri14 1457:4354

515 0.5 452:486710000CH2Cl2Pri

a Other conditions: 25°C, 20 h.
b Enantiomeric excess of 3a and 3b was determined by gas chromatography on a capillary chiral column �-dex 120 (permethyl-�-cyclodextrin, 30

m×0.25 mm I.D. Supelco, Bellefonte, USA). Chromatography conditions: carrier gas—argon, 100 kPa; injection temp. 200°C; detector temp.
250°C.
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10. General procedure for the high-pressure Friedel–Crafts
reaction : To a toluene solution (�2 mL) of catalyst
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column using hexane/AcOEt 9:1 as an eluent.
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