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Enantioselective Copper Catalyzed Diels-Alder Reaction Using Chiral
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Abstract : A new chiral copper (II) catalyst was prepared from Cu(OTf), and chiral pyridine-

phosphine ligands 1-2 in dichloromethane and used in the Diels-Alder reaction of 3-acryloyl-1,3-

oxazolidine-2-one with cyclopentadiene leading to enantioselectivities up to 99%.
© 1998 Published by Elsevier Science Ltd. All rights reserved.

One of the most important reaction in organic chemistry for the formation of carbon-carbon bonds is the Diels-
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Alder reaction and a oreat deal of effort has been devoted to the devel re’
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In this area, Evans et al. discovered that Cu(Il) complexes of C, symmetric bisoxazolines are effective chiral
Lewis acid cata]ysts3. On the other hand, Helmchen et al. have reported the first application of chiral
{phosphinooxazoline)Cu(li) complexes as catalysts in the Diels-Alder reaction between cyclopentadiene and
substituted N-acylamide dienophiles leading to the expected adducts in high enantiomeric excesses (ee) up to

97%"*. Thus, compared to a N-donor ligan
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oxazolines ligands has enhanced the Lewis aci
Recently, we described the synthesis and the use of new non symmetric chiral pyridine-phosphine ligands
bearing the chirality at the phosphorus atom in palladium catalyzed asymmetric allylic alkylation and
amination reactions with enantioselectivities up to 94%’. In this paper, we wish to report our preliminary
results using such chiral ligands 1-2 in catalytic enantioselective copper Diels-Alder reaction of 3-acryloyl-1,3-
oxazolidine-2-one with cyclopentadiene
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Scheme 1
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The chiral catalyst (10 mol% with respect to 4) was prepared by treatment of Cu(OTf), with ligand 1 or 2

in drv solvent for 15 minutes under
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cooled to the desired temperature

an inert atmosphere. The resulting stirred colored solution (dark bro
di e were added. After 24 hours,
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cycloadduct § was isolate
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NMR spectroscopy and ee by HPLC using a Daicel Chiralce] OD-H column’. The results are summarized in

Table 1 :

Table 1 : Asymmetric copper catalyzed Diels-Alder reaction of cyclopentadiene with N-acyloxazolidinone 4

Reaction | Conversion | Endo-exo
Entry | Solvent TCO | Time ) %) o | B

1? CH,Cl, 25 24 >99 >98:2 2
2 " CH,Cl, 0 24 >99 | >98:2 56
3? CH,Cl, -78 24 20 >98:2 76
42 CH,CL -78 to r.t. 24 >99 >98:2 >99
5% CH,Cl, -78 to r.t. 3 >99 >98:2 >99
6 THF 25 24 >99 >98:2 5
7t THF -78tort. 24 >99 >98:2 32
8* Toluene 25 24 65 >98:2 4
9* Toluene -78tor.t. 24 0 - -
10* CH;CH,NO, [ -78tort 24 50 >98:2 4
11? CCly -78tor.t. 24 >99 >98:2 2
12° CH,Cl, -78tor.t 24 >99 - 14
13¢ CH,Cl, -78tor.t 24 >99 >95:5 36
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: Experiments performed using 10 moi% of cataiyst generated from Cu{OTf), and ligand i. ~ Experiment
. [ N

performed using 10 mol% of catalyst generated from Cu(OTf) and ligand 1. ~ Experiments performed using 10

mol% of catalyst generated from Cu(QTf); and ligand 2. d The endo-exo ratio was determined by 'H NMR
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spectroscopy on the crude product. ¢ Ee determined by HPLC on a Daicel Chiralcel OD-H column (ref. 7).

We first examined the use of ligand 1 in CH,Cl; at different temperatures. Lowering the reaction temperature
from 25 to 0°C led to a significant increase of the ee from 2 to 56% (entries 1-2). Moreover, an experiment

realized at —78°C and slowly warmed to 25°C led to the formation of only endo adduct with 2§ absolute
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configuration in 99% ee (entries 4-5). In a second time, a wide variety of solvents were probed. Thus,

+ha Aveamisnranéal

whatever th experimen are varving from 2 ta Y e uwith low

VAL YIUE MVIM & W JL/70 Ve YYIUL 1UW

conversions in some cases (entries 6-11). Under the best conditions, the use of chiral Cu(I) complex led to a

low enantiomeric excess (14%, entry 12). On the other hand, the use of ligand 2 led to a complete conversion
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The steric course of these reactions can be rationalized by assuming a square planar phosphino-pyridine-

Cu(Il)-dienophile complex as intermediate similar to that proposed by Evans for bis(oxazoline)Cu(Il)

lexes 6a and 6b may be suggested. In complex 6a,

both pyrrolidine ring and N-phenyl group led to strong steric interactions with cyclopentadiene whatever the
diastereofacial approach of the dienophile. In contrast, the formation of isomer 6b is favoured by lowering the
ck of the diene may occur at the endo-Re face of the acryloyl group leading to the

formation of the observed endo (2S)-cycloadduct 5 (Figure 1).
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Figure 1. Proposal conceming the steric course of the cycloaddition via a square planar Cu(II) complex

In conclusion, we have shown that readily accessible pyridine-phosphine ligand 1 is an efficient ligand for

natioselective copper(Il) catalyzed Diels-Alder reaction. Further studies including modification to dienes,
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procedure was used in order to prepare ligand 2 (34% yield) which was purified by distillation (bp
220°C/0.05 mbar).

Cu(OTf), (Fluka) (0.071 mmol, 26 mg) is treated with ligand 1 (0.071 mmol, 25 mg) in dichloromethane

(10 mL) at room temperature for 15 minutes under an argon atmosphere. The resulting stirred dark brown
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cyclopentadiene (3.55 mmol, 235 mg) were added. The solution was slowly warmed to 25°C and stirred

overnight. The reaction mixture was concentrated in vacuo and the crude material purified by flash

chram o 2Q ahealite canfionratinn in 78% vield (endn/exn = >0/
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and 99% ee. The ee was determined by HPLC analysis using a Daicel Chiraicel OD-H column with 10% i-
PrOH in hexane for elution (0.5 mL/min ; retention times 37.8 min (S) and 41.2 min (R)).



