


Table 1_ 

Base-catalyzed asymmetric Diels-Alder reaction between 1 and 2a 

Catalysta Temp. (‘C)b Isol. yield (%)C [o]o 3ad ee (%)” 

1 Quinine 25 -19” 
2 Quinine 0 ;: -23” :: 
3 Quinidine 
4 Quinidine -:; 

100 +25.5” 35.5f 
100 +35.5O 50 

: Quinidine -50 :5 +43.5” 
Quinidine 25s +I 6.5” z.5 

: Cinchonine Cinchonine -20 25 90 84 .-4.51° -11” rY5 
9 Cinchonidine 25 98 +20.5” 27 
IO Cinchonidine -20 90 +15.5O 21.5 
11 (S)-Prolinol -20 100 -30” 43 
12 (1 R,2S)-N-Me 

ephedrine -20 +I 2O 17 
13 Quinidine 25h :: +31.5” 44 
14 Quinidine 0’ 100 +31.5” 44 

a 10% mol equiv, except entry 14 (1% mol equiv). b Standard reaction performed in 
chloroform, with [ 1 ] = 0.1 M , for 15 min., at 25°C. At lower temperature the reaction 
completion was checked by tic or polarimetry. = Flash-chromatography on silica gel 

(Cyclohexane / EtOAc 1 :l). d[a]o =+71.5” (C=l, CHCls) for enantiomerically pure 3a 
(calculated from hplc measurements of ee). e Measured by hplc (Sumipax OA-2000, 
solvent : hexane / 1,2-dichloro-ethane / EtOH = 450 : 50 : 2, detect. 230 nm), fSame 
value when [ 1 ] = 0. 25 M or 0.05 M. g In toluene. h In Ccl,. i 1% equiv catalyst. 
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A typical catalyzed asymmetric Diels-Alder reaction is conducted as follows : 
162 mg (0.5 mmol) of quinidine are added at room temperature to a solution of 970 mg - 
(5 mmol) of 1 and 555 mg (5 mmol) of 2a in 50 ml of chloroform. After 15 min 1 N HCI and 
dichloromethane are added, the organic phase is recovered and washed several times 

by aqueous 1 N HCI. The crude product 3a (1.45 g, [a]o = +255”(CHCls), 95% yield) is 
analyzed by chiral hplc , showing 35% 88. ThelH nmr spectrum of 3a showed it to be 
chemically pure . 

KF (I equiv) and Quibec (N-benzylquininium chloridels) (0.02 equiv) have also 
been used in conditions of phase-transfer catalysis in toluene. Surprisingly, the main 

product is then the Michael adduct 4 (80% isolated yield, [a]b = + 26”, CHCI,); 
cycloadduct 3a was formed in minor amounts. The enantiomeric excess of 4 (16%) 
could be measured by chiral hplc (OT (+), Daicel Co). 

The formation of 4 raises the possibility of a two-step mechanism in the 
asymmetric synthesis of cycloadduct 38 (Michael addition followed by an intramolecular 
aldolization). This mechanism is not in agreement with the studies in ref.15 and with 
some of our experiments. Thus 4 could not be cyclized into 3a by quinidine in 
chloroform under the conditions of the asymmetric synthesis. Cycloadduct (-)-3a (30% 
ee) reverses in excellent yield into (-)-4 when heated at reflux in ethanol. 

Enantiomerically pure 4 ([alo= -160°, CHC13) was isolated by fractional crystallization17. 
Our results clearly show that 3a has been formed by a base-catalyzed Diels-Alder 

reaction, as previously stated by Koerner and Rickbornls when using small amounts of 
NEts. The asymmetric induction that we observed in the process could be related to a 
reactive intermediate such as A where the achiral dienolate is associate to a chiral 
counter-ion (protonated chiral amine) which itself is associated to 2a (presumably by a 
hydrogen bond through the OH). The asymmetric synthesis will occur under the influence 

of the chiral backbone of the 6-aminoalcohol, which will force the re and si prochiral 
centers on one face of 2a to be regioselectively placed above the two ends of the 
dienolate. In absence of information on the absolute configuration of 3a it is impossible 
to propose a more detailed picture for the preferred transition statel8. Efficient 
asymmetric catalysis by chiral organic bases or by chiral phase-transfer catalysts mainly 
derived from alkaloidslg-21 usually requires the maximum association between ionic 
species in the organic phase. In our case, too, it is important to select the proper solvent. 
Thus, when chloroform is replaced by methanol, ee drops from 35 to 0%. 

The dichotomy between the reaction pathways to Diels-Alder or to Michael adducts 
could be related to the structure (charge distribution) of the ionic species deriving from 
the dienol of anthrone 1. An almost naked ion (such as formed with KF / Quibec) will 
react as a nucleophilezs, while the use of tertiary amines will give rise to an hydrogen- 
bonded ion-pair (because of +NHR3 cation), with a trend for [4 + 21 cycloaddition. It could 
be also possible to envisage that the reactive species for the Diels-Alder reaction is the 
anthrone dienol, hydrogen-bonded to amines4. 

In conclusion it has been established for the first time that chiral bases are able to act 
as catalyst in some Diels-Alder reactions. We are currently investigating the scope26 and 
the mechanism of this class of asymmetric reactions, where “molecular engineering” of 
chiral catalysts offers numerous opportunities . 
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