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Summary: Clear stereochemical relationships were observed between the structure of chiral
sources of catalysts and absolute configuration of the Diels-Alder adducts.

Design and application of the chiral Lewis acids to the asymmetric Diels-Alder reaction
have been the current subject of substantial international interest.1.2) However, for the purpose
of designing chiral catalysts, it is highly desirable to accumulate the precise stereochemical
knowledge on the transition state.

Previously we have reported the use of menthoxyaluminum dichloride (1)3) in the catalytic
asymmetric Diels-Alder reaction of cyclopentadiene with methacrolein.2) To gain a more insight
on the transition states, we have studied the stereochemical relationships between the structure
of chiral sources of catalysts and the absolute configuration of the major product by using a
variety of chiral cyclohexanol derivatives as chiral sources.
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cyclopentadiene from the front face to produce the observed (+)-2. As a general consideration,
the cyclohexanol derivatives bearing the shielding group (4, 5) would afford the (+)- and (-)-2
respectively. And the better shielding would afford the higher enantiomeric excess (ee).

Based on the consideration above, several cyclohexanol derivatives were synthesized.
The optically pure alcchol (9) with the fixed conformation was prepared from 165} in three steps
(BBr3/CH2Cl2,8) LiAlHa/ether, BuzSnH-AIBN/benzene) as shown in Scheme L.7) The other
optically pure alcohols (6,8) 8,5 10,9 11,10) 12,11) 13,9) 14,5 1512)) were prepared according
to the reported procedure.
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A typical experimental procedure is exempilified in the reaction using 8. To a coocled (-78
°C) solution of 8 (0.61 g, 2.0 mmol) in a mixture of toluene and hexane (1:1, 4 ml) was added a 1
M hexane solution of ethylaluminum dichloride (1.0 ml, 1.0 mmol). After stirring at room
temperature for 30 min,13) methacrolein (distilled and stored over MS 4A) (0.6 mi, 7.3 mmol) in
toluene (3 ml) was added at -78 °C. After stirring for 20 min at -78 °C, cyclopentadiene (0.7 ml,
8.5 mmol) in toluene (3 ml) was added and the whole was stirred at -78 °C for 2.5 h. The mixture
was quenched with water (10 ml) and extracted with hexane. Silica gel column chromatography
(ether/pentane=1/30) afforded (+)-2 ([a]%o +10.5 °(c=3.80, EtOH))2) in 45% ee and in 83% yield.

Clear correlation between the structure of the cyclohexanol derivatives used and the
absolute configuration of the adducts is obvious as summarized in the Table I. It is noteworthy
that cyclohexanol derivatives bearing equatorial hydroxyl group lead to the adduct with expected
absolute configuration (the left and center columns in the Table I), whereas the alcohols with
axial hydroxyl group and 15 with different conformation lead to the random absolute
configuration (the right column). As has been expected, the alcohols having better shielding
group exhibited higher ee (6 vs 7;10, 11 vs 12).74)

To the purpose of getting more insight on the aluminum moiety, we turned our focus on the
substituent of aluminum. Substitution of one chlorine atom with bulkier alkyl group would lead to
the transition state (17) where the alkyl group (R) on aluminum would block the approach of
cyclopentadiene from the front face, resulting in the decrease of enantioselectivity.

In fact, the catalysts (18, 19) with bulkier alkyl group on aluminum lead to the poorer
gnantioselectivity as summarized in the Table I1.15)

The observed stereochemical relationships between the enantioface selection and the
structure of chiral sources of catalysts as well as the substituents on aluminum atom clearly
indicate the high probability of the transition state 3.

Continuing efforts to develop rationally designed chiral catalysts are in progress.



Table I. Asymmetric Diels-Alder reaction catalyzed by R*OAICI,?
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2 2 2
R*OH Yield% ee/% (+/-) R*OH Yield/% ee/%(+/-) R*OH Yield% eel/% (+-)
m HO% ' %
80 61 69 35 (- 85 20 (+
6 (+) 10 ) o HO 13 (+)
"o 56 57 (+)
Ph Ph
on Y HOQ 56 35 () we 71 0
HO 83 45 (4) 11 Ph 14
Ph 8 o :
phw 72 86 (+) &12 Lo 67 110 [0 7% 7 0
9 "o 15

a) Reaction was carried out according to the typical procedure. Enantiomeric excess and absolute

configuration were determined by optical rotation (see reference 2).
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Table Il. Effect of Substituent on Aluminum

catalyst

(+)-2

R yield%  eelbe

Ph
Ph
RCIM
18
oSy
19

Cl 83 45
Et 70 16
i-Bu 68 7
Cl 56 57
Et 572 35

i-Bu 672 23

a) Yield and enantiomeric excess of the corresponding
alcohol prepared by the reduction of the crude product

with LIAIH,.
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