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Asymmetric Diels-Alder Reaction Catalysed by Chiral 
Alkoxyaluminiurn Dichloride 

By SHUN-ICHI HASHIMOTO, NOBUYASU KOMESHIMA, and KEN JI KOGA* 
(Faculty of Pharmaceutical Sciences, University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113, Jupun) 

Summary Evidence is presented that considerable asym- 
metric induction can occur in Diels-Alder reactions 
catalysed by chiral alkoxyaluminium dichlorides. 

ASYMMETRIC Diels-Alder reactions using chiral dienes or 
dienophiles have been extensively investigated.l As the 
catalytic activity of Lewis acids to enhance reaction rate, 
regioselectivity, and stereoselectivity is well documented,a 
i t  should be possible, in principle, to use an optically active 
Lewis acid as the chiral catalyst in this reaction ; however, 
the only example reported so far is not promising [3-3y0 
enantiomeric excess (e.e.) using menthyl ethyl ether-BF, 
complex as catalyst] .3 We report here that chiral alkoxy- 
aluminium dichlorides, prepared from optically active 
alcohols and ethylaluminium dichloride, are effective 
chiral catalysts. In a typical experiment, a solution of 
cyclopentadiene (1) (8-1 7 mmol), methacrolein (2c) (7.23 
mmol), and menthoxyaluminium dichloride4 (5) (1.07 mmol) 
in toluene (10 ml) was stirred at  - 78 "C for 3 h. Water was 
added, and the mixture was extracted with pentane. 
G.1.c. of the extract showed that the product, obtained in 
quantitative yield, is composed of (4c)f and its 2-exo- 
methyl-2-endo-carbaldehyde isomers in a ratio of 98 : 2. 
Following column-chromatography the major adduct (4c) 

(5 )  

(3a-c) 
a: X=C02Me,Y=H 

c:X=Me, Y=CHO 
.d:X =Me. Y =CO,H 

b: X =CHO, Y =H 

Y 4 x 
(4a-dl 

(7) 

(69% yield) was isolated as a colourless semi-solid, 
+ 16.8' (ethanol), corresponding to 72% e.e.+, The optical 
purity of this sample was further confirmed by n.m.r. 
analyses using the chiral shift reagent Eu(hfc),. 

t The structure of this compound was confirmed by direct comparison with the corresponding racemic sample prepared by the 
reported method, see ref. 5. 

4 A value of [a]: +23*3" (ethanol) was used for optically pure (4c) by chemical correlation with (4d), see ref. 7. 
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TABLE. Asymmetric Diels-Alder reactions of (1) with (2) in toluene 

Catalyst/(2) 
ratio 
0.26 
0.15 
0.16 
0.1 1 
0.11 
0.16 
0.15 
0.16 
0.16 

Temp./*C 
- 23 

-45to -23 
-46tO -23 

- 78 
- 78 
- 78 
- 78 
- 78 
- 78 

Isolated 

65 
82 
78 
40 
73 
55 
69 
72 
84 

yield/ % Lalo 
- 8.2*8 

ca. 0 + 12.9'a 
ca. 0 
- 3.0"C 
- 22*9'c + 16.8'C 
- 15.3Oc + 5.9OC 

Optical 

6 b  
ca. 0 

9b 
ca. 0 

3d 
2 76 
72e 
66e 
25e 

Purity/ % 

a I n  95% EtOH. b [a]D -141' (95% EtOH) was used as the value for optically pure (3a). See ref. 7. 
e See footnote I. c In  EtOH. d [ a ] ~  

- 8 3 ~ 3 ~  (EtOH) was used as the value for optically pure (3b) by chemical correlation with (3a). 

Other results are given in the Table. The degree of (95% ethanol), corresponding to 72% e.e.' As recrystal- 
asymmetric induction is clearly greatly affected by the lization of this sample from hexane gave (4d) of low optical 
structure of the reactants as well as the catalysts. purity, the mother liquor was evaporated and distilled 

We next examined the possibility of enantiomeric enrich- to give (4d) [45% yield from (l)] as a colourless solid, 
ment on a preparative scale. Thus, the crude product of m.p. 38-40 "C, [a]g +64.9" (95% ethanol), corresponding 
run 7 (Table), obtained as described above, was subjected to to 96% e.e. 
silver oxide oxidations followed by iodolactone separation* to 
give (4d) [71% yield from (l)] as a solid, [a]i5 +48*5" (Received, 11th December 1978; Com. 1310.) 

1 J. D. Morrison and H. S. Mosher, 'Asymmetric Organic Reactions,' Prentice-Hall, Englewood Cliffs, New Jersey, 1971, pp. 252; 
H. M. Warboi-sky, L. Barash, and T. C. Davis, Tetrahedron, 1963, 19, 2333; J. Sauer and J. Kredel, Tetrahedron Letters, 1966, 6359; 
E. J. Corey and H. E. Ensley, J .  Amer. Chem. Soc., 1975,97, 6908. 

2 I. Fleming, 'Frontier Orbitals and Organic Chemical Reactions,' Wiley, London, 1976, pp. 161. 
3 M. M. Guseinov, I. M. Akhmedov, and E. C, Mamedov, Azerb. khim. Zhur, 1976,46 (Chem. Abs., 1976,85, 1769252). 
4 Y.  Hayakawa, T. Fueno, and J. Furukawa, J .  PoZymer Sci., Part A-1, 1967, 5, 2099. 

13 J. A. Berson and A. Remanick, J .  Amer. Chem. SOC., 1961,83,4947; C .  D. Ver Nooy and C. S. Rondestvedt, Jr., ibid., 1955,77,3683. ' J. A. Berson, J. S. Walla, A. Remanick, S. Suzuki, P. Reynolds-Warnhoff, and D. Willner, J .  Amer. Chem. Soc., 1961, 83, 3986. 

Y .  Kobuke, T. Fueno, and J. Furukawa, J .  Amer. Chem. Soc., 1970,92, 6548. 




