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NEW LEWIS ACID CATALYSTS FOR THE DIELS-ALDER REACTION 
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Abstract. Catechol boron bromide (I) andferrocenium hexqpuorophosphate (2) function as Lewis acid catalysts 
for the Dick-Alder reaction. 

The development of chiral Lewis acids as catalysts for the asymmetric induction of Diels-Alder and other 

reactions is a subject of current interest. Recent years have seen some progress, lV2 but no general solutions have 

yet emerged. In the course of studies aimed at the rational design of such catalysts it seemed useful to have new, 

structurally and conformationally defined sites of Lewis acidity capable of being embedded within a larger organic 

framework in a spatially defined manner. By appropriate manipulation of the contours of the organic scaffolding, 

one should then be able to design tunable, chiml environments around the Lewis acid center. 

We now report that catechol boron bromide (ld and ferrocenium hexafluorophosphate (2)4 both function 

as Lewis acid catalysts for the Diels-Alder reaction. They also exhibit turnover. The results are summarized in 

Tables 1 and 2 on the following pages. For comparison purposes, both tables include reaction conditions required 

in the absense of catalysis. 
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The potential of 1 to function as a Lewis acid catalyst was suggested by its ability to cleave ethers.’ That 

ability is presumed5 to depend in part on the Lewis acid nature of the boron atom. Examination of Table 1 reveals 

(i) that 1 is very effective as a catalyst with a wide variety of dienophiles and (ii) that 1 exhibits turnover with all 

dienophiles tested except, apparently, acrylonitrile. 

The possibility that metallocenes might function as Lewis acid catalysts was inferred from the report6 that 

vanadocenium tetraphenylborate (3) can be crystallized as the O-bonded, acetone complex 4. The ferrocenium 

cation 2 was examined instead of 3 because of its easier synthesisP A number of commercially available 

metallocene derivatives (zirconocene dichloride, titanocene dichloride, hafnocene dichloride, cobaltocenium 

hexafluomphosphate, and ferrocene itself) were also examined, but none exhibited Lewis acid catalysis under the 

assay system used7 

Ferrocenium hexafluorophosphate (2) is not so active a catalyst as 1 (Table 21, but it is less corrosive. 

Perhaps more importantly, the demonstration that 2 behaves as a Lewis acid raises the possibility that other 

metallccene derivatives may also exhibit useful Lewis acid behavior. 

Attempts to incorporate 1 and 2 and related units into asymmetric frameworks with the objective of 

preparing rationally designed chiral Lewis acids are currently underway. 
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Table 1. Catalysis by Catechol Boron Bromide. 

Dienophile Diene Reaction 
Conditions 

Isolated Isomer product(s)c*d 
Yield(%) Ratiob 

Conditions for 
Uncatalvzed 

Otemp/time/equiv. of catalysta 

-78T / 5h / 0.25 80 

endo/exo 

& 

Ph 
86114 / 

CHO 

85/15 

& 

/ 
C”a 

CHO 

No reaction at 
2OY? 

cHa~cHo Q 
CHakHO 0 

C”a A CHO 

COCHa 0 \ 1 

cow3 

COzCHa 0 \ ’ 

c 

-78*C 1 1Sh / 0.25 70 

-78T / 0.5h / 0.25 95 10/w 

Jb 

/ CHO 

0°C / 4h / 0.25 68 

- a C”a 

I C”a 

CHO 

2O’T / 2h / 0.25 89 

-4@‘C/9h/0.25 42 

-7PC / 1 h / 0.25 94 

WC / 5h / 0.25 62 

-78% / 3h IO.25 98 e 

PCI5h10.25 78 

Cr’C I6h / 0.25 
OT/6h/ 1.0 

2PC / 6h I 0.25 

29 
91 

20 

kOCHa 

0 I 
COCHa 

C”a~02cHa 
14OT / 3ht7 u I 

C”a 
C”a 

C&CHa 

)3 
I 1UCPC/20h1* 

C”a CN 

CN 
135% / 12hlg 

1OPC I 4h9 

lOOT/2-3ht” 

15OT/5h” 

180°C / 3h12 

1OOT / 3h13 

0”C/5h14 

140% / 8h’* 

0”C/2h16 

(a) Catalyst : dienophik ratio, with the diene being in excess. (b) Determined by ‘H NMR analysis. (c) Major isomer 
shown. (d) Au products were purified by flash column chromatography on silica gel and structures assigned are consis- 
tent with their spectra. (e) other isomer was not detected by *H NMR spectrosoopy. 
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Table f. Catalysis bv Ferrocenium Hexafluorophosehate, 

Entry Dienophile Diene Reaction Isolated Isomer Product(s)cld Conditions for 
Conditions Yield( %) Ratiob UncatalyzpP 

temp/time/equiv. of catalysP endoJex0 Reaction 

h 

A 
C”3 

2 
C”3 CHO 

C”3 

4 
COCH3 

* See notes to Table 1. 

PCl3hlQ.5 78 81119 C”3 10WC/4h9 

CHO 

20°C / 48h / 0.5 

0°C / 20h / 0.2 

2CPC / 36h / 0.5 

C”3 
67 - C”3 15oOC / Jh” 

C”3 CHO 

Ph 
59 88112 

& 
K?&” at 

CHO 

80 - 140°C / 8-10h15 

COCH3 
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