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Abstract: Starting from (R)-(+)- and from (S)-(-)-camphor the chiral alcohols 1: 2 and 3 have 
been prepared; their acrylates II underwent TiCl,(OR),-promoted Diels-Alder additTons to cyclo- 
pentadiene giving efficiently in a predictable manner either the (2R)- or the (2S)-adducts III 
with up to virtually quantitative asymmetric induction. 

The Diels-Alder addition of 1,3-dienes to olefins is a reaction of pre-eminent importance in 

organic synthesis. Consequently, considerable efforts have been expended to enantioselective 

versions of this process which may create two pairs of new chiral centers at the binding sites. 

Despite encouraging progress in this field, employing either chiral dienophiles', dienes2 or 

Lewis acid catalysts3, much remains to be done. Recently a host of .&-face directing acrylates A, 

E and C (Scheme 1) and their re-face directing counterparts have been added to cyclopentadiene 

in the presence of TiC14 with s90% predictable enantioselectionll. 

Scheme I 
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We attribute this induction to a transition state where the ester-carbonyl group is antiplanar 

with the C,=CD- and synplanar with the alkoxy-C,H bonds which causes the aryl group to shield 

either the Care-face or the C&-face, respectively. 

This communication reports the first virtually quantitative asymmetric induction in the [4+2]- 

cycloaddition of cyclopentadiene to acrylates (II + III). Reduction of III with LiAIHI, refur- -- - 

nished the auxiliary alcohol to give the en&-product IJ, R=H, which was isolated and analysed as 

previously described". Our results are summarised in Scheme 2 and the Table. 

Our starting point was the TiCl,-mediated addition of the cis-3-benzyloxyisobornyl acrylate 

(entry a) yielding the (S)-cycloadduct III in 88% d.e.ll . Pursuing this lead cis-3-diphenyl- 

methoxy- (entries c, d), 3-cl-naphthylmethoxy- (entries e, f) and 3-B-naphthylmethoxy- (entry g) 

isoborneols 1' were prepared either from (lR)-(-)-cis-3-hydroxyisoborneo15 (Method A, 34 - 48%)6 

or, regioselectively, from (lR)-(+)-3- exe-hydroxycamphor7(Method 6, 44%)6. Although these 

alcohols are nicely crystalline their acrylates suffered from rapid ether-cleavage on exposure 
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Scheme 2 and Table 
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I 

Entry 

II 

Auxiliary Alcohol R' R2 m.p. X Reaction Yi;ld endo Endo-Adduct 
Lewis Temp. exo Config. d.e.% 
acid OC 

a H oil Cl 0 46 9218 88 

b H 1 I, H oil OiPr 0 91 86/14 46 

C D B 74 OiPr 0 94 86/14 64 

d ,, ,‘ 74 OiPr -20 94 go/10 72 

e m H 73-74 OiPr -20 98 90/10 69 

f ‘I H 73-74 OEt -40 72 94/6 

g 74-75 OiPr 0 97 85115 

77 

54 

h t8u H oil OiPr -20 95 96/4 S 97 

i a a 57 OiPr -20 74 95/5 R 91 

j II II 57 OiPr -40 36 9713 R 92 

k H 70-71 OiPr -20 98 95/5 R 92 

1 

m 

69170 OiPr 0 97 9317 R 88 

trsu H 4-5 OiPr -20 96 96/4 R 99.4a 
99.2b 

n Mu H 4-5 OiPr -20 98 95/5 S 
99.4a 
99.1b 

we 
a) IV, R =,0-j-C@ 

Ph 

Ve 
bl IV, R=CONH (HPLC) 
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to TiC14. Furthermore, the use of TiClI, generally required painstaking care to exclude traces of 

water which may decrease the efficiency of the addition II * III due to polymerisation. On the 

other hand, high chemical yields of cycloadducts III were safely obtained at -20" to 0" using 

the mild Lewis acid Tic12 (OiPr), *. Thus, entry b shows compared to entry a an improved yield 

(46 + 91%) but some loss of en&-selectivity (92 * 86%) and a much more severe drop of asymmetric 

induction (88 + 46% d.e.). Nevertheless, according to our expectations an increase of the aro- 

matic surface enhanced the shielding and therefore the induction up to 77% (entries c - g). 

Lowering of the reaction temperature improved the endo- as well as the enantio-selectivity of the 

cycloaddition (entries c/d and e/f). Entry f indicates the advantageous use of TiC1Z(OEt)2 g 

which even at -40°C led to the (PS)-adduct in 72% yield (as compared to entryj)with 77% d.e. 

More promising are the optical yields obtained on TiC12(0iPr),-promoted [4+2]-cycloadditions of 

the acrylates derived from the crystalline cis-3-hydroxyisobornyl-methylaryl ethers 2' which in 

turn are accessible from (lR)-(-)-cis-3-hydroxyisoborneo15 (Method A, 22 - 36%)6. Thus, entries 

i - 2 demonstrate the efficient conversion II -t III with 88 to 92% induction of (PR)-chirality. 

We then wondered to what extent the observed shielding depends on v-?r-aryl/acrylate-orbital 

overlap or on mere steric crowding. In fact, we were pleased to find that the neopentyl ethers 

fi" and &i4 exert a chirality directing ability dramatically superior to the examples listed 

above. Notably, 2n~, selectively prepared from (lR)-3,3-ethylenedioxycamphor" (Method C, 65%)6 

gave after esterification and acrylate cycloaddition the (2R)-adduct III in 99.4 to 99.2 d.e. 

as determined by lgF-NMR and HPLC l1 analyses of IVa and IVb, respectively. Crystallisation of 2m - 

(pentane, -3OY) permits its facile purification and purity control despite the low melting point. 

Its antipode 3, readily available from (lS)-(-)-camphorU furnished the (2S)-adduct III in 

equally high chemical and optical yields. It thus follows that the alcohols 2m and 3n constitute - - 

the first reported chiral auxiliaries which on acrylate/cyclopentadiene-cycloaddition afford 

efficiently and predictably either (2R)- or (2S)-adducts, respectively,with virtually quantitative 

chiral induction. Examination of models (Scheme 3) assuming a staggered conformation of the 

Scheme 3 
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neopentyloxy-chain indicates indeed a strong steric blocking of the 2m-acrylate C,-Fe-face by the - 

t-butyl group. The superiority of 2m over lh and in general of 2_ over lmay be attributed to a - - 

buttressing by the (C,lO)-methyl group which pushes the ether chain closer to the acrylate. Pre- 

sently we employ these findings for the syntheses of natural products and continue to developeven 

more practical chiral alcohols, generally applicable to a range of enantioselective reactions12. 
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