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Abstract: Starting from (+)-camphor the chiral alcohols 7 and 8 have been pre-
pared; their acrylates 9 and 13 underwent TiCl. (0OiPr).-mediated Diels-Alder

additions to cyclopentadiene with stereoface- dlfferen%latlons of 66% d.e. and
94% d.e., respectively.

Two years ago we have reported high levels of stereodifferentiation in
TiClz(OiPr)z—promoted Diels-Alder additions of cyclopentadiene to acrylates 1
(99.3% d.e.} and 2 (97% d.e.)’.

Scheme 1
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Although the auxiliary alcohol of acrylate 1 is readily accessible from
(+)-camphor (and its antipode from (-)-camphor) by a sequence of six steps in
60% overall yield (after recrystallization) the development of other chiral

auxiliaries remained a fascinating challenge?

Thus, we next focussed our attention on the possibility of linking the
sterically demanding t-butyl group to the borneol-/isoborneol skeleton by a

carbon chain (Scheme 2).
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TiCl,-mediated aldolization® of silylenol ether 3" with 3,3-dimethylbutanal®
and elimination® afforded enone 4 (6:1 - stereoisomer mixture, 75%) 7 which on
hydrogenation (4.7 mmol, 110 mg Raney Ni, MeOH, 60°, 4.3 atm, 14 h) yielded a
83:17-mixture of the exo- and endo-ketones 57 and 6’ (80%). Reduction of the
purified major isomer 5 with L-Selectride (1.1 eq, -78°, THF, 1 h) gave cleanly
the crystalline cis-exo-alcohol 77 (92%). Base-induced equilibration (KOtBu
(4.5 eq), tBuOH, t*+, 48 h) of the mixture 5/6 gave predominantly the more
stable endo-ketone 6’7 (88% yield; 5/6 = 83:17 » 8:92). The latter was reduced
with Na(Hg) in buffered isopropanol® to give the crystalline cis-endo alcohol
87 (63%). Esterification of 7 and 8 with acryloyl chloride/AgCN® furnished
acrylates 27 (77%) and ;37 (85%), respectively. To determine the sign and
extent of the topological bias provided by each auxiliary the TiClz(OiPr)z-
promoted additions to cyclopentadiene served as a test reaction’? (Scheme 3).

Regenerative cleavage of the auxiliary from the adducts with LiAlH4 furnished

alcohols 11 and 15 which were analyzed by means of their chiroptic properties

and by HPLC-measurements of their carbamates 12 and 16, respectively®.
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Interestingly, it turned out that the signs of induction agree with our
expectation but that the exo-control element 7 exerts a significantly lower
chirality directing influence than its endo-counterpart 8. Thus, the stereo-
face selectivity of the reaction 9 > 10 was rather modest (66% d.e.) relative
to that of the transformation 13 + 14 (94.3% d.e.) and to the analogous
addition of the neopentyl ether 2 (97% d.e.). This may be attributed to
Ha/CH3—repulsion in 9 impairing the alignment of the blocking chain along
the acrylate m-face. Another reason for the advantageous conformational role
of the ether oxygen in 1 (and 2) could be a chelation of the carbonyl- and

the ether oxygens by titanium.
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