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Abstract: (1R)-(-)-Nopol and (1R)-(+)-camphor have both been efficiently transformed in

four steps into optically pure annulated cyclopentadienes.

Isodicyclopentadiene (1) and 1ts dehydro derivative 2 possess unique properties that
have already serviced several synthetic objectives.2 This effort has taken particular

advantage of their predilection for below-plane Diels-Alder reaction’

and for above-plane
[6+4] cyc'Ioaddit'lon.A More recently, an appreciation of the m-face selectivity of their
cyclopentadiene ring coordination to transition metals has begun to emer‘ge.1’5'6 In this

context, the enantiomerically pure hydrocarbons 3 and 4 hold special interest because

they offer attractive possibilities for elaborating optically active buiiding blocks

8
1,no a%® 3 4
2, ABO ~

through cycloaddition and for controlling the stereochemical course of many reactions
when complexed to Fe, Ti, Zr, and other metals.

Experience has shown that although expedient cyclopentadiene annulation of 57 and

8 9

related systems™ can be efficiently realized by means of the Skattebdl procedure,” only

allene formation, yiz. 7 + 8, is seen when the ring system is further strained. 10 We

111

attribute this entirely genera rerouting away from cyclopentadiene formation to an

inability of the torsionally constrained empty carbene p orbital (see 9) to interact with
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the flanking double bond. 12
Molecular models suggested that this structural inhibition should be entirely

alleviated by positioning the cyclopropyl carbene completely external to the norbornene
ring where conformational maneuverability is much less impeded. We therefore proceeded
to evaluate the concept first with (1R)=(+)~camphor (10) (Scheme I). Its enol triflate
was obtained by condensation of the 1ithium enolate with N-phenyltrifluoromethanesul-
fonimide (81%).13 Smooth coupling (92%) subsequently occurred when 11 was heated with
vinyltrimethylstannane in the presence of 5 mol % Pd(PPh3), and 4 equiv of Tithium chlo-

ride in THF.14 Heating 12, [a]%P -159% (¢ 4,29, hexane) with 1 equiv of phenyl(tri-
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bromomethy 1)mercury in refluxing benzene.IS

resulted in regiospecific addition as in 13
(72%).16 As expected, attack at the more heavily substituted internal double bond proved
to be sterically precluded. When 13 was treated with 4 equiv of CH3L{i in ether at room
temperature, 3, [a]%z 4,6 (c 1.65, hexane), was isolated in 79% yield. The mechanistic
implication is that carbene 14 does indeed find it possible to attain proper stereocelec-
tronic alignment for electrocyclization.

A similar four-step sequence served to produce 4 (Scheme II). In this instance,
(1R)-(-)-nopol (15a) was the starting material, Conversion to its tosylate, recrystal-
Tization of 15b to optical purity ([cit'_llz..)5 -25.6° (¢ 1.0, CoH50H)), and base-promoted elimi-
nation according to Cupas and Roach!” afforded homochiral nopadiene (16, [a]§4 3.8° (¢
8.4, hexane)).'|8 Dibromocarbene, generated as before by the Seyferth method, added
predominantly to the vinyl group of 16 to give a 4:1 mixture of diastereomeric dibromo-
cyclopropanes 17 (94% after <:hr'oma‘t:ography).]6 Following exposure of 17 to ethereal
methy114thium at room temperature, the desired cyclopentadiene 4, [otf!%)4 -21.9° (¢ 1.8,
CoHgOH), emerged (87% yield).

The ease of obtaining conjugated dienes such as 12 and 16, the regioselectivity with
which they undergo dibromocarbene addition, and the high efficiency with which cyclopen-
tadiene annulation occurs from both diastereomeric adducts give the Skattebgl approach

considerable practicality. In particular, the overall yields of 3 and 4 (42% and 40%,
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respectively show that the earlier angle strain l1imitations have now been circum-

vented.

Currently, our intention is to explore the application of these substrates to
asymmetric synthesis, The adjoining contr1but10n]9 is i1lustrative of one facet of this
program.
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