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Tandem reactions are of considerable current interest
because they rapidly assemble products with molecular
complexity significantly greater than starting materi-
als.1,2 Their value is amplified if they also selectively
create multiple stereogenic centers. While developing
new Lewis acid-promoted reactions of styrenyl systems
1 with 2-alkoxy-1,4-benzoquinones,3,4 we found that the
initially formed alkoxy carbocation 4 could be intercepted
via displacement of the arylmethyl group (R), stereose-
lectively providing bicyclo[3.2.1]octenyl-adduct 6.5 Herein
we report that intermediates similar to 4 can also be
intercepted via a second cycloaddition process generating
products in which three rings and up to eight stereogenic
centers result from starting components with only one
ring and a double bond as the sole sources of stereochem-

istry. These novel tandem cycloadditions significantly
extend the synthetic potential of Lewis acid-promoted
quinone-alkene reactions.

Initial experiments on BF3-promoted reactions of quin-
one monoimide 3 with 1 equiv of (E)-propenylbenzene
(1a) indicated the formation of a 2:1 adduct in modest
yield (8%) for which structure 7a was proposed. Ma-
nipulation of stoichiometry (>2 equiv of 1a) and temper-
ature (-20 °C)6 resulted in good yields of 7a accompanied
by lesser amounts of a stereoisomeric product 8a. The
generality of the process was demonstrated with several
propenylbenzenes (Table 1). In reactions of 1c, yet a
third 2:1 adduct 9 was isolated, albeit in low yield. The
structures of products 7a and 9 were firmly established
by single-crystal X-ray analysis, and that of 8a was
determined by comparison of 1H-1H NOE data from it
with that from 7a; structures of 7b/c and 8b/c were
assigned by spectral comparison. These products appar-
ently result from reaction of an initially formed 5 + 2
cycloadduct 5 with a second propenylbenzene followed
by either carbon-nitrogen bond formation (path a) or
carbon-carbon bond formation (path b).7
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Products from tandem addition of two different pro-
penylbenzenes can also be generated. For example,
addition of BF3•OEt2 to a 1:1 mixture of 1a and monoim-
ide 3 in CH2Cl2 at -78 °C, followed by warming to -20
°C and addition of (E)-4-propenylanisole, afforded 7a
(10%) accompanied by hybrid tandem adducts 11 and 12
in 15 and 22% yields, respectively. The structure of 11
was again established by single-crystal X-ray analysis,
and comparison of 1H-1H NOE from both 11 and 12
allowed stereochemical assignment of the latter. Evi-
dently, the (E)-4-propenylanisole traps carbocation 10
formed in an initial cycloaddition.

Tandem cycloadducts are also generated in reactions
of quinones, although not as efficiently, and different
propenylbenzenes produce different types of products. For
example, reactions of quinone 13 with 2 equiv or more
of 1a promoted by a 1:1 mixture of TiCl4:Ti(OiPr)4 gave
14 and 15 in 28% and 12% yields, respectively. Reactions
of 1bwith 13were more sluggish, requiring a 2:1 mixture
of TiCl4:Ti(OiPr)4 as the promoter, and gave adduct 16
(22%). The structures of 14 and 16 were established by
single-crystal X-ray analysis, and that of 15 is assigned
from NMR, IR, and mass spectral data.8
Mechanistically, the formation of 14 and 16 parallels

that of 7 and 9, respectively, with the additional step that
derives 14, intermediate 18 undergoes dealkylation under

the reaction conditions or hydrolysis upon workup. A
possible route to 15 involves the addition of the second
propenylbenzene to 17 to produce cation 19 in addition
to that leading to 18. We reason that intermediate 19
undergoes addition of chloride ion, C-O bond formation,
oxidation,9 and demethylation (not necessarily in that
order).

Previous research has established the stereoselectivity
of 5 + 2 cycloadditions between alkoxyquinones and
styrenes.3 Herein, the stereochemical details of the
second cycloaddition, e.g. 5 to 7-9, remain to be estab-
lished; however, initial results reveal that these remark-
able tandem cycloadditions are reasonably stereoselective
and result in the formation of up to eight new stereogenic
centers. These results raise the synthetic potential of
quinone-alkene reactions to new heights, particularly
since they can be orchestrated such that the alkenyl
component involved in the second cycloaddition can be
different from the one involved in the initial 5 + 2
cycloaddition.
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Table 1. BF3•OEt2-Promoted Reactions of Monoimide 3
with Propenylbenzenes 1a

time (h) products (% yield)

1a 1 7a (58), 8a (16)
1b 0.3 7b (51), 8b (14)b
1c 17 7c (24), 8c (20), 9 (13)

a Conducted by adding BF3•OEt2 to a solution of 1 and 3 in
CH2Cl2 at -20 °C. b 2-Aryl-7-methoxy-3-methyl-5-(N-benzene-
sulfonylamino)-2,3-dihydrobenzofuran (28%) was also found.6

Communications J. Org. Chem., Vol. 62, No. 24, 1997 8275


