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The 4+ 3 cycloaddition reaction of allylic cations and dienes Scheme 1
represents a powerful approach to the synthesis of seven-membered ™

rings! Many approaches to the generation of allylic cations and

their subsequent cycloadditions have been published. It is only

recently, however, that work on asymmetrict43 cycloaddition
reactions has appeared in the literatuAdl of the approaches are
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Table 1. Reaction of 4-Trialkylsilyloxypentadienals with Furan in

. . . c the Presence of Amine 4
based on a chiral auxiliary approach; no catalytic asymmettic 4

3 cycloaddition reactions are known. Q

nBuN:
. . furan, TFA W, \
As part of a broader program designed to develop catalytic Ncr@* Ph’*(l NMe CHONBUNH
IBu

CHyCi,0°C, 4d
asymmetric 4+ 3 cycloaddition reactions, we have begun examin- 57

ing chemistry developed for the asymmetric catalysis of other 4 ° 9

reactions. For example, the generation of chiral, unsaturated ; X
. L . . . . X X entry educt, R yield (%)? ee

imminium ions as intermediates in asymmetric Diefdder and 1 T TVS 5 =
FriedelCrafts reactions has recently been published by MacMillan > 5 TES 10 55
and co-workers$.1t occurred to us that a system suchlashould 3 6, TBS 8 65
be amenable to similar organocatalysin iminium ion derived 4 7, TIPS 0

from 1 should be capable of a productive reaction with a diene via ) i ) )
P P a|solated yields for the endo diastereonfeEnantiomeric excesses were

a 4+ 3 cycloaddition reaction, possibly with facial selectivity, getermined by analysis of this-butylpyrrole derivative ofL2 using a
depending on the structure of the amine, as shown in Scheme 1.Chiracel OD-H column.

This idea worked, and this report conveys our preliminary study
of the process.
We initially explored the reaction of furan with several sily-

Table 2. Asymmetric 4 + 3 Cycloaddition Reactions of
Substituted Furans

loxypentadienals in the presence of the known chiral ardife OR, Ry n2 ATFA CHCHO 18 Re = Mo, Fy =
Treatment of pentadienalsand5—7 with 20 mol % each of amine A ~cro* \ { oo™ »é_}:q %;Eﬁ::—“
4 and trifluoroacetic acid in the presence of furan &@for 4 1TR=TMS 4 F:’ Me, R =H PR s i)
days resulted in the formation of 4 3 cycloadduct8. Endo $RITBS 13 PeElheot
selectivity was observetdAlthough the yields were quite low, the TR=TPS 45 Rp=Ph R = w
enantiomeric excesses were acceptéltds,no optimization was 7
involved. The results are summarized in Table 1. Attempts to time yield
separate the enantiomers of the primary cycloadduct on variousenry R, R, Ry (h) T°C product (%) endo:exo ee
chiral HPLC columns were not successful. We were fortunateto 1 TMS Me H 36 —60 16 64 endo 87
quickly find that the cycloadduct could be converted to the 2 TMS Me H 96 -78 16 64  endo 89
corresponding\l-butylpyrrole9 by treatment with.butylamine and 2 %g ,'\‘AA: : gg :gg ig 2}1 :Rgg gé
that this compound could be resolved on a chiral HPLC column. 5 TIPS Me H 96 —60 16 21 endo 90
This behavior was typical for other cycloadducts as well, and we 6 TMS Et H 22 —-60 17 55 endo 81
routinely converted cycloadducts to thBkbutylpyrrole derivatives g $E§ Et H 91 —65 17 18  endo 87
- . ' t H 91 -65 17 46 endo 84

to obtain enantiomeric excess data. 9 TES Pr H 95 -65 18 74 endo 85

Unfortunately, 2-methylfuran also did not react well with 10 TMS Pr H 95 -65 18 33 endo 89
appearing to afford complicated mixtures or the alkylation product 1+ TMS Ph gy 92 7 19 %6 s ei':)dg;yzo%

11in variable yields. The isolation of such an alkylation product
suggests that the cycloaddition process could be stepwise and  agnantiomeric excesses were determined by analysis df-inatylpyr-
provides a rationalization for the poor performance of furan and role derivative of the cycloadducts using a Chiracel OD-H or Chiralpak
2-methylfuran in the cycloaddition reaction. Thus, the formation AP column.
of an intermediate such a9 (R = H) is anticipated. The most  conformer needed for ring closure will then be significantly
favorable conformation of this species will be one which does not populated, and barriers to rotation to achieve this conformer will
favor ring closure to give a cycloaddition product, but an extended be reduced.
species which could lose a proton to form a substitution product. A
S_u_ch produ_cts are seen in a number of attempted3icycload- “me .H:> W\/CHO ,
dition reactions. * Os R=

When this problems arises, a way of circumventing it is to use
disubstituted furans, so that the conformers resulting from rotation
about bond “a” in10 (R = alkyl) now have similar energies. The

We thus examined four different 2,5-disubstituted furans to
validate this analysis. The results are summarized in Table 2 and
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are quite promising. Thus, the reactionlofiith 2,5-dimethylfuran
12 in the presence of amingand TFA in CHCI, for 4 days at
—78 °C afforded cycloadductl6 in 64% yield as a single
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In summary, we have documented the first examples of the
asymmetric organocatalysis of thet4 3 cycloaddition reaction.
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ing the origin of the stereochemical outcome of the reaction,

understanding the mechanism, and applying the results to synthetic

problems. Results will be reported in due course.
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