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ABSTRACT

A highly stereoselective [4 + 3] cycloaddition of N-substituted pyrroles with allenamide-derived nitrogen-stabilized chiral oxyallyl cations is
described here. This method provides an approach for constructing tropinone alkaloids.

Heteroatom-substituted oxyallyl cations have emerged as
the most effective 1,3-dipoles in [4+ 3] cycloadditions.1-5

In our active efforts to develop methods employing

allenamides,6-9 we have demonstrated that nitrogen-stabilized
chiral oxyallyl cations2b derived from epoxidations of
allenamides1 can undergo highly diastereoselective inter-10

and intramolecular11 [4 + 3] cycloadditions with dienes
(Scheme 1). Given that achieving highly stereoselective

† With deepest respect and appreciation, this paper is dedicated to
Professor Gilbert Stork on the special occasion of his 85th birthday.
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[4 + 3] cycloadditions represents a significant challenge, it
has continued to attract elegant synthetic efforts,1-2,12 and
nitrogen-substituted oxyallyl cations3,4,10,11 have proven to
be a unique design in this endeavor, as evident in the fact
that Harmata’s13 and our own14 offer to date the only
asymmetric variant of this powerful cycloaddition.12j

Despite our preliminary success, pyrroles remained pre-
carious as a suitable diene. Pyrroles in general behave as a
poor diene in cycloadditions due to competing retro-
cycloaddition to regain its aromaticity, and as a result, efforts
in this aspect of [4+ 3] cycloaddition have remained scarce
with a few elegant exceptions.15 Therefore, success in this
endeavor would constitute a highly stereoselective entry to
tropinone alkaloids (see5). We report here a highly stereo-
selective [4+ 3] cycloaddition of nitrogen-stabilized chiral
oxyallyl cations withN-substituted pyrroles as an approach
to parvineostemonine.

We were able to establish the feasibility of [4+ 3]
cycloadditions of nitrogen-stabilized chiral oxyallyl cations
with pyrroles via employing chiral allenamide6 as shown

in Table 1. The key elements to our ultimate success are the
following: (1) The pyrrole needs to be substituted with an
electron-withdrawing group such as Boc [entry 4] or Bz
[entry 5] to avoid unwanted oxidation by DMDO, (2) the
reaction proceeds better at-45 °C likely due to the fact
that it is the temperature at which the epoxidation of
allenamides occurs optimally,16 and (3) DMDO needs to be
added via a syringe pump to improve the chemoselectivity
of the epoxidation in favor of the allenamide over pyrrole.

Under these conditions, cycloadducts7 and 817 were
isolated in 76% and 86% yields, respectively, with isomeric
ratios of 82:18 [entry 4] and 83:17 [entry 5]. However, we
recognized that in comparison with respective cycloadditions
using furan and cyclopentadiene,10 the observed diastereo-
meric ratio here was even lower than when using 2.0 equiv
of ZnCl2.10

To improve the diastereoselectivity, we examined a range
of chiral auxiliaries as shown in Figure 1. It appears that the
Evans type auxiliaries18 (see cycloadducts9 and 11) and
Sibi’s auxiliary19 (see cycloadduct10) provided modest to
poor ratios, whereas the Seebach’s auxiliary20 and the
(1R,2S)-(+)-2-amino 1,2-diphenylethanol derived oxazoli-
dinone auxiliary appeared to be the best, leading to cycload-
ducts12 (also see14 with the MeOCON-substitution) and
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Scheme 1. [4 + 3] Cylcoadditions with Pyrroles Table 1. Feasibility of the Pyrrole-[4+ 3] Cycloaddition

a Isolated yields or decompositions of the starting allenamide and
pyrroles.b Ratios determined by1H and/or13C NMR.
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13, respectively, in good yields essentially as single diaster-
eomers. This is unexpected as all three types of auxiliaries
led to high diastereoselectivities in the cycloadditions of furan
especially when applying 2.0 equiv of ZnCl2.10 We are not
certain of the reason behind this difference between cycload-
ditions of pyrrole and furan.

Finally, although Close’s auxiliary21 led to lower yields
(likely due to stability of the respective allenamide), it also
provided high diastereoselectivity (Figure 1). In addition, we
were able to establish that both antipodes of the cycloadduct
15 could be attained through the usage of both enantiomers
of the auxiliary.

Establishing the stereochemical assignment for these
cycloadducts proved to be a real challenge. We had to
embark on a series of transformations to identify crystalline
materials suitable for X-ray analysis. For example, depro-
tonation of hydrogenated cycloadduct13with LDA followed
by additions of electrophilic reagents such as methyl
R-bromoacetate16a and methyl chloroformate16b led to ester
17andâ-ketoester18 in good yields as single diastereomers
(Scheme 2). Unfortunately, neither was crystalline.

Consequently, a stereoselective DIBAL-H reduction of13
provided alcohol19 in 98% yield, and this in turn allowed
us to remove the Boc group en route to amine20. Attempts
to remove the Boc group under various acidic conditions
without first reducing the ketone led to retro-Mannich
fragmentation.22 Finally, capping of amine20 with an allyl

group afforded allyl amine21as a highly crystalline material
that was suitable for X-ray analysis. Single-crystal X-ray
structure of21 (Figure 2) confirmed stereochemically that

our pyrrole-[4+ 3] cycloadditions areendo-selective in favor
of the endoproducts as shown. Therefore, the mechanistic
origin of diastereoselectivity should be similar to that
proposed for cycloadditions of furan and cyclopentadiene
(see3 f 4 in Scheme 1).10

Our efforts in trying to establish the stereochemical
assignment directed our focus to potential applications of
these new tropinones as chiral templates. Specifically, we
explored a synthetic sequence en route to theaza-tricyclic
core of a new stemona alkaloid parvineostemonine (Scheme
3), featuring a ring-closing metathesis.23 Parvineostemonine
was found by Ye and co-workers fromStemona parViflora
gathered in the Hainan Province of China and used as
traditional Chinese medicine for treatment of coughing and
also as insecticides.24 While parvineostemonine contains a

(21) Close, W. J.J. Org. Chem.1950,15, 1131.
(22) Acidic conditions used to remove the Boc group led to pyrroleii

via a retro-Mannich fragmentation followed by re-aromatization of the
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Laschat, S.; Baro, A.; Frey, W.Eur. J. Org. Chem.2004, 1397.
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Acc. Chem. Res.2001, 34, 18. (b) Walters, M. A. InProg. Heterocycl.
Chem.2003,15, 1. (c) Deiters, A.; Martin, S. F.Chem. Rev.2004,104,
2199. (d) McReynolds, M. D.; Dougherty, J. M.; Hanson, P. R.Chem. Rev.
2004,104, 2239. (e) Wallace, D. J.Angew. Chem.,Int. Ed.2005,44, 1912.

Figure 1. Product chart.

Scheme 2. Functionalization of the Pyrrole-[4+ 3]
Cycloadduct

Figure 2. X-ray sturcture of allyl amine21.
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basic skeleton similar to other known stemona alkaloids,25,26

it is unique as the bridging nitrogen atom is part of the
7-membered B-ring.

Hydrogenation of cycloadduct13 followed by Boc-
removal led to amine22 in good yields (Scheme 3). It is

noteworthy that the acid-catalyzed retro-Mannich22 fragmen-
tation does not occur when the olefin is first hydrogenated.
A standardN-allylation gave allyl amine23, and a subsequent
allylation of the lithium enolate generated from23 led to
diene24. Although this alkylation regiochemically compli-
ments our earlier work (see Scheme 2), we are not certain
as to the origin of this change of regioselectivity. Subjecting
diene24 to ring-closing metathesis conditions employing
Grubbs’ Gen-I catalyst23 led to25containing theaza-tricyclic
core of parvineostemonine.

We have described here a highly stereoselective [4+ 3]
cycloaddition of N-substituted pyrroles with allenamide-
derived nitrogen-stabilized chiral oxyallyl cations and dem-
onstrated that this cycloaddition method could serve as an
approach toward parvineostemonine.
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Scheme 3. A RCM Approach to Parvineostemonine
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