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A general and efficient approach to both 7-aryloctahydroin-
dole and cis-3a-aryloctahydroindole alkaloids has been
developed. The key step involves Michael additions of the
corresponding kinetics and thermodynamics lithium enolates
of ketone 9 to the versatile building blocks: nitroethylene
10. Two representative members, (+)-y-lycorane and (+)-
crinane, have been synthesized in 22 and 36% overall yields,
respectively.

The lycorine-type and crinine-type alkaloids, which
possess 7-aryloctahydroindole and cis-3a-aryloctahydroin-
dole nuclei, respectively (as shown in Figure 1), constitute
a large class of structurally diverse natural products
existing widely in the Amaryllidaceae alkaloids,! such as
y-lycorane (1),2 lycorine (2),° and crinine (4),* as well as
some nonnatural products, such as crinane (3).> Due to
their intriguing structures, the wide range of biological
activities, and ability to be a proving ground for new
strategy and synthetic methods, these two groups of
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FIGURE 1. Representative lycorine-type and crinine-type
alkloids.

alkaloids have been attracting considerable attention
from organic chemists over the years. Because establish-
ment of the five-membered nitrogen-containing ring of
the above two aryl substituted octahydroindole nuclei is
critical, a number of synthetic efforts have emerged to
address appropriate “C—C—NHy” synthons. Up to now,
Mitsunobu reaction,?5* Wadsworth—Emmons reaction,2e
and nucleophilic displacement?d have been intermolecu-
larly utilized to create the “C—C—NH,” segment. Despite
the above strategies for the different “C—C—NH;” syn-
thons, there have been no reports on the application of
the nitroethylene® as a key building block for the con-
struction of the above two types of alkaloids.

In connection with our previous investigations, we have
recently reported the total syntheses of (+)-crinane and
its analogue.” This achievement encouraged us to develop
other kinds of conceptually new strategies, especially the
more general and efficient, for these two types and other
more complex alkaloids. Herein, we wish to present a
highly concise tactic for both of the above two aryl
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SCHEME 1. Retrosynthetic Analysis of
(1)-y-Lycorane and (+)-Crinane
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substituted octahydroindole nuclei and its application to
the total synthesis of (£)-y-lycorane (1) and (+)-crinane
(3) from the same starting compound. Meanwhile, it is
worthy to note that, as the powerful acceptor of the
strategy key Michael addition reaction, nitroethylene® is
a particularly versatile building block and can serve as
the needed “C—C—NH,” synthon.® Herein, we hope this
work will enrich and expand its present limited utility
in organic chemistry,’ especially the total synthesis of
natural products.

Our retrosynthetic considerations (Scheme 1) on 1 and
3 were focused on establishment of 7-aryloctahydroindole
5 and cis-3a-aryloctahydroindole 6, which can be con-
verted to the target molecules by some facile steps. In
turn, 5 and 6 might be prepared from y-nitro carbonyl
compounds 7 and 8 through several transformations
involving the reductive cyclization and further reduction.
As the key strategy level step, Michael additions to
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SCHEME 2. Total Synthesis of (+)-y-Lycorane
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nitroethylene 10 using the corresponding kinetics and
thermodynamics lithium enolates of ketone 9 would
provide the desired precursors 7 and 8, respectively.
Thus, two different routes were connected and could be
started from the same starting materials.

Initially, we selected (4)-y-lycorane (1), possessing the
basic structural elements of lycorine-type alkaloids, as
an optimal target to test our strategy. As demonstrated
in Scheme 2, 2-arylcyclohexanone 9'° could be readily
synthesized from the commercially available cyclohexene
oxide 11 in 88% overall yield via two steps involving the
nucleophilic addition promoted by BFs-Et,0!! and oxida-
tion of the formed alcohol by PCC. With 9 in hand, the
key Michael reaction was then investigated. As expected,
subjection of the kinetics lithium enolates of ketone 9 to
the nitroethylene 10'2 gave rise to the desired y-nitro
carbonyl compounds as a 25:1 mixture of diastereoiso-
mers in 85% combined yield, and the major isomer 7'
was easily isolated by silica gel column chromatography.
The following reductive cyclization of y-nitro carbonyl
compound 7 with Ni—Raney/H; led to the unstable
cycloimine 12, which was transformed to the amine 5
directly by further reduction with NaBH3CN.?» Unfortu-
nately, attempted direct conversion of 5 to y-lycorane (1)
by Pictet—Spengler cyclization using either Eschen-
moser’s salt or paraformaldehyde and CF;COOH was
unsuccessful to result in recovery of starting material 5.
Then, treatment of 5 with benzyl chloroformate in the
presence of pyridine afforded carbamate 13, which is the
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SCHEME 3. Total Synthesis of (+)-Crinane
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known intermediate for the synthesis of 1.2> Finally, the
total synthesis of 1 was accomplished according to the
reported sequence through Bischler—Napieralski cycliza-
tion and the final lithium aluminum hydride reduction.?

The successful synthesis of (+)-y-lycorane 1 encouraged
us to focus on another more challenging molecule, (+)-
crinane (3), which contains a sterically congested qua-
ternary carbon center located at the hydroindolone
bridgehead, and a number of synthetic efforts have
emerged to address this problem.!* As shown in Scheme
3, our synthesis is started from the identical ketone 9,
which could be converted to the thermodynamics silyl
enol ethers 15 smoothly according to the reported pro-
tocol.’ By Li—Si exchange reaction of 15 with 1.0 equiv

(14) For recent reviews on stereoselective construction of a quater-
nary carbon center, see: (a) Christoffers, J.; Mann, A. Angew. Chem.,
Int. Ed. 2001, 40, 4591. (b) Corey, E. J.; Guzman-Perez, A. Angew.
Chem., Int. Ed. 1998, 37, 388. (c) Seebach, D.; Sting, A. R.; Hoffmann,
M. Angew. Chem., Int. Ed. 1996, 35, 2708. (d) Fuji, K. Chem. Rev. 1993,
93, 2037.
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of MeLi,' the corresponding thermodynamics lithium
enolate was formed, and the subsequent Michael addition
to nitroethylene 10 furnished the key intermediate 8 in
68% yield. Following the crucial construction of the
quaternary carbon center, the cis-3a-aryloctahydroindole
core structure 6 was readily obtained via the similar
transformations of reductive cyclization and the further
reduction in 75% overall yield. Its spectral properties
were in agreement with those previously reported.
Finally, according to the reported Pictet—Spengler cy-
clization procedure, treatment of 6 with Eschenmoser’s
salt at 40 °C in THF for 24 h yielded (+)-crinane (3).
In summary, we have developed a general and highly
concise strategy for syntheses of both 7-aryloctahydroin-
dole and cis-3a-aryloctahydroindole alkaloids. The key
step is the Michael additions to nitroethylene 10 with
the corresponding kinetics and thermodynamics lithium
enolates of ketone 9, and the total syntheses of (£)-y-
lycorane and (+)-crinane have been achieved. Application
of this methodology to other kinds of more complex
alkaloids is currently under investigation in our group.
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