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ABSTRACT

A TiCl4-promoted tandem intramolecular Prins cyclization/Schmidt reaction has been designed and developed to be an efficient method for the
construction of the azaspiro[4,4]nonane. The present tandem protocol has been employed to construct the tricyclic azaquaternary skeleton (ring
A, B, and C) of stemonamine.

Herbal extracts of the Stemonaceae plant have long been
used in traditional medicine in East Asia for the treatment
of respiratory diseases and as domestic insecticides. More
than 130Stemona alkaloids have been isolated to date from
the monocotyledonous family Stemonaceae.1 The Stemo-
namine group alkaloids2 1a-1g (Figure 1), which are
characterized by the presence of the cyclopenta[1,2-b]-
pyrrolo[1,2-a]azepine nucleus, represent a class of polycy-
clic Stemona alkaloids and have been synthetic targets in
organic chemistry for many years. In the past decade, five
different strategies toward the syntheses of the Stemonamine

group alkaloids have been accomplished based on rational
design and fundamental research.3

Previous investigations in our laboratory showed that
theA andB rings of stemonamine (1a) could be established
based on a cascade semipinacol rearrangement/Schmidt
reaction or a desymmetric intramolecular Schmidt
reaction,4 and the construction of ringCwould needmore
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manipulations involving an aldol cyclization.3c,f However,
a more efficient approach to forge the tricyclic azaquater-
nary core of 1a was still a challenging task to us, especially
via a tandem reaction of a readily available substrate. In
connection withOverman’s pinacol-terminated Prins cycli-
zations5 and our previous studies on a semipinacol rear-
rangement/Schmidt reaction,6 we envisioned that an intra-
molecular cascade Prins-pinacol/Schmidt rearrangement
could lead to the tricyclic skeleton of 1a.7,8 Herein, we wish
to present our study on this tandem protocol and its appli-
cation to the formal synthesis of (()-stemonamine (1a).
The designed tandem reaction is shown in Scheme 1.We

conceived that the azido-acetal compound 2 would under-
go a Prins-pinacol cyclization promoted by a Lewis acid to
generate an azido-ketone intermediate 3, which was ex-
pected to subsequently undergo an intramolecular Schmidt
reaction under the same conditions to give the desired
tricyclic product 4.
According to the aforementioned idea, we initially

started our investigation using a relatively simple linear
substrate 5, which could be conveniently obtained from
ketone69 (Scheme2).Thus, 1,2-additionof the vinyl cerium
reagent10 derived from 711 to 6, followed by removal of
TBDPSgroupaffordeddiol8. Selectivemesylationof 8and

subsequent displacement with NaN3, followed by TMS
protection of tertiary alcohol resulted in the formation of
azido-acetal 5 in 78% overall yield from 6. With 5 in hand,
the key Prins-pinacol/Schmidt reaction was attempted. To
our delight, the rearrangementwas enabled by treatment of
5with 1.1 equiv of TiCl4 (-78 to 10 �C, then quenchedwith
water). Purification of the resulting product on silica gel
gave the desired azaspiro adducts in 86% yield (separable
diastereoisomers 9a and 9b in the ratio of 1.3:1). Next, the
mixture of 9a and 9b was subjected to demethylation with
AlCl3 in ethanethiol12 and oxidation using Dess-Martin
periodinane13 to yield ketone 10. The efficient construction
of the azaspiro[4,4]nonane 10 not only was a model study
used to determine the possibility of the cascade course but
also afforded a viable synthetic intermediate for advance-
ment to the alkaloids containing an azaspirocyclic system,
such as cephalotaxine.14

Based on the success of the model system, we attempted
to incorporate the cyclopentane unit required for forming
the tricyclic core of 1a via a tandem reaction. As shown in
Scheme 3, treatment of the known compound 115awith the
cerium reagent and then TBAF furnished compounds 12a
and 12b in the ratio of 5:1, which were readily separated by
column chromatography.

Scheme 1. Design of an Intramolecular Tandem Prins-Pinacol/
Schmidt Rearrangement to Forge the Tricyclic Skeleton of 1a

Scheme 2. Model Study of the Cascade Protocol

Figure 1. Seven alkaloids of the stemonamine group.
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The isomers 12a and 12bwere converted to azido-acetal
2a and 2b through several transformations mentioned
above in the yield of 92% and 85%, respectively. Next,
the key rearrangement to access the core of 1a was
attempted. Gratifyingly, reactions of 2a and 2bwith TiCl4
inCH2Cl2 at-78 to 10 �Cboth provided the fused tricyclic
compounds 4 with different diastereomeric ratios in high
yields. Demethylation of 4 followed by oxidation gave
ketone 13 as a single diastereoisomer. The X-ray crystal-
lographic analysis of 13 verified the stereospecificity of the
tandem reactions of substrates 2a and 2b, namely, the
cis-fused bicycle (ring A and C in 4) was forged in the
rearrangement.

A possible sequential mechanismof this cascade reaction
wasproposed on the basis of the above experimental results
and the literature reports5c,15 (Scheme 4). The TiCl4-pro-
moted Prins cyclization of ring-enlarging cyclopentane
annulations of 2a and 2b took place through path a and
path b to deliver the same cis-fused intermediate 3, which
then underwent an intramolecular Schmidt reaction pro-
moted by the same Lewis acid to afford the rearrangement
product 4. In the absence of overriding steric effects, the
Prins cyclization should occur preferentially through a
stereoelectronically favored pathway. For substrate 2a,
the transition state of the Prins cyclization would adopt
the U to V pathway in order to favor the stereoelectronic
effect and avoid steric destabilization. In the case of sub-
strate 2b, the Prins cyclization would took place through a
stereoelectronically less favored pathway (W to X). It was
assumed that the steric destabilization between the original
azido-chain and two carbons of the cyclopentane ring (the
starred carbons ofY andZ) might retard the occurrence of
the transition state Y to Z.
To complete the formal synthesis of stemonamine, the

final challenge was dehydrogenation and introduction of a
methyl group on ringC of 13 (Scheme 5).R-Methylenation
of ketone 13 with a series of bases (KHMDS, LHMDS,
KH, or NaH) and Eschenmoser’s salt16 afforded the
undesired C-7 methylenation product. Similar R-methyle-
nation using t-BuOK and paraformaldehyde gave a com-
plexmixture of products.Gratifyingly, treatment of ketone
13 with KOH/PhI(OAc)2

17 afforded a C-9 hydroxy di-
methylketal 14 in 80% yield, which was subsequently
oxidized by Dess-Martin periodinane to ketone 15 in
90% yield. Ketone 15 was converted into its enol triflate
using KHMDS/PhN(Tf)2, and the methyl moiety was
introduced via Kumada coupling18 (quenched under acid
conditions to remove the dimethylketal group) to give the
desired intermediate 16 in 53% overall yield from 4, which
could be conveniently converted to 1a according to our
previously reported procedure.3c

In summary, we have designed and developed a
new Lewis acid promoted tandem intramolecular Prins

Scheme 5. Synthesis of Enone 16Scheme 3. Construction of Tricyclic Core 13

Scheme 4. Possible Reaction Mechanism
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cyclization/Schmidt reaction. This protocol was efficiently
employed to synthesize the azaspiro[4,4]nonane which
might be a viable synthetic intermediate and to construct
the azaquaternary tricyclic skeleton in the formal synthesis
of stemonamine. Furthermore, a possible mechanism of
this cascade process has been proposed in the present
report. Efforts toward the total synthesis of other alkaloids
based on the present tandem reaction is currently under-
way in our group.
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