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Abstract:

In order to advance the existing methodology of allylsilane-terminated cyclizations, a series of
amino-allyl(bis)silanes was prepared for use as intermediates in route to cationic cyclizations
terminated by the novel allyl(bis)silane nucleophile. This terminator was found to readily participate in
the intramolecular trapping of activated imines and C-acylnitrilium ions providing highly substituted
and functionally diverse pyrrolidines, piperidines and pyrrolines. These processes occurred not only in
high chemical efficiency under mild conditions but with excellent levels of regioselectivity and
substrate based stereocontrol.

As a result, this methodology was successfully applied to the stereoselective synthesis of biologically
active isotropane alkaloids and the azapolycyclic core of the potent natural insecticide, stemofoline.
These applications demonstrated the ability of the allyl(bis)silane terminator to engage in tandem
silicon-directed cyclizations. Such reactivity was not possible with the silane terminators previously
used by synthetic chemists.
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ABSTRACT

In order to advance the existing methodology of allylsilane-terminated
cyclizations, a series of amino-allyl(bis)silanes was prepared for use as
intermediates in route to cationic cyclizations terminated by the novel
allyl(bis)silane nucleophile. This terminator was found to readily participate in
the intramolecular trapping of activated imines and C-acylnitrilium ions
providing highly substituted and functionally diverse -pyrrolidines, piperidines
and pyrrolines. These processes occurred not only in high chemical efficiency
under mild conditions but with excellent levels of regioselectivity and substrate
based stereocontrol.

As a result, this methodology was successfully applied to the
stereoselective synthesis of biologically active isotropane alkaloids and the
azapolycyclic core of the potent natural insecticide, stemofoline. These
applications demonstrated the ability of the allyl(bis)silane terminator to engage
in tandem silicon-directed cyclizations. Such reactivity was not possible with
the silane terminators previously used by synthetic chemists.
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acyliminium ion-alkene cyclization that produced aimost équal proportions of |
both the desired six membered cycle a‘n‘c'i the unwanted five membered
spirocycle (Scheme 5). Furthermore, the need for 0.1M formic acid as the
solvent to promote this cyclization also presents limited applicability of the
reaction to more sensitive substrates. |

Fortunately in 1976, lan Fleming found a means by which total control
over alkene-terminated cyclizations could be obtained.> Prior to this original
work, the reactivity patterns of intermolecular additions of allyl and propargylic
silanes® were known to be regioselective. Fleming realized tﬁat such selectivity
might also be achieved in the intramolecular mode of reaction. He decided to
test this possibility on another troublesome system encountered by Johnson. In
the Johnson protocol, a particular oxonium ion-initiated cyci:l-ization‘ yielde'd‘ not
only all three possible olefins but products resulting from solvent capture of the
carbonium ion as well (Scheme 6).7 Fleming circumvented this by inserting a
trirﬁethylsilyl group on the appropriate carbon atom of the starting material. The -
resulting allylsilane-terminated cyclization proceeded with régiosp_eci’ficity to |
furnish exclusiVer the desired product in 76% yield (Scheme 7). Noteworthy is
the fact that the cyclization could now be triggered by SnCly rather than the

harsher Bronsted acidic medium needed to trigger Johnson's cyclization.
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Application to Total Synthesis of Alka/oidé g

The successful total synthesis of a natural product offers the ultimate
arena in which to test the applicability and practicality of re,act‘ionv )
method'ologies. In the pasf two decades the cyclizations of a'IIyIsiIan’es onto
iminium ions such as those previously described have served as efficient key
steps in several syntheses of polycyclic alkaloids. . A premier example is the

- total synthesis of both antipddes of the opium alkaloids morphine and
dihyd_rocodeinone executed by the Overman group in 1993 (Scheme 20).37 In
‘the syn‘tﬁet‘ic sequence the central step involved application of'tﬁe '
'diastefeoselective synthesis of cis and trans hydroisoquinolines previously
developed by Overman (Scheme 16). In this instance the large DBS amine
protecting group was used in the iminium ion-allylsilane cyclizat_ion to promote
the trans configuration present in thé natural target molecules. The process
occurred with high diastereoseléction (>20:1.0), high enantioselection (81% eé)
and'in high chemical yiéld (82%). An intramolécular Heck cyclization then
furnished the common pentacyclic intermediate use to prepare both of these
opiates. The absolute chirality of the products was introduced in the
preparation of the requisite allylsilane amine by an enantioselective reduct‘io.n.
This was carried out in 96% ee and enabled the preparation both enantiomeric

substrates whose-absolute configuration was preserved with high stereofidelity

throughout the key sequence.
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these examples. Despite the past and ongoing research activity in this area,
there still exists a need for achieving general and consistent levels of high
diastereocontrol in the addition of allylsilanes and related pi-nucleophiles to

carbon centered electroph—iles.
Electrophilic Additions to Allylbis(silanes)

A fundamental limitation that lies wﬁhin the silicon-based pi-nucleophiles
currently available fo the éynthetic chefnist is the attachment of a single
electrofugal silane group. As a result, onfy one dirécted cyclization is possible.
If sequential électrophilic additions are desired in a synthetic plan, those
occurring after the initial silicon-controlled reactlon would have to be carried out
with a conventional pi-nucleophile and would be prone to the reglocontrol
problems previously addressed.

An obvious advancement, particularly in the broad field of allylsilane
chemistry, would be to efficienﬂy prepare and utilize an allylbis(silane)
nucleophile. Such an olefin could be apt to participate in tandem silicon-
directed electrophilic additions. Ultimately, an allyl(bis)silane terminator could
theoretically enable the efficient construction of polycyclic skeletons (Scheme.
24). If usedin conjunction with nitrogenous initiators, this concept might be -
ideally suited for the regio- and stereocontrolled synthesis of polycyclic

alkaloids.
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