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ABSTRACT: THE USE OF DITHIANE CHEMISTRY TO SYNTHESIZE FUNCTIONALIZED AZOMETHINE
YLIDES WHICH ARE THEN EMPLOYED IN [3+2] CYCLOADDITION CHEMISTRY IS DESCRIBED. THE
ADVANTAGES OF THIS METHODOLOGY AS WELL AS AN APPROACH TO THE LYCORENINE ALKALOID
SYSTEM ARE PRESENTED.

A number of recent reports have described the use of amino acids and their
alkyl or silyl esters as precursors to azomethine ylides, employing a condensation
reaction with aldehydes for their genesis.'~3 The dipoles thus formed are readily
trapped by a C-C multiple bond to yield a variety of derivatives of pyrrolidine. Of
particular utility is the reaction of amino esters of type 1 with an unsaturated
aldehyde such as 2 to afford the bicyclic adducts 3, derived from an intramolecular
reaction mode. This ring-forming transformation has been shown to proceed with a
high degree of stereoselectivity about the newly formed C-C bonds as the process
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effectively annulates a pyrrolidine ring to an internal olefin. Reactions such as
this, which construct two carbon-carbon bonds simultaneously, are relatively rare in
organic synthesis and the few on record have found extensive application. We wish to
report a further extension of this cycloaddition methodology to include functiona-
lized olefin-aldehydes of general structure 4 (Scheme 1), possessing a dithiane group
alpha to the carbonyl moiety and offering a number of advantages in their construc-
tion and subsequent transformations.
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Aldehydes 4 condense with N-alkyl glycinates 5 to yield the annulated
pyrrolidines 7, products of an intramolecular [3+2] cycloaddition reaction of the
presuméd intermediate azomethine ylides 6.* The substrate 4a is readily prepared in
a one-pot reaction by alkylation of 2-lithio-1,3-dithiane with 4-bromobut-1-ene
followed by a subsequent deprotonation with n-butyllithium and formylation with
dimethyl formamide.5 The aldehyde &b is prepared in a similar manner with 5-bromo-
pent-1-ene. The synthesis of the styrene-derived dithiane aldehyde 4c is shown in
Scheme 2. 0Ozonolysis of 1-phenylcyclopentene (8), followed by treatment with tosic
acid in methanol affords the corresponding aldehyde dimethyl acetal® 9, which is
converted into the desired crystalline dithiane 10 by 1,3-propanedithiol. Wittig
methylenation of 10 and formylation of the dithiane anion of the resulting product
provides the substrate 4c.
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The major product of these dipolarcycloadditions is the one in which the
newly formed bicyclic system is cis fused and the pendant ester group is oriented cis
to the hydrogen(s) at the ring Junction.h? These assignments are supported by
the chemical shift and coupling constant exhibited by Ha: 7a, 63.38 (d, J=9); 7b,
83.11 (d, J=7); 7c, 63.29 (d, J=8); 7d, 63.83 (s). The successful cyclization of
these functionalized olefin aldehydes overcomes some limitations observed in the
“parent” cases. For example, the cycloaddition reaction fails totally for 6-heptenal
and 6-phenyl-6-heptenal, presumably a consequence of the competing aldol polymeri-
zation pathway often found in enolizable aldehydes. Attempted modifications such as
the use of the silyl esters23:P of alpha amino acids or the free amino acids them-
selves , successful in some other recalcitrant cases, did not yield any dipolarcyclo-

addition products in these examples,
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Some useful transformations of the functionalized cycloadducts are presented in
Scheme 3. Mercuric ion-catalyzed hydrolysis of the dithiane moiety in cyclo-

adducts such as 13 yjelds the ketone 12 while maintaining the cis ring fusion (Ha:
3.51 (d,J=9). The ester group can be reduced to the alcohol 14, a potential inter-
mediate for ring expansion chemistry,$2:8® or totally removed by the methodology of
Rapoport8c  to provide the pyrrolidine derivative 15. Finally, the dithiane group
itself may be reductively removed with nickel boride® to afford the unsubstituted
case 16. Such a transformation “remedies” the failure of some enolizable aldehydes
to undergo the cycloaddition and afford products such as 16 directly.

A large number of naturally occurring alkaloids contain a cis-fused per-
hydroindole ring system as a key structural element, most notably members of the
Amaryllidaceae family such as crinine, tazettine, lycorenine, and mesembrine.? A
model study for the synthesis of the antihypertensive alkaloid lycorenine is pre-
sented in Scheme 4. An important consideration for such an approach to lycorenine
based on azomethine ylide cycloaddition chemistry is the regiochemistry of the
intramolecular reaction in which the C-C multiple bond is an allene., Thus, the
allenic aldehyde 20 is prepared from ethyl 1,3-dithiane-2-carboxylate (17) and
5-bromo-1,2-pentadiene (18)" to yield 19 via the method of Eliel,i2 followed by
reduction with lithium aluminum hydride &nd -oxidation by DMSO/oxalyl chloride.®
Condensation of 20 with sarcosine ethyl ester provides the two cycloadducts 21
[63.62 (d,1, J=9), 4.91 (d,1, J=2), 5.14 (d,1, J=2) 19% ] and the 22 [563.61 (s,1),
5.47 (s,1) 28% ]. Fortunately, the observed regiochemistry favors the desired isomer
22 in this unoptimized reaction and is opposite to that reported by Le Bel™ in an
analogous study involving intramolecular nitrone-allene [3+2] cycloadditions. There-
fore, this chemistry provides a ready access to the lycorenine system and represents
a novel approach to the natural product and its cogeners.
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In summary, the use of alpha dithiane-substituted olefin aldehydes as
precursors to functionalized azomethine ylides has been shown to offer several
advantages: 1) the preparation of the olefin-aldehydes is greatly facilitated by the
use of dithiane anion chemistry; 2) the 1,3-dithiane moiety is thermally stable,
allowing sluggish cycloaddition reactions to be carried out; 3) the "protection" of
the labile enolizable hydrogens of the aldehyde group now permmits cycloaddition
reactions which fail in the parent case to be performed successfully; and 4) the
versatile dithiane group is an effective agent for the introduction of other func-
tionality in the resulting cycloadducts.
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