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Abstract:  Pentacyclic gelsemine intermediate 2 was prepared from 3 by a six step sequence whose key
steps are (a) intramolecular Mannich cychzation of an N-acylimamum ion intermediate to
form the azatﬁcyclo[44002'8]decane nng system, and (b) palladium catalyzed ntramolecular
alkene arylation to elaborate the spirooxindole

Gelsemune (1), the major alkaloid of gelsemium sempervirens (Carolma or yellow ]asmme),1 has
attracted significant attention from synthesis chemsts.2 Although several imaginative approaches have
been dt-,scnbed,2 no total synthesis of this complex hexacyclic oxindole alkaloid has been reported In the
previous commumcation we outlined our basic approach toward this formidable synthesis target and
reported a new efficient preparation of highly functionalized c:s-hydrmsoqumolmes?’ We now report key
aspects of our further investigations which have led to the preparation of pentacyclic intermediate 2 To
the best of our knowledge, 2 1s the most advanced gelsemine intermediate yet to be obtamed by total
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Our construction of 2 proceeds in two stages from cis-hydroisoquinoline 3, the preparation of which
was described 1n the preceding communication 3 We first construct the azatricyclo{4 4.0 02’8]decane
substructure of gelsemine by an intramolecular Manmich cychization (see equation 1) The stramn of the
tncyclo[440.02'8]decane Ting system4, and the anucipated kinetic barrier associated with having the
tetrahydropyndinium ring of 4 adopt a high energy boat conformation in order to overlap the imnwum jon

and enol n-systems, suggested that this cychzation would be difficult. As a result, we exammed cychzation

N N N
m:\ = ()
N4 —
2 16 R|/\7~ R',N
R R? a R2 5

3785



3786

of N-acylmimum 1on intermediates (equation 1, R1=COOR). since an N-acyl group would help mmgate5

retro-Mannich fragmentation of the tncychc Manmch product  Simple heating of 3 in refluxing formic
acid for 4-6 h cleanly occasioned the desired transformation and provided a single tricyclic product 65
65% yield
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In order to ntroduce functionality at carbon 16, which would allow eventual elaboratton of the
hydropyran ring of gelsermne, 3 was treated at 23°C with 1 equv of Bry m the presence of 1,2,2,6,-
pentamethylpiperidine to give the B-bromo encarbamate intermediate 7 1 88% ylcld6 Immediate
cyclization (CF3COOH, reflux, 8-10 h) of this somewhat unstable bromude afforded the tricyclic product 86
m 85% yield The structure of this key intermediate was confirmed by x-ray analysis of the crystalline,
mp 114.5-116°C, ethylene ketal derivative 9. A view of the molecular structure of 9 1s shown i Scheme
1 To the hmuts of detection by high field NMR, cyclization of the encarbamates 3 and 7 occurred
regioselectively at carbon 6 to provide only the azatricyclic products 6 and 87 The x-ray structure of 9,
moreover, establishes that a B-substituent on the starting encarbamate ends up on the exo face of the
ticylic product, consistent with preferential cychizanon of the thermodynamzc8 N-acyliminium  10n
intermediate 4 (R2=Br).
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: LDA, PhNTf,, THF, -78,> 0°C ® 1 mol % Pd(PPhy),, 2-bromeaniline, CO, 1 atm, DMF, 80°C
NaH, RX, THF, 23°C © 10-20 moi % Pd(PPh,),, CH;CN-Et;N, 82°C
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The next stage of our gelsemine synthesis involves the elaboratnon of the spirooxindole at the
carbonyl carbon of 8 1n such a way that the adjacent carbon 3 1s left functionalized for ultimate closure
of the oxacychc rnng of gelsemne. Our mitial model studies i this area’ demonstrated that
intramolecular palladium-catalyzed alkene arylahon (Heck reacuon)lo would be useful for accomplishing this
am. The cychizanon substrate, acrylaimude 11, was best prepared utihzing additional, recently reported,11
palladium chemustry.  Thus, conversion!?2 of 8 to enol tmflate 108 followed by carbonylation, in the
presence of 2-bromoamiline, provided 116 in good wyield. The success of this carbonylaton reaction
demonstrates that enol tnflates undergo oxidatve addition to Pd(O) more rapidly than aryl bromudes 13
However, the amine must be primary, since simlar reaction of N-benzyl-2-bromoamline proceeded in low
yield only. Cychzaunon of 11 proceeded under standard Heck condiions™*10 to provide the stereoisomeric
pentacyclic products 26 and 125 1 excellent yield (see Scheme 2). That the major isomer 2 has the
desired configuration at the spwro center was readily established by the ly NMR NOE experiments

summarized 1n Figure 1

Figure 1

Pentacyclic intermediate 2 1s, to the best of our knowledge, the most advanced gelsemne
mtermediate yet synthesized. It contans sufficient functionality at carbons 3 and 16 to suggest that u
may prove to be a wviable precursor of the target alkaloid. Of equal significance, the total synthesis
endeavors recorded 1n this and the prev10u53 communication have served as a stimulus for the development
of several new transformations of potential general utility in synthesis  Specifically demonstrated n the
present communication are the viabiity of Manmich cyclhizatons that proceed wia boat tetrahydropyndinium
cations!# and the power of palladium catalyzed ntramolecular insertions to establish quaternary carbons

on highly congestcdls structural templates
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