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Abstract: 

SYNTHFSS STUDIES DIRECTED TOWARD GELSEMINJL PREPARATION 

OF AN ADVANCED PENTACYCLIC INTERMEDIATE 

Wilham G. Earley, Taeboem Oh and Larry E. Overman* 

Department of Chemistry, University of Califoxnia 

Irvme, C&forma 927 17 

Pentacychc gelsemme tntermedtate 2 nw prepared from 3 by a six step sequence whose key 
steps are (a) mtramolecular Mannich cycltzation of an N-acylimtmum ton uttermediate to 
form the azatricyclo[44 0dS8]decane nng system. and (b) palkuiium cakatyzed vunamolecular 
alkene arylanon to elaborate the spirooxlndole 

Gelsemme (I), the mayor alkaloid of gefsemuun sempervirens (Carohna OT yellow Jasmme),’ has 

attracted slgmficant attenuon ftom synthesis chenusts? Although sevetal unagmauve approaches have 

been descnbed,2 no total synthesis of this complex hexacychc oxmdole alkaloid has been reported Iu the 

previous commumcation we outhned out baste approach toward this formidable syntheses target and 

reported a new effiment preparauon of highly funcuonahzed crs-hydrolscxpunohnes3 We now report key 

aspects of our further mvesttgaaons whmh have led to the preparation of pentacychc mtermdate 2 To 

the best of our knowledge, 2 is the most advanced gelsemine mtermedtate yet to be obtamed by total 

syntheses 

Gelsemine (1) 

Our constructton of 2 proweds m two stages from cas-hydrotsoqmnoline 3, the preparation of whtch 

was described m the precedmg commumcanon 3 We first construct the axalncyclo[4 4.0 02**]decane 

substructure of gelsemme by an mmunolecular Manmch cychxanon (see equauon 1) The stram of the 
mcyclo[4 4 O&*]deeane rmg system4, and the anttctpated kineuc banter associated wnh havmg the 

tetrabydropyndmium tmg of 4 adopt a htgh energy boat confotmauon m order to overlap the munmm ion 

and enol x-systems, suggested that this cychxanon would be dBicult. As a result, we exammed cychzauon 
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of N-acyhmunum ion lntermtiates (equatton 1, R1=COOR), since an N-acyl group would help rmtlgate’ 

retro-Manmch fragmentanon of the mcychc Manmch product Snnple heatmg of 3 111 refluxlng fornuc 

acid for 4-6 h cleanly occBsloned the desired transfonnanon and prowded a sqle mcychc product 66 m 

65% yield 

Scheme Meo2cN* 1 - M@oaz!p 

3, R=H 6, R=H 
7, R=Br 8, R=Bf 9 

In order to introduce fmchonahty at carbon 16, whch would allow eventual elaboration of the 

hydropyran nng of gelsermne, 3 was treated at 23’C with 1 eqnv of Br2 111 the presence of 1,2,2,6,- 

pentamethylplpendme to @ve the Rbromo encarbamate mterrndate 7 111 88% yield’ Imrndate 

cychzanon (CF3COOH, reflux, 8-10 h) of thrs somewhat unstable bromde afforded the mcychc product ?I6 

111 85% yield The structure of thus key mtermtiate was confirmed by x-ray analysis of the crystalline, 

mp 114.5-116°C, ethylene ketal denvafive 9. A ylew of the molecular structure of 9 IS shown III Scheme 

1 To the hmrts of dete&on by high field NMR, cyclizatlon of the encarbamates 3 and 7 occurred 

regioselectively at carbon 6 to prowde only the azamcychc products 6 and S7 The x-ray structure of 9, 

moreover, estabhshes that a Rsubstituent on the startmg encarbamate ends up on the exe face of the 

mcyhc product, consistent Hrlth preferential cychzafion of the thermodynamics N-acyhmnuum ion 

mterme&ate 4 (R2=Br). 

Scheme 2 

8 A b 

R=Me, 81% (1520 1) 

z LDA, PhNTfz, THFd -78p 0°C 
NaH, RX, THF, 23 C 

b 1 mot % Pd(PPh&, Pbromoamlme, CO, I atm, DMF, 80°C 
lo-20 mol% Pd(PPh,),, CH,CN-E&N, 82’C 
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The next stage of our gelsemme syntheses mvolves the elaboratron of the spirooxmdole at the 

carbonyl carbon of 8 111 such a way that the adJacent carbon 3 is left functronahxed for ulumate closure 

of the oxacychc nng of gelsemme. Our tnitial model studres m thrs area9 demonstrated that 

tntramolecular palladium-catalyzed alkene arylauon (Heck macuon)1o would be useful for accomphshmg tlus 

attn. The cychxatron substrate, acrylamrde 11, was best prepared utibxtng addmonal, recently reported,*’ 

palladmm chemtstry. Thus, convezuon12 of 8 to en01 tnflate lo6 followed by carbonylatton. in the 

presence of 2bromoantlme, provrded 116 in good yreld The success of thrs carbonylatton reaction 

demonstrates that enol mflates undergo oxrdahve addmon to Pd(0) more rapidly than aryl bromides l3 

However, the amme must be primary, smce srmtlar reactton of TV-benzyl-2bromoamlme proceeded rn low 

yteld only. Cychxatton of 11 proceeded under standard Heck condrhons9~10 to provrde the stereotsomenc 

pentacychc products P and 126 m excellent yteld (see Scheme 2). That the mayor isomer 2 has the 

desired configurauon at the sprro center was r&y estabhshed by the ‘H NMR NOE expenments 

summarized in Figure 1 

Figure 1 

Pentacyclic intermediate 2 is, to the best of our knowledge, the most advanced gelsenune 

intermedtate yet synthesized. It contams suffictent functtonahty at carbons 3 and 16 to suggest that tt 

may prove to be a vtable precursor of the target alkaloid. Of equal sigmflcance, the total syntheses 

endeavors recorded in thrs and the prevrous3 commumcatton have served as a sttmulus for the development 

of several new transformauons of potential general utrlity m synthesis Specrfically demonstrated m the 

present commumcauon are the vlabtltty of Manmch cychxattons that proceed VIU boat tetrahydropyndnuum 

cauons14 and the power of palladtum catalyzed muamolecular msemons to estabhsh quaternary carbons 

on highly congested15 structural templates 
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