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SYNTHESIS STUDIES DIRECTED TOWARD GELSEMINE. A NEW SYNTHESIS OF
HIGHLY FUNCTIONALIZED CIS-HYDROISOQUINOLINES
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Department of Chemustry, Umversity of Califorma
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Abstract: Cis-Hydrowsoquinolines can be prepared in good yields by treatment of readily available endo-1-
(cyanomethyl)-6-hydroxybicyclo[2.2.2 Joct-5-en-1-yl amines with KH as summanrized in Scheme 3

Gelsemune (1), the major alkaloid of gelsemuum sempervirens (Carolina or yellow jasmine) was first
1solated m the 1870°s% yet not fully characterized until 1959 23 Gelsemum sempervirens has a long
medicinal hlsmry4 and in wivo physiological studies reveal that gelsemine has strong CNS stimulant as
well as anthypertensive activity.2’4 The unusual and compact hexacyclic skeleton of gelsemune presents a
formudable synthesis challenge. Although some progress has been reoorded,5 gelsemine has not yielded
thus far to total synthesis. We report here a new method for prepanng highly functionalized cis-
hydroisoquinolines which was developed during the early phase of our gelsemune total synthesis program
In the accompanying communication we describe elaboration of one of these intermediates to assemble five
of the six nings of gelsemine.

Scheme 1

Gelsemine (1)

Our basic approach to gelsemune 1s outhmed n Scheme 1 and features construction of the
azatncyclo[440.02'8]decane substructure of gelsemine from a readily available bicyclo[2 2 2]Joctenyl amine
precursor (Le. 3 — 2). We envisaged munally that the cationic aza-Cope rearrangement-Manmch
cychzation reaction® outlined 1n equation 1 might accomplish this cnitical reorganization.

S G

Our investigations began with the stereoselective synthesis of several endo-bicyclof2 2.2]Joct-5-en-1-yl
amines by the straightforward Diels-Alder cycloaddluon7-Ctnrtius rearrangement approach summarized in
Scheme 28 Most notable i thus sequence 15 the high stercoselecuvity (endo exo = 8-10:1) of the AICly
catalyzed Diels-Alder reaction of 1-alkoxy-1,3-cyclohexadienes 4% and 4b!0  wih methyl acrylate. The
termunal vinyl substituent, desuned for the angular C-20 posiion of gelsemune, was readily introduced by
Se0, oxidation of 5b followed by Wittig methylenation of the resulting enal to provide 9.
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Iminally, 1n a model series, we explored rearrangement of the formaldiminium ion derived from 7a.
To our disappointment, 11 did not undergo [3,3]-sigmatropic rearrangement but underwent simple Manmch
cyclhization at the proximal termunus of the alkene double bond to afford ultimately the 10-methylene-4-
azamicyclo[4 3.1.03'7]doca.ne 128 (see equaton 2). As a result of the high electrophalicity of the imumum
1on grouping, bond formation may be far advanced with respect to bond cleavage mn immimum 1on [3,3]-
sigmatropic rearrangementsu Thus, the greater strain of the twistane tricyclodecane skeleton 14 relatuve
to 13 provides a rationalization for the fatlure of 11 to undergo the desired aza-Cope rearrangement 12
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13, Steric Energy = 30 4 kcal/mol 14, =
f Shf? Energy = 32.6 kcalmol
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One way to relieve constraints mmposed by the rigid bicyclo[2.2.2]Joctenyl skeleton would be to alter
the electromc nature of the rearranging system i such a way to advance bond cleavage relative to bond
formaton The important studies of Evans and Goddard!? on the ongn of base acceleration!4 m the oxy-
Cope 1'earrangement1 suggested that the base-catalyzed hydroxy-aza-Cope rcarrangcmentls (see Scheme 3,
16 — 17) would have a "looser” transition state than the rearrangement of the corresponding alkoxy
munium 1on.  The desired anionic [3,3]-sigmatropic rearrangement was successfully accomplished by
treatment of hydroxy cyanomethylamine 153 with excess KH at room temperature 1416 17 the case of
15a, quenching this rearrangement after 25 h with an excess of HCN provided the crystalline (mp 128-
129°C) cis-hydroisoquinoline 185 m yields that ranged from 76-94%  The structural assignment for this
product was unambiguously established by single-crystal x-ray diffracton analysis of benzamude denvative
1917 Alternatively, imine enolate 17b was acylated at both heteroatoms by quenching with an excess of
methyl or ethyl chloroformate, followed by selective cleavage of the resuling encarbonate functionality to
afford the bicyclic keto encarbamates 208 and 218 1n excellent yield.
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The preparaton of functionalized cis-hydroisoqunolines from readily accessible endo-6-
hydroxybicyclof2.2 2]Joct-5-en-1-yl amunes constitutes a new and useful synthesis of this widely occurmnng
Ting system.18 The ability to occasion aza-Cope rearrangements 1n electron excessive (imune-alkoxide) as
well as electron deficient (rmmum 10n-hydroxyl) systems considerably broadens the scope of the aza-Cope
synthesis strategem. The conversion of 20 to an advanced gelserune intermediate 1s described in the
following commumnication
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