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Total Synthesis of (+)-Heilonine

Significance: (+)-Heilonine is a steroidal alkaloid 
that was isolated in 1989 from Fritillaria ussuriensis-
Maxim. It is a member of the cevanine alkaloids, of 
which only one has been synthesized prior to this 
work. (+)-Heilonine consists of a hexacyclic frame-
work, including a quinolizidine.

Comment: Ester D is accessed in enantiomerically 
enriched form via an asymmetric Diels–Alder reac-
tion, and rapidly elaborated into ketone G. Ketone G 
was subjected to a Robinson annulation, yielding 
enone H. Lactam L, accessible via an Evans-aldol 
stratey, was alkylated with propargyl bromide K, 
giving triyne M. The key rhodium-catalyzed cyclo-
trimerization of M yielded arene N with the scaffold 
of the natural product. Few steps remained to ac-
cess the natural product (+)-heilonine.

1. TMSI, HMDS 
    CH2Cl2, 0 °C to r.t.
2. MVK, BF3•OEt2
    i-PrOH, MeNO2
    CH2Cl2, –78 to – 65 °C 
3. NaOMe, MeOH, 40 °C
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Diels–Alder reaction
Seyferth–Gilbert

homologation

Robinson annulation

cyclotrimerization

2 steps

1. neopentyl glycol
    PPTS (20 mol%)
    PhH, Δ
2. TBAF, THF
3. TsCl, Et3N, DMAP
    CHCl3, 0 °C to r.t.

Ohira–Bestmann reagent E
 KOEt, THF, –78 to –5 °C

5 steps

1. J, n-BuLi 
    THF–hexane (4.8:1)
    –78 to 70 °C
2. Bi(OTf)3 (5 mol%)
    neopentyl glycol
    MeCN, –10 °C
3. CBr4, Ph3P, DIPEA
    CH2Cl2, 0 °C to r.t.

RhCl(Ph3P)3 (10 mol%)
EtOH, Δ

Hayashi ligand C (10 mol%)
 TFA (20 mol%)
 PhMe, –10 °C

NaH, L
DMF, 0 °C to r.t.
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