1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
JAm Chem Soc. Author manuscript; available in PMC 2017 February 03.

-, HHS Public Access
«

Published in final edited form as:
JAm Chem Soc. 2016 February 3; 138(4): 1150-1153. doi:10.1021/jacs.5b12694.

Synthesis of Neurotrophic Seco-prezizaane Sesquiterpenes (1R,
10S)-2-o0x0-3,4-dehydroneomajucin, (2S)-hydroxy-3,4-
dehydroneomajucin, and (-)-jiadifenin
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Abstract

An asymmetric approach to the synthesis of neurotrophic seco-prezizaane sesquiterpenes is
described that is based on strategic application of a hydroxyl-directed metallacycle-mediated
[2+2+2] annulation and an intramolecular radical cyclization cascade. Targets prepared are among
the most potent members of the natural product class and include (1R, 105)-2-oxo0-3,4-
dehydroneomajucin, (25)-hydroxy-3,4-dehydroneomajucin and (-)-jiadifenin. In addition to
representing the first application of the alkoxide-directed metallacycle-mediated hydrindane-
forming annulation reaction in natural product synthesis and the first total synthesis of (2S)-
hydroxy-3,4-dehydroneomajucin, these pursuits have resulted in the elucidation of a complex
radical cascade process for installation of the C5 quaternary center common to the natural product

class.
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The search for agents that promote regeneration and growth of neurons is of great current
interest, as axon degeneration and neuronal atrophy accompany chronic neurodegenerative
disease and acute spinal cord injury.l While proteins that serve in this regard (neurotrophins)
have been investigated as potential therapeutic agents, they suffer from a variety of
suboptimal characteristics that negatively impact their potential utility in the clinic (/.e. low
serum stability, poor oral bioavailability, and inefficient penetration into the central nervous
system).12 2 As such, there has been growing interest in identifying small molecule
neurotrophic agents that have a more favorable pharmacokinetic profile.3 While early
investigations of the seeds of the Japanese star anise (//licium anisatum, L.) delivered
anisatin,* a neurotoxic noncompetitive GABA antagonist,> more recent studies of //icium
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terrestrial plants (evergreen shrubs/trees) have delivered a collection of complex carbocyclic
natural products that have been shown to possess potent neurotrophic properties (Figure 1).3
Perhaps not surprisingly, molecules in this class have emerged as attractive targets for
chemical synthesis due to the combination of their potential therapeutically relevant
biological activity and their interesting carbocyclic structures.36 In 1990 Kouno and
coworkers described the isolation of (IR, 10S)-2-0x0-3,4-dehydroneomajucin (1) and (25)-
hydroxy-3,4-dehydroneomajucin (2) in 0.0006 and 0.007% yield, respectively, from the
dried fruit of the Chinese //licium majus.”8 These natural products, while structurally
related to anisatin, did not exhibit convulsive toxicity in mice. Fourteen years later, in efforts
targeting the synthesis of (+/-)-jiadifenin, Danishefsky reported that 1 is a highly active
neurotrophic agent /n vitro. 184% vs. control at 300 nM6¢: 8¢ _ an activity that was later
supported by structure—activity relationships reported by Theodorakis.5" Here, we report the
first of our studies aimed at establishing an asymmetric synthesis of neurotrophic seco-
prezizaane natural products and demonstrate the first application of an alkoxide-directed
metallacycle-mediated annulative coupling reaction in natural product synthesis.® In
addition, a powerful intramolecular radical cascade reaction has been found to be useful for
installing the sterically congested C5 quaternary center common to the natural product class.

Our pursuits began by targeting the synthesis of 1 by BugSnH-mediated intramolecular 5-
exotrig cyclization of the phenylseleno-substituted radical precursor 4 (Figure 2). Synthesis
of this substrate was planned from hydrindane 5 and would require differential
functionalization of the TMS- and Bu3Sn-substituted alkene. Finally, hydrindane 5 was
expected to be accessible from union of enyne 6 with alkyne 7 by application of a recently
developed regio- and stereoselective hydroxyl-directed titanium-mediated annulation
reaction.

Synthesis was initiated by regioselective addition of the organometallic reagent derived from
9 to chiral epoxide 810 (Figure 3A).11 Conversion of the resulting homoallylic alcohol to
enyne 6 was then accomplished by a sequence of desilylation (TBAF, THF), epoxide
formation (TsClI, EtsN, DMAP, then NaH, THF), and nucleophilic addition of propynyl
lithium. In accord with our earlier observations regarding the regio- and stereosleective
coupling of 4-hydroxy-1,6-enynes with TMS-alkynes,?: 12 exposure of stannyl-substituted
TMS-acetylene 7 to the combination of Ti(O/-Pr)4 and 7-BuLi (=78 to 50 °C), followed by
addition of the Lialkoxide of enyne 6 (=78 °C to rt) generated hydrindane 5 in 73% yield (rs
> 20:1), where the C9 quaternary center was established with high levels of stereoselectivity
(ds = 20:1).

Treatment of hydrindane 5 with TBAF resulted in removal of the TMS-group and was
followed by silylation of the secondary alcohol (TBDPSCI, imid., CH,Cl5). Subsequently,
tin-lithium exchange was followed by carboxylation,3 and esterification with PhSeCH,CI —
a sequence that ultimeatley delivered the selenophenyl methyl ester 4.14 Site- and
stereoselective dihydroxylationl® then generated 11 in 85% yield as a single observable
stereoisomer.

We next turned our attention to the radical cyclization process that was anticipated to
establish the sterically congested C5 quaternary center. Heating selenophenyl methyl ester
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11 in the presence of Bu3SnH and AIBN resulted in the formation of two cyclized products
12 and 13 in 80% combined yield (notably, each of these products possessed the desired C5-
quaternary center). While the formation of 12 was expected, observation of the ethyl ester-
containing product 13 was unanticipated and, on further consideration, warmly welcomed.
We speculate that this latter compound is produced from the sequence summarized in Figure
4, where formation of radical | is followed by stereoselective 5-exotrig cyclizationl® en
routeto I1. While intermolecular quenching of this tertiary radical with BuzSnH results in
the expected product 12, intramolecular hydrogen atom transfer from the acetal carbon (11
— 111, fragmentation (111 — 1V), and reduction delivers the ethyl ester-containing
carbocycle 13.

With the goal of influencing the course of this radical cascade reaction, we anticipated that
slowing the rate of intermolecular reduction of |1 would result in the production of a greater
quantity of ester 13. While simply decreasing the concentration of BuzSnH would be
anticipated to have such an effect, slow addition by syringe pump (over 3 h) did little to
effect selectivity. Use of BuzSnD was hypothesized as an alternative means to slow the rate
of reduction of |1 through exploiting the primary deuterium isotope effect,1 yet this
modification resulted in only a minor shift in selectivity favoring the formation of 13(D)
(1.4: 1; Figure 4B). Satisfyingly, use of TMS3SiH instead of BuzSnH in this radical cascade
reaction resulted in a more substantial change in ratio to favor the ethyl ester-containing
product 13 (4.7: 1).

As illustrated in Figure 5, both products of the radical cyclization were converted to the
tetracyclic bis-lactone 14 by a sequence of straightforward functional group manipulations.
Desilylation of 14 with TBAF and sequential oxidation (IBX, then Saegusa) then delivered
enone 15. Finally, removal of the tertiary TMS-ether that was generated during the Saegusa
oxidation, and a-hydroxylation® delivered (1S, 210R)-2-0xo-3,4-dehydroneomajucin (1)
through a process that was accompanied by epimerization at C1. As reported by
Danishefsky, oxidation and methanolysis of 1 was successful for producing synthetic (-)-
jiadifenin (3).6¢. 6i. 6k

The complex tetracyclic intermediate 15 also served as a precursor to one of the most active
neurotrophic agents in this natural product family, (25)-hydroxy-3,4-dehydroneomajucin
(2).7° First, stereoselective reduction of the enone and a-hydroxylation of the lactone
delivered 17. Subsequent Mitsunobu reaction with p-nitrobenzoic acid, followed by a
sequence of oxidation to the a-keto-lactone (Dess Martin periodinane), stereoselective
reduction (NaBHy), hydrolysis of the p-nitrobenzoate and deprotection of the TMS ether
(KoCOg3, MeOH) furnished the first synthetic sample of (25)-3,4-dehydroneomajucin 2.

Overall, we report an enantioselective pathway for the synthesis of several neurotrophic
seco-prezizaanes by way of an alkoxide-directed metallacycle-mediated [2+2+2] annulation
and intramolecular radical cyclization. This marks the first demonstration of such a
metallacycle-centered annulation reaction in natural product synthesis and demonstrates the
utility of a selenophenyl-methyl ester-based radical cyclization cascade to generate the
congested quaternary center at C5 of this natural product family. We look forward to further
developing chemistry capable of producing neurotrophic agents inspired by the seco-
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prezizaanes and to exploring the broad utility of alkoxide-directed metallacycle-centered
annulative cross-coupling reactions in natural product synthesis.
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Introduction to majucin-type sesquiterpenes from //licium.
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Establishment of the carbocyclic skeleton of the seco-prezizaane sesquiterpenes.
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Proposed mechanism for the radical cascade reaction.
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