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Abstract. Organocuprates react with spiro[2.4]heptadiene 4-nitrile to furnish ring-opened cyclopentadiene adducts which can be

chemoselectively monohydrogenated to the corresponding unsaturated cyclopentene nitriles. The use of optically active
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spiro[2,4]heptadiene allows for the asymmetric synthesis of chiral cyclopentadienes and cyclopentenes that may serve as useful
starting materials for asymmetric synthesis. © 1998 Elsevier Science Ltd. All rights reserved.
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Stereochemically complex substituted cyclopentanes are prominent substructures of natural products
such as the aminocyclopentitols allosamidin, trehazolin, and mannostatin,! the alkaloid palau‘amine,” and the
epithiopiperazinedione sirodesmin.> The general synthetic strategies that have been devised for the
construction of stereochemically complex five-membered rings are typified by those used in the synthesis of
aminocyclopentitols. These include cycloaddition reactions of cyclopentadienes;? desymmetrization reactions
of cyclopentenyl—1,4—meso—diols; ¢ and fragmentation and refunctionalization reactions of carbohydrate
starting materials.” Recent work in this laboratory has documented a novel tactic involving optically active
spiro[2,4]hepta-4,6-diene-1-methanol 1 as a versatile template for stereoselective amination and hydroxylation
reactions as a key step in the total synthesis of trehazolin (Eq 1).%

In order to further expand the scope of 1 as a useful starting material for complex molecule synthesis,
we have expanded the investigation of its reaction chemistry. This substituted, chiral homofulvene may be
converted to the corresponding 4-cyanoderivative 2 which in turn displays unusual reactivity towards
nucleophiles (Eq 1). In this letter we report that treatment of 2 with organo- magnesium or lithium reagents in
the presence of Cul leads to chemoselective homoconjugate addition, furnishing the corresponding ring-opened

cyclopentadienes 3 in 76-97% yield. The product diene subsequently undergoes selective reduction (H,/10%
Pd/C) to yield the 1,2-substituted cyclopentenes 4.
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The relative stereochemistry of the nitrile and the

cyclope
subsequently protected as the triisopropylsilyl ether 5 (89%).8 Reaction of 5 with chlorosulfonyl isocyanate

developed for the direct conversion of 5 to nitrile 2; thus, the two-step sequence (5§ > 6 — 2) could be
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reaction of sulfonyl isocyanates with dienes.”
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Table 1. Conversion of nitrile 2 to cyclopentadienes 7-12 and cyclopentenes 13-17.

Entry Nucleophile Adduct Yieid R;f;;::;;n Yieid
1 CH, MgBr/Cul 7 76% i3 93%
2 EtMgBr/Cul 8 83% 14 85%
3 ‘PrMgBr/Cul 9 83% 15 86%
4 BuLi/Cul 10 90% 16 96%
5 PhMgBr/Cul 11 97% 17 9%
6 isopropenylMgBr/Cul 12 82% - -

In a typical procedure, a solution of organo lithium or Grignard reagent in THF (12 mL) cooled to 0 °C
was treated with Cul (1.83 mmol), stirred 30 min, and then cooled to -78 °C. Follawing the dropwise addition
of a solution of 2 (0.61 mmol in 0.19 mL THF), the reaction was stirred at —78 °C and subsequently warmed to
0 °C. The reaction was quenched with saturated aqueous ammonium chloride solution (15 mL) and extracted
with pentane (3 x 30 mL). The combined organic solutions were dried over MgSO4 and evaporated in vacuo to
give an oil. Purification by chromatography on silica gel (20:1 hexanes:EtOAc) afforded the desired products in
76-97% yield.

Cyclopentadiene nitriles 7-12 prepared from the addition of alkyl and aryl carbanions were amenable to
selective monoreduction to give the o,p—unsaturated nitriles 13-17. Under optimal conditions, reduction of
dienes 7-12 in a suspension of 10% Pd/C in 25:1 cyclohexane/ EtOAc under an atmosphere of hydrogen
furnished cyclopentenes 13-17 in 85-96% yield.

Aithough the reactions shown in Table 1 were conducted with racemic material, a test-substrate was
chosen to determine whether the nucieophilic additions couid be conducted with optically active I to furnish
chiral cyclopentadienes and cyclopentenes as building blocks for enantioselective synthesis. The asymmetric
synthesis of (5)-2 was conducted following the procedure we have previously documented utilizing lithium
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Cyuopcmaalcnmac and (KX)- cplcmoronyarm ® When (9)—4 was ireated with lVlelVIgDI',’L.l]l and the adduct

subjected to selective mononyar()genduo‘rl the isolated product 13 was shown to have been formed without loss
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f opti ester Uy gas chromatography.
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Nucleophilic additions to spiro{2,4]heptadiene have been reported by Kauffmann and co-workers, see
Kauffmann, T.; Ennen, J.; Lhotak, H.; Rensing, A.; Steinseifer, F.; Woltermann A. Angew. Chem., Int. Ed.
Engl. 1980, 19, 328. The addition of diphenylarsenide and the 1,3-diphenyl-2-azaallyl anion to
spiro[2,4}heptadiene proceeded in 68 and 87% yields, respectively; addition of other nucleophiles
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The stereoisomeric purity was assayed by gas chromatography using a J&W CDXB column.



