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Summariy: The coupfining hULCtion4 06 8-u.mLno and 8-nceianido hUdic& phepwred by heduction o6 

o~gauzometicwia~ have_ been cxamimd M a potmtiaUy neW approach Xu alkaloid conn~~uction. 

Giese and co-workers have reported over the past several years in a number of articles that 

radicals formed on reduction of organomercurials can be trapped with electron deficient olefins to 

produce coupled pr0ducts.l Since this process does represent a tremendously versatile new method 

for producing vicinally functionalized molecular systems, we felt that additional studies were 

warranted. We have in fact shown recently that the radicals formed from the S-hydroxymercurials 

couple efficiently with activated olefins to deliver products that can be cyclized to 6-lactones. 

This "3+3" joining strategy for the production of such systems was used to assemble the naturally 

occurring antibiotic malyngolide.' 

As the second stage of our studies, we turned our attention to the question of whether the 

organomercurial generated from the azido, nitro, acetamido or aminomercuration of an olefin could 

be used in this coupling scheme, for we envisioned that the products of this overall aza-carbo- 

functionalization nrocess could serve as important building blocks for alkaloid synthesis. 
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The coupling reactions of these mercurials with acrylonitrile and methyl acrylate were 

examined under a standard set of conditions developed for each trapping agent. For reactions in 

which acrylonitrile was used, the mercurial (2.0 mmol) was dissolved in methylene chloride (30 mL) 

and acrylonitrile (2.0 mL, 30 mmol) was added. The stirred mixture was cooled to O'C and 12 mL of 

a 0.5 g solution of sodium trimethoxyborohydride in THF was added by syringe pump over 30 min. 

After an additional 1 h at room temperature, the reaction was quenched with water and extracted with 

ethyl ether. The crude product obtained upon concentration was chromatographed on silica gel to 

afford the coupled product. With methyl acrylate as the trapping agent, the coupling reaction was 

performed by adding 4 mL of an 0.5 g solution of sodium trimethoxyborohydride in THF dropwise over 

a 30 min period to a solution of Q 0.6 mmol of the mercurial in 10 mL of methylene chloride and 0.6 

mL of methyl acrylate cooled to -7'C. The reaction was quenched with water and extracted with ethyl 

ether. The crude isolated product was chromatographed on silica gel and then analyzed by vpc. 

As is readily apparent from the table, both the nitro- and azidomercurials fail to give 

coupling products under these conditions. Such mercurials are well known to regenerate the olefin 

from which they were prepared on exposure to relatively weak nucleophiles, thus explaining the 

absence of any detectable amounts of coupled product.3 

With the amino- and acetamidomercuration products, however, coupling did proceed in modest to 

good yield with acrylonitrile as the trapping agent. The coupling products of 1-chloromercuri-2- 

acetamidocyclohexane with acrylonitrile were separable by gravity chromatography. lH NMR analysis 

revealed that the trans-product was the major isomer (60:40).6 The acetamidomercurial prepared 

from cis-2-butene likewise suffered considerable erosion of its stereochemical purity in the 

coupling process, for a 68:32 mixture of the threo/erythro products was formed. These two examples 

do clear-l:, point out one fairly obvious shortcoming of such radical-based coupling procedures. 

With methyl acrylate, it was found that the product of simple reduction without trapping 

generally predominated. Hence, acrylonitrile is clearly the reagent of choice when the appendage 

of three-carbon atoms is desired. 

In order to apply the aminomercuration/reductive coupling process to five-membered ring 

alkaloids, such as the pyrrolizidines, it is essential that one be able to couple the B-amino- 

radicals with a two carbon unit. The acetamidomercurial $ was thus reduced with sodium trimethoxy- 

borohydride in the presence of l,l-dichloroethylene.' A 77% yield of the desired coupled product 

was generated. With the mercurials l5$, ,ll5& and U, formed from intramolecular amino- or amido- 

mercuration of the corresponding olefinic starting materials,' coupling reactions were examined 

using both l,l-dichloroethylene and n-chloroacrylonitrile as the trapping agents. We assume that 

the stereochemistry of the mercurials are as shown, for concerted anti attack of amine on 

mercurinium ion should occur through that transition state which minimizes steric interactions.' 

Only in the case of &l was no coupled product generated, for retro-amidomercuration took place 

instead to return the starting olefin. Mercurials &l and l5k gave rise to reasonable amounts of 

16 when chloroacrylonitrile was employed as the trapping agent.l' 
WI, 

The method of aza-carbofunctionalization described herein should find use in the synthesis of 

a variety of alkaloid systems. Reports concerning this situation will be forthcoming. 
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