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Abstmctz Pahdittm catalyses the cross-coupling of wyl iodides and 4-olkenyl-2-oddinoneidinoncs to give good yields qf 

CRJhtbStlttUCd3-. 

Although tbe cross-coupling of organometallics and vinylic epoxidest or oxetanes2 provides a useful 
appromh to allylic and homoallylic alcohols respectively (q 1). only we have reporM analogous chemistry of 

H2O 
FM+ A&” - lx-OH 

n=l,2 

readily available3 4-alkenyl-2-azetidinones using organomercurials and palladium salts (q 2).4 Our recent 

WdQ R \ 
0-m 

H20 
coNH2 

success in the palladiumcatalyzed cross-coupling of organic halides with oletinic epoxides bearing one to ten 
carbons between the functional groups (q 3).5 has encouraged us to look at analogous chemistry using 
4-alkenyl-Zaztidinones (q 4). We now report the success of that endeavor. 
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A&r an extensive survey of reaction conditions similar to those employed for olefmic epoxided we have 
developed two basic procedures. Procedure A employs 1 equiv axetidinone, 2 equiv aryl iodide, 10% 
Pd(OAch, 3 equiv i-przNEt, 1 or 5 equiv Hma, 2 equiv LiCl in DMF (2.0 mlAl.5 mm01 axetidinone) at 
80 ‘C. In Procedure B, the 2 equivs LiCl are replaced by 1 equiv n-BuqNCl. Our results using these two 
pmcedums am summa&ed in Table I. 

A wide varlety of aryl iodides can be employed in this process. Higher yields am obtained from aryl 
halides bearing electrondonating groups (entries 1.2 and 6). With aryl halides bearing electronwhhdrawing 
groups, lower yields are observed and it is best to use less of the formate reducing agent (entries 3.4 and 7). In 
these cases it appears that the arylpalladium intermediate is reduced to the corresponding arene6 in competition 
with alkene insertion. 

Using the above-described procedums, vinylic iodides afford yields of 3 1% or less. As noted earlier with 
vinyhuemurlals and 4alkenyl-Zaxetldlnones,‘t the best yiekls are obtained using more highly substituted vinylic 
iodides (eq 5). Cyclohexenyl trlflate gave a 20% yield under similar conditions. With vinylic iodides, a mixture 
of side products is observed in which the axetidinone ring has failed to open. 

31 % (70~30 E/z) 

A wide variety of readily available3 4-alkenyl-2-axetidinones have successfully been employed in this 
process. Asnotedintheorganomem tnial process, 4-methyl+vinyl-2-axetidinone (1) gives higher yields than 
the less substituted 4-vinyl-2-axetidinone (2). With the latter substrate in fact, best yields were obtained by 
employing the axetidinone in excess (entries S-7). With the more substituted carbon-carbon double bonds of 
4-(E-l-propenyl)-2-axetidinone (3) and 4-isopropenyl-4-methyl-2-axetidinone (4), the yields drop significandy. 

While organomemurials did not cross-couple with 4-alkenyl-2-axetidinones in which the double bond and 
the lactam moiety are separated by saturated carbons,4 to our surprise the present arylation process works nicely 
with such substrates (entries 10 and 11). Under these reaction conditions the palladium is able to migrate7 a 
comddembledistance. 

The stemoselectivity of this aryl iodide process is somewhat greater than that of the aryhnemtuial process. 
The E/Z ratio for the phenylation of axetidinone 2 increases from 3: 14 using phenylmemuric chloride to 4: 1 when 
iodobenxene is employed. Whereas ui- and tetrasubstituted double bonds were formed in the aryhnemurial 
process with little or no selectivity,4 an E/k! ratio of 6040 to 66:34 is observed here. 

‘lhe present palladium-catalyzed aryhuion process is believed to proceed by palladium(B) reduction to 
palhulium(0) by formate anion, oxidative addition of the aryl iodide to palladium(O), arylpalladium addition to 
the carbon-carbon double bond, where necessary palladium migration via palladium hydride beta elimination and 
subsequent readdition with the opposite mglochemistry,7 palladium nitrogen beta elimination to form 
RCONHPdI, and fotmate reduction to the observed amide product and palladium(O). Generally less than 10% 
of the Heck-type vinyl hydrogen substitution products have been observed. 

Recent efforts indicate that this chemistry can be extended to the cross-coupling of organic halides or 
triflates and vinylic epoxides or oxetanes. We shall report on this chemistry shortly. 
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See reference 5 and references therein for other recent synthetic procedures employing palladium migration 
ChiXIiStry. 
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