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Enantioselective, palladium-catalyzed allylic substitu- 

tions have recently been shown to be a useful means of 
forming new chiral carbon-carbon and carbon-nitrogen 
b0nds.l Most work in this area has focused on the 
development of improved chiral ligands for intermolecu- 
lar, nucleophilic substitution of the symmetrical 1,3- 
diphenyl-n-allylpalladium system.2 Relatively little work 
has been done on more complicated, unsymmetrical 
systems, and there appear to be only two examples of 
asymmetric induction in intramolecular n-allylpalladium 
displacements. 

Our recent success in the regioselective, palladium- 
catalyzed hetero- and carboannulation of allenes using 
functionally-substituted aryl4 and vinylic6 halides en- 
couraged us to examine asymmetric versions of these 
annulation processes. We wish now to report the highest 
enantioselectivities yet observed for any palladium- 
catalyzed, intramolecular allylic substitution reactions. 

A variety of reaction conditions have been examined 
for the model reaction of N-tosyl-2-iodoaniline and 1,2- 
undecadiene (see entry 1, Table 1). Asymmetric induc- 
tion can best be effected in the presence of 1.2 ion equiv 
of the silver salt Ag3PO4 using DMF as the solvent. After 
optimization of the silver salt and the solvent, a variety 
of chiral ligands were employed in this reaction,1a,c-e,2e-k 
including several which have not previously been used 
in palladium-catalyzed, asymmetric displacement.6 Best 
results were obtained using the bisoxazoline ligands 
developed by Pfaltz and others?b-d particularly compound 
1. The following observations have been made with 
regard to ligand structure. Those ligands which when 
coordinated to palladium form a 6-membered ring lead 
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to products of higher ee than those which form a 
5-membered ring, and more electron-rich ligands tend to 
give higher asymmetric induction. The highest enantio- 
meric excesses were obtained using 1 equiv of the aryl 
or vinylic iodide, 2 equiv of the allene, 1.2 silver ion equiv 
of Ag,PO4,5 or 10% Pd(OAc)2 or Pd(dba)z, and 5 or 10% 
of ligand 1 as catalyst, in DMF a t  a temperature low 

1 

enough to  achieve asymmetric induction, while still 
allowing the reaction to go to completion in a reasonable 
amount of time (Table 1). 

The regioselectivity of this annulation process is gener- 
ally quite high, often better than that observed under 
our previously reported conditions using PPh3 as the 
l i g a ~ ~ d . ~ , ~  The reaction of aryl or vinylic iodides and 1,2- 
undecadiene forms five- or six-membered ring products 
by nucleophilic attack exclusively at the more substituted 
end of the n-allylpalladium intermediate (entries 1, 4, 5 
and 7). The regioselectivity of attack at  the more 
sterically congested n-allyl terminus may be explained 
on the basis of two electronic factors: (1) the net positive 
charge on the n-allylpalladium species being more local- 
ized at  the alkyl-substituted terminus, and (2) the 
observation that electron-rich palladium(0)-ligand com- 
plexes favor coordination to the more electron-deficient, 
less substituted, double bond of the observed p r ~ d u c t . ~  
For these reasons, the transition state leading to the 
observed product may be favored. 

The mechanism of this reaction has been outlined in 
our earlier p~bl icat ion.~ The addition of aryl or vinylic 
palladium compounds to allenes is known to produce 
n-allylpalladium compounds which readily undergo in- 
tramolecular nucleophilic ~ubs t i t u t ion .~~~  In the presence 
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Table 1. Palladium-Catalyzed, Asymmetric Annulation of AUenes Using Chiral Bisoxazoline Ligand 1" 

enay organic iodide allene catalvstb (OC) (d) product yield % e.e.c [alD temp. time % isolated 

Ts 

77 -148.90 

a All reactions were run in the presence of 1.2 silver ion equiv of Ag3P04 in DMF (1.0 mfi0.50 mmol of organic iodide). Catalyst A 
5 mol % Pd(OAc)z, 10 mol % ligand 1. Catalyst B: 5 mol % Pd(dba)z, 5 mol % ligand 1. Catalyst C: 10 mol % Pd(dba)z, 10 mol % ligand 
1. Catalyst D: 5 mol % (Pd(dba)z, 10 mol % ligand 1. The ee of all products was determined using the chiral NMR shift reagent Eu(hfc)s. 

of Ag+, the iodide is removed as &I, allowing the 
formation of a 16 electron Pd intermediate to which the 
bidentate chiral ligand is coordinated (Scheme 1L8 This 
system then resembles those investigated by Bosnich in 
which interconversion between diastereomers is ac- 
complished via a n-u-n proce~s. '~~ This interconversion 
is known to occur rapidly in terminal n-allylpalladium 
species, and this is no doubt of paramount importance 
to eventual enantiodis~rimination.~ Bosnich's work has 
suggested that the major n-allylpalladium intermediate 
gives rise to the major enantiomer observed. In light of 
this, we speculate that steric interactions between the 
benzyl groups of the ligand and the terminal alkyl 
substituent of the n-allylpalladium intermediate lead to 
a preference for one diastereomer over the other, which 
then goes on to form the major observed enantiomer. 
Factors leading to enantioselectivity in the symmetrical 
n-allylpalladium system have been well described else- 
where.1° We are presently attempting to establish the 

absolute configurations of the annulation products to 
elucidate the actual mechanism a t  work in these types 
of systems. Full details of this continuing study will be 
reported in due course. 
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