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While great strides in asymmetric induction have been made 
in many types of transition metal catalyzed reactions exemplified 
by hydrogenation,1 epoxidation,2 dihydroxylation,3 cyclopropa-
nation,4 and aziridination,5 progress in allylic alkylations with 
stabilized nucleophiles has been sporadic.6-11 The reason stems 
from the nature of the processes. Whereas in all of the areas first 
mentioned bond formation occurs within the coordination sphere 
of the metal and therefore within the asymmetric environment 
created by the chiral fragments, in allylic alkylation the crucial 
bond-making (or bond-breaking) event occurs on the face of the 
allyl fragment distal to the metal and therefore remote from the 
asymmetric environment created by the chiral ligands. Fur
thermore, for the case in which asymmetric induction involves 
nucleophilic attack on a prochiral (ir-allyl)palladium intermediate 
1 as the enantiodiscriminating step as illustrated in eq 1, the 
nature of the nucleophile may have a profound effect. Early 
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work in our laboratories established that excellent enantioselec-
tivity was possible with 1,3-diphenylallyl acetate7 (L* = BINAP, 
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92% ee, 73% yield at 60 0C with acetylacetone and BSA as base12). 
Replacing the phenyl groups by sterically less demanding 
substituents decreased the enantioselectivity. Other ligands, most 
notably the oxazolines derived from 2-(diphenylphosphino)benzoic 
acid, showed similar trends with superb enantioselectivity for the 
"standard" diphenyl substrate.11 Nevertheless, the maximum 
enantioselectivity recorded for a cyclic substrate is ~70%.7c'9b In 
this communication, we report the critical role the nature of the 
ion pair as nucleophile plays in determining the enantioselectivity 
in allylic alkylations and the first examples of excellent enan-
tioselectivities with 3-(acyloxy)cycloalkenes. 

We employed the reaction of racemic 3-acetoxycyclopentene 
(4) with the anion of dimethyl malonate as our test. Utilizing 
our recently developed chiral ligand 313 and extrapolating our 
mnemonic for determining the sense of chirality (vide infra), we 
predict that 65 should be the product. Our observations were 
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both gratifying and disappointing. Using the sodium salt of 
malonic ester in THF at 0 0C gave the predicted enantiomer but 
only in 38% ee. The sense of chirality was established by hydrolysis 
and decarboxylation to the known 3-cyclopentenylacetic acid.14 

The % ee was established by a combination of 1H NMR shift 
experiments and this correlation. 

The limited solubility of the sodium salt of dimethyl malonate 
led to the use of tetraalkylammonium salts. As the data in Table 
1 shows, such salts had a dramatic effect, with the ee increasing 
with increasing size of the alkyl group and reaching a maximum 
of approximately 70% using tetra-n-hexylammonium bromide 
(THAB). Upon decreasing the amount of dimethyl malonate 
and sodium hydride to nearly stoichiometric quantities, the ee 
varied from 68% to 86%. This variability was removed by adding 
the solution of the nucleophile to that of the allylic acetate over 
a 1-h period, an operation which increased the ee to 82% (Table 
1, entry 5). Since all of these salts should exist as ion pairs in 
THF, these results support a strong dependence of the ee on the 
nature of the ion pair of the attacking nucleophile.15 The recent 
independent work of Reetz, Hutte, and Goddard showing that 
the tetra-n-butylammonium salt of dimethyl ethylmalonate exists 
not only as an ion pair but also as a dimer even in DMSO provides 
strong support for our conclusion.16 Since the nature of the ion 
pair should vary with solvent, we examined an even poorer cation-
solvating solvent, methylene chloride. In this case, the ee jumped 
to 98%\ 

With conditions established to give excellent ee's, we explored 
the effect of ring size. The lower reactivity of the larger rings 
led to using the better leaving-group ability of the methyl carbonate 
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Table 1. Dependence of Enantiomeric Excess on Ion Pair" 

entry added salt solvent [a] D, deg % ee % yield 

1 none THF 
2 (CH3)4NC1 THF 
3 (n-C4H9)4NCl THF 
4 (n-C6Hi3)4NBr (THAB) THF 
5» (M-C6Hn)4NBr (THAB) THF 
6 (/!-C8Hn)4NBr THF 
7 Adogen 464 THF 
8" (H-C6H13UNBr CH2Cl2 

-28.0 
-29.9 
-41.7 
-49.8 
-59.7 
-48.0 
-43.8 
-71.7 

38 
41 
57 
68 
82 
66 
59 
98 

11 
88 
74 
92 
73 
74 
59 
5/ 

" All reactions were run at 0 0C; isolated yields have not been optimized. 
* A solution of the nucleophile generated from dimethyl malonate, sodium 
hydride, and tetra-H-hexylammonium bromide (THAB) was added over 
1 h to the reaction mixture containing palladium complex 2, ligand 3, and 
allylic acetate 4. In all other cases, this solution of nucleophile was added 
all at once. 

and to performing the alkylations at room temperature. As shown 
in eq 3, excellent results were obtained independent of ring size. 

CL1 1OCO2CH3 

E 

n = 1 86% 

n = 2 99% 

96% 
(3) 

In the case of the six-membered-ring substrate, the same result 
was obtained whether the nucleophile was added over 1 h or all 
at once. The results cited in eq 3 involve addition all at once. The 
seven-membered ring behaved similarly to the five-membered 
ring in that slow addition of the nucleophile was required to achieve 
the best ee. 

Replacing the anion of malonate with that of phthalimide as 
nucleophile under otherwise analogous reaction conditions except 
that slow addition of the nucleophile was unnecessary also gave 
excellent results as outlined in eq 4. The insolubility of potassium 

f JTyNK. THAB 

4V^OAc 2.5% 2,7.5% 3, OH2Cl2 f \ X ^ "" ^ T ^ W 

7 • 
yield ee 

a. n . 5 87% 94% 
b. n . 6 95% 97% 
e n . 7 84% 98% 

phthalimide required a short initial period of sonication in the 
presence of THAB to facilitate reaction. Standard removal of 
the phthalic acid moiety (NH2NH2, C2H5OH, reflux, followed 
by 6 N aqueous HCl at reflux)17 gave the known amines 8a-c,18 

thereby establishing the absolute configuration as S as depicted. 
NMR methods were employed to establish the % ee. 

The results herein dramatically illustrate the surprising 
importance of the counterion of the nucleophile in allylic 
alkylations with tetrahexylammonium giving the optimum results 
to date. Given this cation, excellent enantioselectivities (93-
98%) have been routinely obtained with both a carbon and a 
nitrogen nucleophile and with varying ring sizes to a degree not 
previously achieved. The absolute stereochemistry is independent 
of both the nucleophile and the ring size. Adopting the mnemonic 
we established for asymmetric induction in allylic alkylations 

(17) Ing, H. R.; Manske, R. F. H. J. Am. Chem. Soc. 1926, 2348. 
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with our modular ligands for desymmetrization of ene dicar-
boxylates13 to the current case allows prediction of absolute 
stereochemistry in which a counterclockwise or "S" type ligand 
as 3 (see eq 2) induces attack at the pro-S terminus.19 

The utility of the products that result makes their availability 
in high enantiomeric purity of special significance. Juxtaposition 
of the functionality allows easy regio- and diastereoselectivity in 
further elaborations. Access to either enantiomer of the alkylation 
product 6 constitutes asymmetric syntheses of a wide range of 
biologically important compounds represented by the leprostatic 
agent chaulmoogric acid,14 the antimycobacterial agent hydno-
carpic acid,20 the sedative cyclopentobarbital,21 and synthetic 
insect pheromones of the European corn borer and the red banded 
leaf roller.22 The reported inability to obtain one of the 
enantiomeric series by resolution22 highlights the importance of 
this catalytic method which gives equivalent access to either 
enantiomeric series. The allylic amines serve as convenient 
precursors to amino acids, natural and unnatural.23 For example, 
dipeptides of (S)-2-aminopimelic acid, a protected form of the 
latter available by ozonolysis of 7c (eq 5),24 have shown antibiotic 
activity against Gram-negative bacteria by inhibiting the bio
synthesis of an essential component of the bacterial cell wall 
peptidoglycan.24b 

Ofco O3, NaOH 

CH3OH, CH2CI2 

91% C H3O2C ^ v -

M ? -25.8° 

\—/ 
O ^ N ^ O 

" " ^ — " ^ C O2C H3 

(C = 6.55, CH2CI2) 
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