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Allylic Substitutions 
with Retention of Stereochemistry 

Summary: The “net SN2 displacements’’ of allylic acetates 
catalyzed by palladium proceed with complete retention of 
configuration at  the carbon undergoing displacement and 
without loss of olefin geometry in a trisubstituted double 
bond. 

Sir: The ability to perform displacements with inversion of 
configuration constitutes one of the most fundamental syn- 
thetic reactions in organic chemistry. Alkylations utilizing 
allylic halides, allylic sulfonate esters, etc., suffer from their 
high reactivity and consequently make stereochemical control 
difficult. With cyclohexenyl derivatives, the problems are 
further confounded by a tendency toward elimination reac- 
tions competing with the desired substitution reaction. The 
use of palladium-catalyzed allylic alkylations,’p2 which allows 
use of the configurationally stable and easily handled allylic 
acetates, overcomes these limitations. Furthermore, these 
processes proceed with a net retention of configuration in 
contrast to the usual inversion which is observed in normal 

alkylations. Surprisingly, even though these reactions pre- 
sumably involve a-allylpalladium intermediates3 the stereo- 
chemistry of a trisubstituted double bond is retained in the 
alkylations. 

In a previous paper, we suggested that the “net sN2 dis- 
placement” catalyzed by palladium(0) complexes proceeded 
with retention of configuration.2 In order to establish this 
point unambiguously, we examined the alkylations of the cis 
(1) and trans (2) isomers of 3-acetoxy-5-carbomethoxycy- 
clohexene4 (see Scheme I). The cis isomer 1 is available by the 
methanolysis and acetylation of lactone 3,5 whereas the trans 
isomer 2 is available by acetylation of the hydroxy ester which, 
in turn, was isolated from a cis-trans mixture6 by selective 
lactonization of the cis isomer. Whereas 1 was isomerically 
pure, VPC analysis7* of 2 indicated contamination to the ex- 
tent of 7% by 1. 

Alkylation of 1 with the sodium salt of dimethyl malonate 
[catalytic amount of (PhsP)4Pd, Ph3P, THF; reflux; 92% yield] 
gave a single product 44 which was assigned the cis stereo- 
chemistry.8 At 270 MHz, the requisite coupling constants 
could be d e t e r m i n e d J m  = JBD = JCD = 12.5 Hz, JBC = 6.0, 
JAC - 5 Hz-which clearly indicate that both HA and HB are 
pseudoaxial. Alkylation of 2 under identical conditions gave 
54 (80% yield) which VPC analysis7b indicated was contami- 
nated by 4 to the same extent (7%) that 2 was contaminated 
by 1. The trans stereochemistry was indicated by the coupling 
constants obtainable at 270 M H Z J A C  = 5.7, JAD = 4, JBC 
= 10, JBD = 4 , J c ~  = 13.5 Hz-which clearly suggest that HA 
is pseudoequatorial and HB is pseudoaxial. The assignment 
is further confirmed by the base-catalyzed isomerization 
[KOC(CH3)3, CHsOH, reflux] of the less stable trans isomer 
5 to the more stable cis isomer 4. Both isomers were decar- 
b~methoxylated~ [(CH&NOAc, HMPA, 100 “C, 75% yield] 
without loss of configurational purity. Compounds of this type 
have been utilized as intermediates to ibogamine.9 Thus, 
within experimental error, these “net sN2 displacements” 
of allylic acetates proceed with complete retention of con- 
figuration at the carbon undergoing displacement. Fur- 
thermore, no evidence for elimination competing with sub- 
stitution is seen. 

The question of the stereochemical integrity of the double 
bond in these reactions is crucial for their applications in 
synthesis. The well-known isomerization of a-allylpalladium 
complexeslO makes interconversions of olefin isomers highly 

Pd Pd 

likely. Thus, to probe this question, alkylation of geranyl and 
neryl acetate was examined (see Scheme 11). Alkylation of 
geranyl acetate with the sodium salt of either dimethyl mal- 
onate or methyl phenylsulfonylacetate under conditions 
identical with the above led to the product of substitution a t  
the primary carbon, Le., 6a4 and 6b,4 with complete retention 
of olefin geometry (VPC7” and NMR analysis) in 84-92% 
isolated yield. The E stereochemistry was confirmed by the 
13C NMR spectrum which showed a high field absorption for 
C, compared (sa, 6c, 15.97, 6cb 17.63,6cC 25.52; 6b, 6c, 15.84, 
6cb 17.40,6cC 25.39) with the absorption for this methyl carbon 
in the 2 isomer (vide infra). Unlike a-allylpalladium com- 
plexes from methylenecyclohexanes,l this alkylation reaction 
was insensitive to the nature of the phosphine present. On the 
other hand, it did show a sensitivity to the nature of the anion 
in which the sulfonyl anion led to attack only at the primary 
carbon atom. 

Neryl acetate showed an even greater sensitivity to the 
nature of the anion. Alkylation under the usual conditions 
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Scheme I. Alkylation of cis- and trans-3-Acetoxy-5-carbomethoxycyclohe~ne 
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Scheme 11. Alkylation of Geranyl and Neryl Acetate 

6 
w 

> 97 

7 
10 

c3 

a (X = C02CH$ 
b Cy =SOJ'h) 

gave 74 and 84 in 74-78% isolated yield. As in the above case, 
the stereochemistry of the internal olefin derived from attack 
at  the terminal carbon was exclusively 2 (VPVc and NMR 
analysis) as indicated by the l3C NMR spectrum (sa, 6c, 23.33, 
6cb 17.53,6~, 25.52; 8b, 6c, 23.12, 6cb 17.40,6~, 25.32). In con- 
trast to the geranyl case, the major product of the alkylation 
with malonate was attack at  the tertiary carbon atom, whereas 
switching to the anion of the sulfonyl acetate gave a high re- 
gioselectivity for attack at  the primary carbon atom. 

The completely different product distribution clearly at- 
tests to the fact that the alkylation reaction is much faster 
than the syn-anti isomerization of the r-allylpalladium 
complexes. Thus, palladium-catalyzed allylic alkylations are 
kinetically controlled processes. As a result of this fact, 
stereochemistry is completely retained a t  both the carbon 
undergoing substitution and the trisubstituted double 
bond-obviously of tremendous importance in the application 
of these processes in syntheses. 
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