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1 -Al koxy and I-acetoxy substituted tricarbonyl(q5-cyclohexadienyl)iron(l +) complexes undergo reactions with 
nucleophiles at opposite ends of the n-system in a reversal of regiocontrol that offers novel possibilities for 
complementary control strategies in  applications in asymmetric synthesis, since the two series of complexes can be 
obtained from the same precursor. 

Regioselective alkylation reactions are an essential require- 
ment for the efficient application of chiral electrophilic 
n-complexes in asymmetric synthesis. 1 Suitable directing 
groups on the metal-bound n-system are required to ensure 
regioselectivity is maintained. Good regiocontrol, however, 
inevitably precludes access to the alternative regioisomer 
series, so restricting the range of structural types accessible 
from a particular compound. This can be a limitation in 
synthetic applications, if compounds from the inaccessible 
regioisomer series are required. In order to improve the 
synthetic versatility of tricarbonyl(~l5-cyclohexadieny1)- 
iron(l+) complexes,* we have begun an examination of 
methods that reverse the normal regiocontrol of directing 
groups on the dienyl system by use of similar replacement 
groups that have different control properties in the alkylation 
step. 

This paper describes the first example of a reversal of 
regiocontrol based on this strategy. The results arise from an 
investigation that compares the regiodirecting influence of 
OEt and OAc substituents at C-1, in reactions that add a 
methyl group to the dienyl ligand. We have recently de- 
scribed3 the addition of PhLi at C-1 of the ~f~-l-ethoxycyclo- 
hexadienyl complex 2a; to confirm the regioselectivity of 
methyl group addition, a similar reaction has been examined 
employing MeLi as the nucleophile. This produced the 
expected C-1 adduct 3a in 83% yield,? a result consistent with 
the now well established4 ips0 directing effect of C-1 alkoxy 
substituents (Scheme 1). For comparison, the 1-acetoxy 
substituted cyclohexadienyl cation 2b was prepared, by 
reaction of the cyclohexadienone complex lS with HPF6 in 
acetic anhydride at 0 "C. The product 2b was precipitated as a 
yellow powder in 88% yield by addition of diethyl ether. 
Alkylation of the 1-acetoxy cation with methyllithium proved 
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Scheme 1 Reagents and conditions: a; R = Et b; R = Ac; i, Et,0PF6 
(see ref. 3) for R = Et, A q O ,  HPF6 for R = Ac; ii, see Table 1; iii, 
HBF4 then NH4PF6 

t All new complexes have been characterised by NMR, IR and mass 
spectroscopy, and by microanalysis or high resolution mass spec- 
trometry. 

to be well regiocontrolled, but, in contrast to the ips0 directing 
effect of 1-alkoxy substituents, the alkylation of 2b now 
favoured only addition at the far end of the n-system, 
producing the adduct 5b in 54% yield. These results, 
summarized in Table 1 (entries 1 and 3), indicate that alkoxy 
and acetoxy groups provide opposite regiocontrol effects. 

The use of dimethylcuprate to introduce the methyl 
substituent was examined next. Reaction between the 
1-ethoxy complex 2a and dimethylcuprate (Table 1, entry 2) 
produced a 2 : 3 mixture of 3a and 5a. Comparison of the yields 
listed in Table 1 shows that the use of the cuprate reagent was 
less efficient, as well as less regioselective, than the correspon- 
ding reaction using methyllithium. When the 1-acetoxy 
complex 2b was used, however, better results were obtained 
(Table 1,  entry 4). Addition proceeded only at the far end of 
the n-system to form the regioisomer 5b in 50% yield. 

Comparison of lH NMR spectra of 3a, 5a and 5b allowed 
convenient regiochemical assignments to be made. Con- 
clusions were based on the integration values for the diene 
hydrogens and the multiplicity of the methyl signals, which 
appeared as a singlet in 3a, but as doublets in 5a and 5b. 
Confirmation of the regiochemical assignment was obtained 
by the conversion of the products into two different cyclo- 
hexadienyl complexes, by removal of the OEt or OAc groups 
in acid. Reaction of 3a with CF3C02H at 0 "C afforded the 
1-methyl substituted salt 4 which was precipitated in 85% yield 
by addition of ammonium hexafluorophosphate. The corre- 
sponding reaction of the acetoxy substituted complex 5b 
proceeded in accord with findings recently reported for similar 
alkoxy substituted complexes, which are known to rearrange 
extensively before loss of the alkoxy group. The favoured 
pathway involves substituted +ally1 intermediates that retain 
the best stabilization of positive charge.6 As expected, in the 
case of Sb, only the 3-substituted salt 6 was formed. The 
product was isolated by precipitation as before in 62% yield. 
These experiments demonstrate that the complementary 
regioselectivity arising through the use of 1-alkoxy and 
1-acetoxy substituents can give practical access to two separate 
series of regioisomers. 

These studies have thus identified a fundamental difference 
between the regiodirecting effects of alkoxy and acyl substitu- 
ents, a distinction that may reflect the differences in the 
electron donation by these groups to the n-system. To make 
use of the reversed regiodirecting effect of the 1-acetoxy 
substituent , organolithium reagents appear at present to be 
the best nucleophiles to employ, since early experiments with 

Table 1 Effect of substituents and nucleophile on regioselectivity 

Substituents 
Product ratio Combined 

Entry R Nu Reagent 3:5 yield (%) 

1 Et Me MeLib 100 - Q  83 
2 , Et Me MezCuLic 40 60 36 
3 Ac Me MeLib -0  100 62 
4 Ac Me Me2CuLic 100 50 
~~~ ~~ 

0 None was isolated. b In CH2CI2-diethyl ether at -78 "C. C In 
tetrahydrofuran-diethyl ether at 0 "C. 



other nucleophiles such as hydride donors suggested that 
competing nucleophile addition could occur at the acetoxy 
group to re-form the dienone 1. However, since this product 
could also arise through hydrolysis of 2b, further work is 
needed to define the scope of the reaction. We are examining 
other nucleophiles and acetoxy substituted cyclohexadienyl 
complexes having already demonstrated in the present case of 
methyl group addition, the first example of a reversal of 
regioselectivity by the use of complementary directing groups 
on electrophilic transition metal n-complexes. 
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