
Tamhdmn Letters. Vol. 35, No. 24. pp. 42154218.1994 
ElMiu scicnca Ltd 

RiakdiIlOrre1BrieoiD 
oo4o-4039194 57.00+0.00 

0040-4039(94)EO749-N 

Stereoselective Addition of Silyl Enol Ethers to 
a-Ferrocenylcarbenium Ions 

ChriStopher J. Richards,* David Hibbs and Michael B. Hursthouse 

S&ml of- and Applied chanisfry. Uni~~&y of Wales Cdk.ge of Chiiff, cFl3TB. U.K. 

Abshctt I-Faroccaylakoholls ate readily c0nvcftcd inKi their cansponding a-fcnocarylcarbcnillm 
te&aflmbaatc salts. These ICOCI cleanly with silyl cd ehas to give alkylatcd pnxhts with up to 
6 : 1 selectivity for the anti diasbzm%scnner. 

Ferrocene based ligands systems, incorporating both tetrahedral and planar chirality, have found 

successful application in numerous aSymmetriC CatalytiC processes.’ A feature of existing ligands is their 

common SytItheSiS from N,N-dimethyl-1-ferrocenylethylamine derivatives by stereospec%c replacement of 

dimethylamine by other secondary amines. 2 These reactions proceed via configurationaJly stable a- 

ferrocenylcarbenium ions, which also form adducts with a wide range of other heteroatom nucleophiles.3 

It has been previously reported that a number of transition metal stabilised carbenium ions including 

(propargyl)dicobalt hexacarbonyl ionsP (qs-cyclohexadicnyl)iron tricarbonyl salts5 and cationic (q6- 

chloroarene)iron and ruthenium cyclopentadienyl complexes,6 react with silyl enol ethers to give alkylated 

products. Amacted by the possibile application of this alkylation methodology to the synthesis of novel 

ferrocene derivatives, we sought to investigate the reaction between silyl enol ethers and a- 

ferrocenylcarbenium ions. Our preliminary results are mported in this letter. 

a-Fcrrocenylcarbenium ions were conveniently generated by the addition of HBF4 to diethyl ether 

solutions of 1-ferrocenylalcohols la-c. in a modification of a procedure previously reported by 

Allenmark.3~7 Subsequently, 2a was dissolved in CH2Cl2 and to this was added, at low temptrahue, an 

excess of l-(trimethylsiloxy)styrene. The addition was accompanied by an almost instantaneous change in 

colour from very dark red to yellow. After work up, the adduct 3 was isolated by chromatography in 

excellent yield (Scheme 1. Table 1). 
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Table la 

Entry Substrate Silyi en01 
ether Product amti : synb Yield’ (%) 

3 
1 la 

A 
R=R2=Ph _ 88 

Ph R’ =H 
_____-___----_----__~-~~~~~~~~~~~~~~~~~~-~~~~-~~~~-~~~~_ 

2 lb 1, 

4 

$==!g 

R’=Ph 

93 

3 lc 
sd 
R=R’=H - 
R2 = Ph 

85 

4 la 
:=Ph 
R1/R2 = 2.5 : 1 90 

-(C&)4- ~~~--~~----~~--~~~~-~--~~---~~--~~~~~~~~-~~~--~~~--_~~-- 

5 la 1 : 1.3 98 

7 la 
8 
R=R2=Ph 6:l 89 
R’=Me 

_____--____--___----~---__~---_~----~---__----~---~~---- 

CJTBDMS 8’ 
8 la 

dPh 
R=R’=Ph 6:l 
R’=Me 

9 lb 
Ph 

~=R’=M~ 2.7 : 1s 95 
R2 = Ph 

a) AI1 reactions were performed according to the standard procedure7 unless otherwise stated. b) As determined by lH NMR 
spectroscopy. c) Is&ted yield, cakuIated from 1. d) 2c genemted and washed at -30 or2 e) Reaction mixtum stined at -78 oC for 
Ih. prior to quenching. f) Reaction mixture warmed to -40 Oc over a period of 1 h. prior to quenching. g) Relative conf@&om 
assigned by anaIogy with entries 4 and 7. 

Similarly. compounds 4 and 5 were prepared from 2b and 2c respectively, showing that the sucess of the 

reaction is independent of the relative stability of the intermediate a-ferroce nylcarbenium ion. 

Allcylation of 2e with l-(trimethylsiioxy)cyclohexene (entry 4) resulted in a modest 2.5 : 1 selectivity 

for one diastereoisomer of 6. After purification by chromatography and recrystallisation, the relative 

configuration of the major isomer was found to be anti by an X-ray crystal structure analysis (Figure l).g 
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Interestingly, use of the comzsponding tcrt-butyldimetbylsilyl en01 ether (entry 5) gave a 1.3 : 1 excess of 

the syn diastereoisomcr, and addition of l-(trimethylsiloxy)cyclohexene to 2b (mtq 6) gave 7, as a 1 : 1 

mixtule of diastereoisamers. In contrast (Zknol ethers, derived from propiophenone, sdded to 2a with 6 : 1 

selectivity for one diastereoisomer of 8. In this instance selectivity was observed to be independent of tbe 

a&y1 groups attached to silicon (entries 7 and 8). The minor isomer was removed by -on and the 

relative configuration of tbe major isomer was determined as anti. again by an X-ray crystallographic 

analysis (Figure 2).9 Finally, alkylation of 2b by (Z)-l-phenyl-1-(tknethylsilyloxy) proceeded with 

2.7 : 1 diastereoselectivity to give 9 (entry 9). 

Figure 1 Molecular structure of ub’ 6 Figure 2 Molecular structure of a&i 8 

To account for the observed stereoselectivity, it is proposed that the reactions proceed predominantly 

via the extended acyclic transition states 10 and 11 for the Q- and (E)-silyl enol ethers respectively. In 

model 10, the trialkylsiloxy group is remote from other sterically demanding groups snd, as a result, a 

change in the size of this group has no effect upon the diast~selectivity (entries 7 and 8). In contrast, for 

11, the trialkylsiloxy group is proximal to carbenium ion substituent R such that the alternative transition 

state 12 is increasingly favoured by a change from trimethylsilyl to tert-butyldimethylsilyl (enties 5 and 

6). 
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The observed anti selectivity is opposite to that expected by application of topological rules for the 

combination of two prochiral Ic-systems. lo These require a gauck relationship of the donor and acceptor SC- 

systems, which in the above cases would lead to a predominance of the syn diastetr!oisomers. It is of note 

that in a related process, cobalt complexed propargylic ethers were observed to give syn slkylated products 
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with silyl enol ethers in the presence of a Lewis acid, a reaction that is believed to proceed via the 

intermediacy of a carbenium ion.” However, it appears that for the addition of silyl enol ethers to 

a-ferrocenylcarbenium ions, the relative bulk of the donor and acceptor systems dictates that an anti 

mlationship is pm&red, such that electrostatic repulsions are minimised.12 

In summary, we have demonstrated that alkylation of 1-ferrocenylalcohols proceeds in excellent 

overall yield, and in certain instances, with good and diastereoselectivity. We are currently applying this 

methodology to the synthesis of novel fetrocene based catalyst systems. 
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