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Tricarbonyl(175-2-methyl-3-methoxycyclohexadienyl)iron(l + ) PF,(l - ) (2) un- 
dergoes regioselective alkylation by (-)-1-phenylethylamine and by phosphoramide 
derivatives of carboxylic acid esters. The diastereomeric l-phenylethylamine adducts 
were separated and reconverted into (+)-2 and (-)-2 by treatment with TFA. 
Resolved complexes such as 2 have stereochemical properties, arising from the 
presence of a planar chiral element, which preclude racemisation during their use in 
organic enantiomer synthesis. 

Compounds which contain planar chiral elements [l] have found little application 
in asymmetric synthesis until work began on the alkylation of transition metal 
m-complexes. Unlike conventional organic examples such as ‘strapped’ arenes, metal 
a-complexes formed from prochiral ligands comprise a planar chiral element which 
is capable of demonstrating very high chemical differentiation between the two 
faces of the plane in the ligand. We have recently reported [2] several instances in 
which iron complexes with planar chirality have been utilized with complete 
stereocontrol as equivalents of cyclohexenone cation synthons. This note concerns 
the uses of resolved complexes as chiral intermediates to 5-substituted 2-methyl- 
cyclohexenones (Scheme 1) in terpene synthesis and draws attention to the ad- 
vantages inherent in this general approach when applied in organic enantiomer 
synthesis. 

Consideration of the mechanism proposed [3] for the racemisation of organoiron 
complexes such as 3a, shown in Scheme 2, indicated that the addition of a further 
substituent to the planar chiral element would transform this process from a 
racemisation reaction into a regioisomerisation reaction. This arises because, when 
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SCHEME 1 

suitably substituted, tricarbonyliron * complexes cannnot form a symmetrical inter- 
mediate, whatever changes might occur to the position and extent of bonding to the 
metal. Such a planar chiral element, once introduced in fully resolved form, will 
render synthetic intermediates immune to racemisation until the stage at which the 
metal is removed to afford an organic product. If the final metal complex can be 
obtained as a single regioisomer, it follows that it must also be optically pure. 

As a first step towards the exploitation of these unusual properties, we have 
examined the resolution and alkylation of doubly substituted 7r-complexes of type 2. 
Our initial investigation [4] of organoiron complexes with these properties, however, 
was troubled by the poor regioselectivity of alkylation reactions of 2. We now 
describe the regiocontrolled alkylation procedures for the introduction of an alkyl 
side-chain suitable for the synthesis of cryptomerione (l), and for the addition of 
chiral auxiliaries for use in the resolution of 2 so making these complexes available 
in optically active form for application in enantiomer synthesis. 

The alkylating agents 4b and 4c, in which the stabilized enolate functionality was 
expected to encourage regioselective alkylation of 2, were prepared from 4a in 91 
and 76% yields respectively, by reaction with potassium hydride followed by the 
appropriate alkyl halides, iodomethane and 5-bromo-2-methyl-2-pentene (5). Unlike 

( codnued on p. 0) 

* In principle, this property is common to all transition metal n-complexes with suitably substituted 

prochiral ligands, provided no mechanism is available for the metal to exchange between the faces of 

the l&and. For tricarbonyliron complexes such isomerisation reactions. which would be revealed by 

the formation of mixtures of diastereoisomers from products such as 6 and 7 or by the racemisation of 

optically active complexes previously studied (ref. X), can be ruled out except in special circumstances 
(ref. 9). The situation with other synthetically useful metal complexes requires separate investigation in 

each case: the extensively studied chromium arene complexes appear not to equilibrate in this way (ref. 

10). Some palladium ally1 complexes can undergo reactions of this type (ref. 11). but here, too, 

racemisation can be precluded by the correct positioning of substituents (ref. 12). 
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the related alkylation [5] of phosphonate esters, no problems with elimination were 
encountered in the use of 5. Reaction of the sodium enolate of 4b with the salt 
( i)-2 gave a low yield of alkylation product. Use of potassium hydride to form the 
enolates proved somewhat more effective. In both cases, alkylation products 6 and 7 
were obtained as single regioisomers. Stereocontrol at the new chiral centre in the 
cyclohexadiene ring, destined to become C(5) of the enone product, was complete, 
demonstrating once again the powerful influence of the metal as a control centre. 
Both 6 and 7 were shown by NMR to be mixtures of diastereoisomers at the 
position 1y to the ring, but since this centre will subsequently be removed, control at 
this position is not required. 

Addition of ( - )-l-phenylethyl~ne ([a] n - 37”) to ( + )-2 was also re- 
giocontrolled, affording, in 80% yield, the expected [6,7] mixture of diastereoisomers 
8 which both arise from addition of the nucleophile tram to the metal. In view of 
our earlier successful resolution 161 of the salt 3b on an analytical scale by HPLC, 
separation of 8a and Sb was examined by preparative HPLC on a Dynamax 21.4 
mm I.D. silica column eluted with petrol/isopropanolftriethylamine (90/3/l). 
Samples of 8a ([cI]~- 275O) and Sb ({aID + 116O), obtained in this way, were 
shown to be pure by NMR and HPLC. It is notable, however, that the recovery of 
the complexes from the column was poor. Losses at this stage could arise by 
dissociation of phenylethylamine, but, unlike an example reported [7] for N-methyl- 
phenylethylamine, alcohol byproducts were not produced. Removal of the chiral 
auxiliary from 8a by treatment with TFA afforded (- )-2 ([tr]p - 179O) in 74% 
yield. The enantiomer, (+ )-2 ([a], + 155O ), was similarly obtained from 8b. The 
optical purity of these products is under investigation. The ability to effect the 
resolution and controlled alkylation of doubly substituted complexes such as 2 
completes the necessary prerequisites for the demonstration of their use in the 
organic synthesis of natural products. 

Stoichiometric metal +complexes with planar chirality offer a number of ad- 
vantages over catalytic systems when employed in enantiomer synthesis. The metal 
is not displaced from the product during alkylation, and so can be retained through 
a series of reactions to block racemisation and to serve as a control centre at 
subsequent steps. In addition, activation arises from the metal, not from the 
substituents that are destined to become functional groups in the product. This 
leads to considerable ~e~bility in synthesis design. This paper describes our initial 
results in a program of work that aims at first to demonstrate these advantages by 
the synthesis of simple natural products in which the absolute configuration and 
optical purity of a single chiral centre arises as a consequence of the stereochemical 
properties of complexes comprising a resolved planar chiral element, a first step 
towards the ultimate practical realization of the full potential of metal w-complexes 
as chiral synthetic equivalents. 
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