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Summary: Reactions of tricarbonyl(2,4-dimethylpenta- 
dienyl)iron(l+) hexafluorophosphate (1) with sodium 
methoxidelmethanol and with phosphines are reported. 
Use of (S)-neomenthyldiphenylphosphine gives a 3:2 
mixture of diastereomers. Slow diffusion-controlled 
recrystallization of the mixturegives the single, optically 
pure diastereomer 6a in >80% mass recovery via a sec- 
ond-order asymmetric transformation involving revers- 
ible addition of the phosphine. The stereochemistry of 
6a at C2 ( S )  was determined by single-crystal X-ray 
diffraction analysis. 

The use of acyclic dienes complexed to a tricarbonyliron 
moiety has found increasing application in organic syn- 
thesis.2 In addition to protecting the diene functionality, 
the bulky Fe(C0)3 adjunct serves to direct the approach 
of various reagents opposite to the metal, thus facilitating 
highly diasteroselective carbon-carbon3 or carbon-oxygen4 
bond formation, in certain cases. If the diene complex 
utilized is optically pure, this diastereoselectivity can be 
translated into acyclic stereocontrol upon removal of the 
Fe(C0)3 adjunct. Optically pure acyclic (diene)Fe(CO)a 
complexes have been obtained via separation of racemic 
mixtures by classicals and kinetic resolutions6 and by c h i d  
chromatography.' Diastereoselective complexation of 
optically active diene ligands have been reported recently.8 
In this communication, we report on a novel method for 
the preparation of optically active diene complexes via 
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reversible nucleophilic addition to a symmetrical (pen- 
tadienyl)Fe(C0)3 c a t i ~ n . ~  

The symmetrical tricarbonyl(2,4-dimethylpentadienyl)- 
iron(l+) cation of 1 has been previously prepared and its 
reactions with sodium dimethylmalonate or with Zn 
examined.1° A wide variety of substituted (pentadieny1)- 
Fe(C0)3 cations are known to react readily with methanol 
to give the corresponding trans-dienyl ether complexes.ll 
In comparison, 1 was found to react with methanol only 
in the presence of sodium methoxide to give the racemic 
(22)-dienyl ether complex 2 (Scheme 1). This underscores 
the stability of this cation relative to other (pentadieny1)- 
Fe(C0)3+ cations. The reaction of 1 with triphenylphos- 
phine or tris(p-methoxypheny1)phosphine gave the 
corresponding racemic phosponium salts 3 and 4 (91 and 
88%, respectively). The triphenylphosphonium salt 3 is 
quantitatively recovered after heating at reflux in acetone 
(14 h); however, in the presence of P@-C&OMe)s, 3 is 
converted to 4 (88% isolated yield). This transformation 
occurs via reversible addition of PPh3 to regenerate the 
cation 1, which is captured by the more nucleophilic P@- 
CsH4OMe)s. We have previously observed reversible 
phosphine addition to only one other (pentadieny1)Fe- 
(CO)3+ cation.11c 

The reaction of 1 with (5')-neomenthyldiphenylphos- 
phine (5) (CHzC12, 22 h) gave a mixture of two diaster- 
eomers, 6a and 6b (3:2, 82%),12 resulting from attack of 
the optically active phosphine at each of the two penta- 
dienyl termini. Slow (6 days), diffusion-controlled re- 
crystallization of the mixture (CHzCldether) gave 6a (81 % 
mass recovery) as a single, optically active diastereomer.ls 
Notably, if pure 6a is allowed to stand in CDsCN (16 h), 
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NaOMe OMe ””/ (78%) 2 

6a (3:2,82%) 6b 

R* = (S)-neomenthyl 

the equilibrium mixture of 6a and 6b (3:2) is obtained. 
Thus, the diastereoselectivity observed for addition of 5 
to 1 is the result of thermodynamic control. The relative 
configuration of 6a was determined by single-crystal X-ray 
diffraction analysis (see Figure l).14 Since the absolute 
configuration of the phosphine is known, the absolute 
configuration at  C2 of 6a (Scheme 1) is assigned as S. 

Isolation of greater than the equilibrium amount of 6a 
is rationalized on the basis of interconversion of 6a and 
6b in solution and preferential crystallization of the major 
diastereomer, i.e. a second-order asymmetric transfor- 
mation.ls There are two possible mechanisms for the 
interconversion of diastereomers of 6a and 6b: (i) mi- 
gration of the Fe(C0)3 group from one face of the diene 
to the other or (ii) reversible nucleophilic attack by 5 to 
regenerate the symmetrical cation 1. While the former 
possibility has been demonstrated for other optically active 
(diene)Fe(CO)s complexes, in general this requires sub- 
stantially higher temperatures (ca. 120 OC).sa Because 
reversible phosphine addition to 1 has been demonstrated 
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Figure 1. X-ray structure of complex 6a, showing thermal 
ellipsoids (atom numbering is arbitrary). Selected bond 
lengths (A): Fe-C(5), 2.16(2); Fe-C(6), 2.06(2); Fe-C(7), 2.04 
(2); FeC(8) ,  2.14(2); P(l)-C(4), 1.83(2); C(4)-C(S), 1.52(2); 
C(5)-C(6), 1.48(2); C(6)-C(7), 1.40(2), C(7)-C(8), 1.36(3). 

(vide supra), we favor the latter possibility for the 
interconversion of 6a and 6b. The relative lability of the 
C-P bond toward dissociation may be due to stereoelec- 
tronic effects. Steric hindrance between the C2 diene 
methyl substituent and the bulky phosphine orients the 
C-P bond perpendicular to the plane of the diene. This 
orients the C-P bond anti to the Fe(C0)3 adjunct which 
should facilitate phosphine dissociation. 

In summation, we have shown that optically pure acyclic 
(diene)Fe(CO)a complexes can be prepared in good yield 
by second order asymmetric transformations of symmet- 
rical (pentadienyl)Fe(C0)3+ cations. Attempts to convert 
6a into optically active (triene)Fe(CO)a complexes are in 
progress. 
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