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Summary: Reaction of organolithium reagents with n3-pentadienyl iron complex 4 occurs at the C2/C4
position of the x-system, generating o,13-iron complexes 5. Air oxidation of these o,n3-iron complexes
generates cyclohexenones. Reaction of the slightly more electron-poor n5-pentadienyl iron complex 11
gives nucleophilic attack at both the C2/C4 and the C1/CS position.

The regioselective reaction of nucleophiles at the terminus of the ®-system of cationic
(n3-cyclohexadienyl)iron tricarbonyl complexes to produce n4-cyclohexadiene iron complexes (Eq. 1, path
a, M=Fe(CO);, n=1) has been intensely studied and utilized in organic synthesis.12 The literature,
however, also contains scattered reports of nucleophilic attack at the C2 position of cationic 45-dienyl
transition metal complexes, especially with acyclic n3-pentadienyl and n3-cycloheptadienyl complexes,
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generating om3-complexes34 (Eq. 1, path b). Although few detailed studies have been reported,’ it
appears that the regioselectivity of this reaction depends on a variety of factors, including the nature of the

nucleophile, the electronic characteristics of the metal and its ligands, and the substituents on the n’-dienyl
system. Our interest in the chemistry of on3-transition metal complexes led us to investigate the reaction of
nucleophiles with n3-pentadienyl iron complexes as a general route to o,n3-iron complexes.

Since it appeared from the literature that nucleophilic attack at the C2 position of #3-pentadienyl iron
complexes would be enhanced by the use of electron donating spectator ligands,3ab. a study of the
reactivity of n’-pentadienyl iron complex 4 was initiated. Irradiation of Fe(CO),PPh; (1)6 in benzene in the
presence of 2,4-pentadien-1-ol (2)7 provided iron diene complex 3 in 76% yield.89 Reaction of 3 with
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hexafluorophosphoric acid generated cationic #3-pentadienyl iron complex 4 in 71% yield1? (Eq. 2).

Complex 4 is a yellow crystalline solid which can be stored at room temperature in the air for at least six
months without decomposition.
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Since Pearson has reported that the reaction of organolithium reagents with cationic
n’-cycloheptadienyl iron dicarbonyl triphenylphosphine complexes takes place mainly at the C2 position of
the n-system,3¢ the reaction of 4 with several lithium reagents was explored. Thus, reaction of methyl-
lithium, n-butyllithium, or phenyllithium with 4 at -78°C in dichloromethane generates o,n3-iron complex 5
in near quantitative yield, along with very small amounts of iron diene complex 6 (Scheme 1). Although 5
decomposes readily in air (vide infra), 1H NMR and IR data!l confirm formation of the desired o,33-iron
complex resulting from attack at the C2/C4 position of the n’-pentadienyl complex. The large upfield shift
(to -0.62 ppm) of the H,,; proton is especially indicative of a metal-carbon o-bonded species.3d

The instability of o,n3-iron complexes 3 in air apparently is the result of an oxidatively-induced
reductive coupling of iron acyl complex 7, formed by a facile insertion of carbon monoxide into the

metal-carbon o-bond of o,n3-complex 5 (Scheme 1). This reductive coupling takes place upon stirring a
solution of § in dichloromethane in air for 12-24 hours without the addition of carbon monoxide, producing

cyclohexenones 9 and 10 (Table 1) in moderate yield.1213 It should be noted that the on3-cycloheptenediyl
iron complex produced by the reaction of nucleophiles with n3-cycloheptadienyliron cations fails to under-
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go this transformation unless subjected to high pressures of carbon monoxide and high temperatures or
strongly oxidizing conditions.!4

In order to determine if the triphenylphosphine ligand is necessary for this reaction to occur,
n>-pentadienyliron complex 1115 was reacted with organolithium reagents under the same conditions used
for reactions of complex 4. This reaction, after air oxidation, also produces cyclohexenones 9 and 10Q, the
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result of nucleophilic attack at the internal position of the n-system, along with considerable amounts of
nd-diene complex 13 (Scheme 1, Table 1). It appears, therefore, that replacing a carbonyl ligand with a
phosphine in this system does promote nucleophilic attack at the internal position, as expected. This result
follows the predictions of Davies, Green, and Mingos!5 that nucleophilic attack on open odd x-systems
with electron-rich metal centers should take place at the even numbered carbons.

Table 1. Yxelds of 2—cyclohexenoncs vs iron dxene oomplexes

R L 9 10 6/ 13 C21C4 CL/CS
Me PPhy 15%% 21% <1% >36:1
" (80) 25% 10% 30% 1.2:1
nBu  PPhs 35% 31% <1% >66:1

" Cco 10% 8% 25% 1:1.4
Ph PPh, 31% 36% <1% >67:1

" co 10% 8% 12% 1.5:1

From these results it is apparent that, in contrast to the reaction of n3-cyclohexadienyl iron complexes,
where internal attack has not been reported, the reaction of nucleophiles at the two position of both

n3-pentadienyl and n3-cycloheptadienyl iron complexes is favored over reaction at the terminus of the
a-system in some cases. Also, the transformation of the resulting o,n3-iron complex into 2-cyclohexenones
under mild conditions demonstrates the potential reactivity of such systems. Current studies include the
examination of different spectator ligand combinations on the reactivity of the n’-iron complex, the range of
suitable nucleophiles, and the effect of substitution in the pentadienyl system. Further transformations of

the o,n3-iron complex are also under investigation.
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