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Acyliron complexes, easily prepared from disodium tetracarbon-

ylferrate and alkyl halides, reacted with aryl iodides in the pres-

ence of a catalytic amount of Pd(PPh3)4 and a cocatalyst, ZnC12, to 

give aromatic ketones in good yields. (R)-2-Methyl-1-phenyl-1-oc-

tanone was prepared starting from (S)-2-bromooctane in an excellent 

optical yield.

It is well established by Collman and his coworkers that a strong nucleo-

phile, disodium tetracarbonylferrate (1) reacts with primary or secondary alkyl 

halides or tosylates by typical SN 2 reaction with inversion of stereochemistry 

to give alkyliron complexes (2), which undergo migratory insertion to afford 

acyliron complexes (3) with retention of stereochemistry in the presence of 

ligand such as CO or PPh3.1) Thus acyliron complexes with a chiral center of the

opposite configuration are obtained when the starting substrates are chiral. 
The acyliron complexes (3) are synthetically useful since they can be used as 
acyl anion equivalents. Aldehydes and carboxylic acids or their derivatives can 
be prepared by protolytic2) or oxidative cleavage.3) The acyliron complexes (3) 
also can be used for carbon-carbon bond formation; the reaction with reactive 
alkylating reagents produces unsymmetrical alkyl ketones.4) Interestingly, (R)-
3-methyl-2-nonanone was prepared in this reaction starting from (S)-1-methyl-
heptyl tosylate in 99% optical yield.4) However, the scope of the ketone-
forming reaction is rather limited because of the low reactivity of 3; the 
complexes (3) seem to react with only strong alkylating agents such as primary 
alkyl iodides or tosylates, benzylic halides or a-chloroethers.4) If, however, 
these react with the other types of organic halides, the synthetic utility of 
the reaction will be increased. In this paper, we wish to report a simple and 
efficient method for the synthesis of aromatic ketones by the Pd(PPh3)4 cata-
lyzed reaction of 3 with aryl iodides in the presence of a cocatalyst, ZnCl2.5,6) 

Though acyliron complexes (3) can be also prepared by various methods, e.g., 
such as the treatments of 1 with acyl halides) and of Fe(CO)5 with organo-
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lithiums,8) those prepared from 1 and alkyl halides in the presence of PPh3 in 

polar solvents was used in the present study. N-Methyl-2-pyrrolidone (NMP), 

which is the best solvent known for the oxidative addition of alkyl halides to 

1.9) turned out to be also most effective for the couplinq reaction. Though THF-

DMF mixture (1:1) is also effective, heating  at 50℃ was required for the reac-

tion to take place. The presence of the Pd-catalyst is essential. No coupling 

product was obtained without the catalyst. Even in the presence of the catal-

yst, the reaction was very slow in the absence of ZnCl2 (<10% yield after 12 h 

at room temperature), however, the addition of ZnCl2 (1-1.5 equiv.) accelerated 

the rate and completed the reaction within 3 h at room temperature. The reaction 

takes place, but proceeds only slowly with a catalytic amount of ZnCl2 (72% 

yield after 12 h with 0.45 equiv. ZnCl2). 

The representative method is as follows. A mixture of Na2Fe(CO)410) (1, 650

μl of  0.2 M NMP solution, 0.13 mmol), octyl bromide (23 μl, 0.13 mmol), and PPh3

(34 mg, 0.13 mmol) was stirred under nitrogen for 2 h at room temperature. To

this solution of nonanoyliron complex were added phenyl iodide (10μl,0.1 mmol),

Pd(PPh3)411)(500 μf  0.02 M C6H6 solution, 0.01 mmol), and ZnCl2  (500μl

of 0.3 M THE solution, 0.15 mmol) and the reaction mixture was stirred at room 

temperature for 3 h. After usual work-up, purification by silica gel chromato-

graphy with 5% AcOEt-hexane gave 1-phenyl-1-nonanone in 81% yield. 

The reactions with a variety of aryl halides carried out in the same condi-

tions are summarized in Table 1. All the products were adequately characterized 

by means of the spectroscopic and elemental analyses. Primary and secondary 

alkyl bromides react smoothly, but tosylate does not react satisfactorily in 

these conditions. The toleration of various unmasked functional groups, which 

is one of principle advantages of Na2Fe(CO)4 reactions," holds true for these 

reactions as can be seen in the case of ethyl 4-bromobutanoate. The reaction 

with aryl iodides is smooth, but that with phenyl bromide is very sluggish. The 

presence of a substituent in the meta or para position on the aryl ring does not 

interfere the reaction, however, an ortho-substituent seems to retard the reac-

tion, presumably, because of steric interference. Both electron attracting and 

releasing groups do not affect the reaction. It is noteworthy that p-iodo-

aniline can react without any protection. It is also worth to mention that 

optically active (R)-2-methyl-l-phenyl-l-octanone12)(90% ee)13) can be obtained 

from (S)-2-bromooctane, which was prepared from (R)-2-octanol(95% ee) 14) with 

(CH3)3SiBr according to the method reported by Jung,15) though the yield of the 

ketone was not so good in this case (41%).16) This means that the conversion 

of the bromide to the ketone occurred at least in 95% optical yield. 17)

The reaction can be considered to proceed through reductive elimination of 

an acyl-organopalladium(II) complex which is formed by the transmetallation of 

an acyliron complex with an organopalladium(II) halide complex, generated by
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Table 1. Reaction of acyliron complexes with aryl halides a)

a) All reactions were carried out as described in the text unless otherwise 

mentioned. b) The conditions for the coupling reactions. c) Isolated yield. 

Number in parenthesis is GLC yield. d) A mixture of THF-NMP(3:1) was used as the 

solvent. No product was obtained in NMP.

oxidative addition of aryl halide to the Pd(O) catalyst.18) Such acyl-organo-

palladium(II) intermediates were also assumed in a number of ketone synthesis 

reactions, such as Pd-mediated reactions of acyl chlorides with organotins,19) 

organozincs,20) and organomercurials.21) The cocatalyst, ZnCl2, seems to facil-

itate the transmetallation step as reported before.6) Unfortunately, however, 

the exact role of ZnCl2 is not clear and has been left to be clarified. 

Studies on reactions of acyliron complexes with other types of organic 

halides in the presence of Pd catalysts are under progress. 
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