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Imidoyl chlorides react with aroyltricarbonylnickelates, under mild condi- 
tions, to give 1,4-diaza-1,3-butadienes and a&ketones. An electron transfer 
mechanism is proposed for this reaction. 

The reactions of inndoyl chlorides with organometallic complexes has been a 
particularly active area of research in the past few years [l-7]. Several novel 
types of organometallic complexes [e.g., I] have been isolated, Cl-61 and 
mesoionic compounds [e.g., 21 have been synthesized via the remarkable reac- 
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tion of imidoyl halides with acyltetracarbonylferates [7] _ It was proposed that 
iminoacyliron complexes (3) were initially formed in the latter reaction, and 
that such complexes then experienced acyl migration rather than reductive eli- 
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mination (which would have afforded the monoimine derivative of cu-dike- 
tones). - 

-Fe(CO)a 
I 
I 

F&-C =NR3 

(3) 

Aroyltricarbonylnickelates, usually generated by reaction of organolithium 
compounds with nickel tetracarbonyl, have been shown to be of some use in organ- 
ic synthesis [ 81. It seemed conceivable to us that reaction of imidoyl chlorides 
with aroylticarbonylnickelates would afford 4 (the nickel analog of 3), and 

-ii 
R’C- Ni(CO), 

I 
R2-C=NR3 

(4) 

that the latter may then undergo reductive elimination instead of acyl migra- 
tion_ We now describe the results of a study of this reaction. 

Results and discussion 

Treatment of benzoyltricarbonylnickelate (5, R’ = Ph), generated by reac- 
tion of phenyllithium with nickel tetracarbonyl in ether at -60” C, with an 
equimolar amount of the imidoyl chloride 6 (Rz = p-BrC&I,, R3 = Ph) first at 
0” C and then at room temperature, afforded the 1,4-d&a-1,3-butadiene deriva- 
tive 7 (R* =p-BrCJ-L,, R3 = Ph) in 28% yield, benzil(8, R’ = Ph) in 48% yield, 
and a small amount (1.6%) of the amide 9 [R* = p-BrC&I,, R3 = Ph]. The latter 
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compound results from hydrolysis of unreacted 6 during reaction work-up. 
1,4-Diaza-l,3-butadienes [R* = p-Cl&O&H,, .Ph; R3 = Ph, p-Cl&&] were 

obtained in 36-50s yield by reaction of either benzoyl or p-toluoyltricar- 
honylnickelate with several imidoyl chlorides (Table I). These diazadienes, pre- 
viously prepared by reaction of or-dicarbonyl compounds.with amines, have 
been widely utilized as ligands in organometallic chemistry [9]. Only in one 
case [R’ = R* = R3 = Ph] .was the a&ketone monoimine isolated as a by-prod- 
uct in these reactions. 

The structures of 7-10 were elucidated on the basis of infrared, nuclear 
magnetic resonance, and mass spectral data, as well as by elemental analysis. 
Comparison of melting po’mts and spectral data with authentic samples were 
also made, where possible. 

The results obtained above indicate that complexes of structural type 4 are 
unlikely intermediates in the reaction (unless 4 was produced, and the subse- 
quent reductive elimination step was slow relative to organic ligand exchange). 
Rather, they are indicative of an electron transfer pathway (Scheme 1). Such 
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one electron transfer from 5 to 6 would generate the radicals 11 and 12. The 
diazabutadienes (7) would then arise from selfcoupling of 12, while the benzil 
species 8 may result from conversion of 11 to the aroyl radical 13, followed by 
coupling. It is likely that coupling of 12 to give 7 is faster than dissociation of 
11 to 13, since one would otherwise anticipate the formation of appreciable 
amounts of cr-diketone monoimine (10). 

It is possible that several of the previously reported reactions involving aroyl- 
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tricarbonylnickelates proceed via an electron-transfer mechanism [ 81. Clearly, 
the reaction of imidoyl chlorides with aroyltricarbonyLnickelates is fundamen- 
tally different than that with aroyl (or aryl) tetracarbonylferrates. 

Experimental 

General 
Melting points were recorded on a Gallenkamp or Fisher-Johns apparatus, 

and are uncorrected. Elemental analyses were performed by M-H-W Labora- 
tories, Phoenix, Arizona, and by Canadian Microanalytical Service, LA&l., Van- 
couver, Canada. Infrared spectral determinations were made using Unicam 
SPllOO spectrometer, equipped with a calibration standard. Varian T60 and 
MS9 spectrometers were used for ‘H NMR and mass spectral determinations, 
respectively. 

The imidoyl chlorides were prepared by literature methods [lO,ll] while 
nickel tetracarbonyl and phenyllithium were commercial reagents. All reactions 
were run under a dry nitrogen atmosphere. 

General procedure for the reaction of irnidoyl chlorides with aroyltricarbonyl- 
nickelates 

To nickel tetracarbonyl(O.50 ml, 3.97 mmol) in ether (3 ml) at -60°C was 
added 3.9-4.0 mmol of the organolithium reagent. The solution was stirred for 
45-60 minutes at -6O”C, then at -3O“C for 3 hours. After increasing the tem- 
perature to O”C, the imidoyl chloride [3.95-4.00 mmol] in ether [5-IO ml] 
was added. The solution was stirred overnight at room temperature, filtered, 
and the filtrate was evaporated. Separation of the products was achieved by 
preparative thin-layer and/or column chromatography (methylene chloride or 
chloroform-ether) with the diazadiene (7) being eluted off the column prior to 
the e&ketone (8) and the amide (9). 
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