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Abstract* The CN=(CN),(C~),~~- anion (I) reacts with either one or two 

equivalents of benzyl bromide in either water/acetone or anhydrous acetonlt- 

rile to produce mainly 1,3-diphenyl-2-propanone. Excess carbon monoxide in- 

hIbIts the reaction. These results are interpreted as indicating that I 1s 

an intermedlate in the reaction of K4[Ni2(CN)6] with CO and PhCH*Br to form 

1,3-diphenyl-2-propanone. 

Although the mechanisms through which organic halldes undergo carbonyla- 

tlon by transItIon metal carbonyl complexes have been the sublect of intensive 

Investigations, 
1 

the reaction of benzyl bromide with potassium hexacyanodi- 

nlckelate[Il, K4[N12(CN)63, "Bellucl's salt", In the presence of CO to yield 

1,3-diphenyl-2-propanone 1s) to date, the only example of transltlon metal 

mediated carbonylatlon lnvolvlng a cyanide complex2 (eq. 1). 

K4[N12(CN)61 + PhCH*Br co PhCH2C(0)CH2Ph (1) 
HzO-acetone 

90.4% 

Since it has been establIshed that Belluci's salt dlsproportlonates quanta- 

tatlvely ln llquld NH3 In the presence of CO according to equation (2), 

Kq[Nlz(CN)63 + 2C0 p> K2[N1(CN)2(C0)21 + Kz[N1(CN),] (2) 
1. NH3 

and that potassium tetracyanonlckelate 1s unreactive with benzyl bromide, 
2b 

the lntermedlacy of the dlcyanodlcarbonylnlckel CO3 anion, [N~(CN),(CO)Z~~-, 

3999 
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1, is plausible. This possibility was noted by Hashimoto et al. 
2b 

, who, how- 

ever, seem to prefer a mechanism in which an initially formed benzylnickel 

species reacts with additional CO to form a benzoylnickel complex by insertion. 

A complicating consideration is the claim that aqueous solution of 1 are pH 

sensitive and form Ni(C0)4 in neutral aqueous media in the presence or CO. 4 

Nickel tetracarbonyl has been shown to react with benzyl bromide in dimethyl- 

formamide to give 1,3-diphenyl-2-propanone in high yield. 
5 

As part of a more general study of the reactivity of low-valent transition 

metal cyanide complexes, we have examined the relationship of compound 1 to 

reaction (1). We find that reaction of either the mixture K2[Ni(CN)2(C0)21 + 

Ks[Ni(CN),I or of cP(C&(s)43~ [Ni(CN)s(CO),3, la,3 with benzyl bromide pro- 

duces 1,3-diphenyl-2-propanone. Reactions of the mixture of potassium salts 

or la with either one or two equivalents of benzyl bromide, with and without 

CO present, were carried out. The results of these experiments are summarized 

in Table I. 
6 

Table 1. 

KztNi(CN),(CO),l+K2[Ni(CN)4j: 
PhCH,Br 

Expt. Molar Ratio 

1 1:2 

2 1:2 (CO present) 

Lit.lO K4[Ni,(CN)61: halide 

1:2 

[(C,H,),P1s[Ni(CN),(cO)2j: 
PhCHzBr 

3 1:l 

4 1:2 

5 1:l (CO present) 

6 1:2 (CO present) 

% Yield 

1,3-diphenyl- benzyl 
2-propanone bibenzyl cyanide 

89% -6% cl% 

52% -3% not detected 

90.4% 3.1% 

75% -9% 

46% -6% 

38% -_ 

21% <l% 

not detected 

not detected 

not detected 

not detected 

not detected 

a 
A mixture of water and aeetone was employed as solvent in entries 1 and 2; 

acetonitrile for entries 3 to 6. Reaction times and temperature were identi- 

cal in every case. 

1,3-Diphenyl-2-propanone was clearly the major organic product in each 

case. Product yields dropped significantly in the presence of CO or when 

two equivalents of halide per 1 were used. The effects of the two modifica- 

tions are roughly additive. The reaction proceeds almost as well in a 
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strictly anhydrous medium as In the mlxed aqueous-organic solvent system used 

for reactron (1). 

The effect of excess CO is consistent with a mechanism lnvolvlng llgand 

loss prior to or as the rate determlnmg step; carbonylatlon reactions retarded 

by CO are known. 
8 

Llgand loss has been shown to be krnetrcally Important In 

related reactlons of Nl(CO), with ally1 bromide' and lodobenzene. 
10 

The effett of benzyl bromide on the ketone yield 1s most likely a manr- 

festatlon of the presence of an alternate reaction path. Metal cyanide anions 

are potentially ambldentate nucleophlles, since the cyanide nitrogens as well 

as the metal center are srtes of hrgh electron density. In the presence of a 

higher concentration of benzyl bromide, reaction of an lntermedlate alkyl or 

acyl nickel cyanide specres at a cyanide may become competrtrve with the reac- 

tion path leading to ketone. A competltlve pathway leadlng to a metal-bound 

product is consistent with our lnablllty to detect any addltlonal organic pro- 

ducts in the reactions wrth excess benzyl bromide. 
11 

Bands at 1629 and 1649 
-1 

cm m the infrared spectra of residues from these reactlons are consistent 

wrth the presence of brldglng rsocyanrdes. A mechanrsm incorporatrng these 

features 1s outllned in Scheme I. The only nickel-contammg product evident 

Scheme I 

[N=(CN),(CO),12- - [N~(cN)(CO),I- + cN_ 

CN~(CN)(CO)*~- f PhCH*Br - [PhcH~-N~(cN)(CO)*Brl- 
\ 

(by IR) m the 1.1 reaction residues 1s tetracyanonlckelate(II), lndlcatmg 

that the real stolchiometry must be 2-l halide to 1. 

The above experiments offer the first evidence fox the lntermedlacy of 1 

In the carbonylatron of benzyl bromide by Kq[N~2(CN)6] with carbon monoxide. 

Experiments are m progress toldentify organonlckel IntermedIates and to study 

the effect of halide structure and solvent on the reaction. That solvent may 

play an Important role In these reactions xs shown by the observation that 

while E-@-bromostyrene reacts with 1 In mixed water-methanol to give a mixture 

of E-clnnamaldehyde and E-methyl cmnamate, 2b the maJor product of the reactron 

with la carrred out in anhydrous acetonLtrlle xs E-cI_nnamonrtrrle. 12 
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