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It has been demonstrated eartfethat nickel(ll) salen can
be reversibly converted to nickel(l) salen and ,thdien
nickel(l) salen is electrogenerated in the presesfcan
alkyl monohalide, a rapid catalytic reaction occtios
form alkyl radicals which lead to the productiontbfee
main products (a dimer, an alkane, and an alkehrejhe
present research, we have discovered that additicm
primary alkyl monohalide to a solution containingep
electrogenerated nickel(l) salen, followed by expesof
the reaction mixture to either air or dioxygen, gees
an aldehyde as one of the products. Productioanof
aldehyde via this nickel(l) salen—alkyl monohalide—
dioxygen reaction can be contrasted with that obthby
the classical photodecomposition of an alkylcob@it(
intermediate in the presence of dioxyd&nOptimization

of our new procedure will provide another method fo
synthesizing aldehydes, which are useful starting
materials and reagents in the polymer, food, andjdr
industries.

A number of variables have been investigated to
determine favorable conditions for the formation of
aldehydes: (a) relative concentrations of nicket@)en,
alkyl monohalide, and dioxygen; (b) nature of alkyl
monohalides (bromo- and iodoalkanes); (c) effedigbit;

and (d) effect of water.

To mimic conditions for the formation of aldehydea
the classic photodecomposition of alkylcobalt(Hpecies,
ultraviolet-visible light from a 150-watt xenon arc lamp
has been employed to irradiate an electrolyzedtisalu
containing nickel(l) salen and an alkyl halide.odRrction

of an aldehyde is remarkably enhanced by lightoaith
results from other experiments demonstrate thatesom
aldehyde is formed even if all light is excluded.

Another significant key for generating an aldehjaléhat
water must be added to the nickel(ll) salen sofutio
Table 1 lists product distributions for ether egtsafrom

the reaction of nickel(l) salen and a primary alkyl
monohalide as a function of water concentratiomp t
74% of an aldehyde, based on the original amount of
alkyl monohalide, has been obtained. Furthermioom
studies with H®O, we have discovered thafo is
incorporated into the aldehyde.

As shown in Table 2, various primary alkyl monotie§
were subjected to the experimental procedure, thestr

earlier, to generate the corresponding aldehydate khat
experimental factors (especially the amount of ddde
water) were optimized for the production of 1l-oetlan
from the reaction of 2 mM 1-bromooctane with 2 mM
nickel(l) salen. Preliminary work with a secondatiyl
monohalide has revealed that, besides a dimerlkaneg
and alkenes (which are classical radical-deriveatigs in
such an experiment), a ketone is formed.

To provide more information about the formation of
aldehydes, results of studies with isotopically elad
reagents such { and 1-bromo-1,1-dideuterioalkanes, as
well as further investigations with secondary alkyl
monohalides, will be described.

Table 1. Product Distributions from the Reaction
between 1-Bromooctane and 2 mM Nickel(l) Salen in
Dimethylformamide Containing 0.10 M Tetramethyl-
ammonium Tetrafluoroborate with Ultraviotétisible
Light and Added Water

Substrate H,O Product Distribution (%)

(mM) (M) 1 2 3 4  Total
4 075 42 5 1 33 81

2 100 25 4 1 51 81

1 125 9 4 2 65 80
0.5 200 2 2 1 74 79

1 = hexadecan& = octane3 = 1-octene4 = 1-octanal

Table 2. Product Distributions from the Reactidn2o
mM Alkyl Monohalide and 2 mM Nickel(l) Salen in
Dimethylformamide Containing 0.10 M Tetramethyl-
ammonium Tetrafluoroborate with Ultraviotéfisible
Light and 1 M Water

Product Distribution (%)

2 3 4  Total
1-bromopentane 22 3 trace 58 83
1-bromoheptane 27 5 1 50 83

1-bromodecane 34 4 1 30 69

1-bromo-3- 5 1 27 82
phenylpropane
1-iodooctane 46 5 1 25 77
1-iododecane 51 9 1 16 77

1 =dimer;2 = alkane3 = 1-alkene# = aldehyde

Substrate
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