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Cobalt Complexes

Transformation of Nitrile to Cyanide and Aldehyde Using a Cobalt(II)
Complex and Dioxygen
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Activation of carbon—carbon bonds under mild conditions is
of great interest in organometallic chemistry, and some
transition-metal complexes have proven to be active in C—C
bond cleavage.' However, C(a)-CN bond cleavage in
nitriles using transition-metal complexes has not been studied
in detail (a few examples are given in the references), and
usually the corresponding cyanide complexes and alkanes or
alkenes were observed as products.!! Furthermore, such a
reaction was observed using a cobalt dinitrogen complex.!'!!

In this regard, the recent report by Lu etal. of the
transformation of a nitrile into the corresponding alcohol and
cyanide using a relative simple dinuclear copper(Il) cryptate
complex was quite interesting.”) However, this result has been
questioned by Nelson and co-workers, who could not
reproduce the findings during their detailed investigations.”
According to our own studies on related copper systems,™ we
believe that the reported formation of cyanide might occur,
provided that the exact reaction conditions are met (although
we disagree with the postulated reaction mechanism). Most
recently, additional support for these findings was provided by
Karlin and co-workers, who demonstrated that during oxida-
tion with O,, a dinuclear copper(I) complex with a phenol
derivative of our previously reported ligand 1,3-bis[bis(2-
pyridylmethyl)amino]benzene (1,3-tpbd)®! caused hydroxyl-
ation of the nitrile substrate to cyanide and aldehyde.!
Furthermore, heterolytic cleavage of the C—C bond of
acetonitrile with simple monomeric copper(Il) complexes
has been described by Mascharak and co-workers.”! We think
that this C(a)—CN is a more general reaction that can occur
with different transition-metal complexes, and we report
herein such a reaction using a well-known cobalt complex.

The cobalt(II) complex of the dianion of bis[3-(salicyl-
ideneimino)propyl]methylamine (salmdptH,), [Co(salmdpt)]
(1), has been reported and is commercially available.”
Reaction of 1 with dioxygen in benzene forms an end-on
superoxo complex [Co(salmdpt)O,] (2), which has been
structurally characterized previously (1:1 cocrystallization
with unreacted 1).” Wanting to better understand the
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formation and reactivity of 1:1 dioxygen—-metal adduct com-
plexes,'” we successfully repeated this oxidation reaction.
Cini and Orioli claimed that the reaction can only occur in
benzene,’! but recent work with a silyl derivative of
salmdptH, showed that such products can be obtained in
nitrile solvents as well.''l Therefore, we hoped that we might
obtain a better yield of 2 using acetonitrile as solvent for the
reaction with dioxygen. Reaction of 1 with air or dioxygen
under reflux in acetonitrile for 10 min resulted in the
unexpected formation of the cyanide Co™ complex [Co-
(salmdpt)CN] (3) in approximately 50 % yield. The molecular
structure of 3 is shown in Figure 1. Crystallographic data of 3
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Figure 1. Molecular structure of [Co(salmdpt)CN] (3; thermal ellip-
soids are set at 50% probability; hydrogen atoms and acetonitrile
solvent molecules present in the crystal lattice are not shown).
Selected bond lengths [A] and angles [°]: C12-N3 1.150(4), C12-Col
1.890(3); N3-C12-Col 180.0.

are similar to other known Co—CN complexes described in
the literature (only a few examples are given in the
references)./"?

For this reaction, we propose the mechanism shown in
Scheme 1, which is supported by several different findings. As
discussed above, the existence of the end-on superoxo cobalt
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Scheme 1. Postulated reaction mechanism (L= salmdpt).
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complex has been confirmed by X-ray crystallography.”
Furthermore, a detailed kinetic study of the formation of 2
in acetone has been reported by Busch and co-workers.!*l So
far, we do not have proof of the occurrence of a hydroperoxo
complex [Co™(salmdpt)OOH] (4) as an intermediate, but
such compounds are known, and the first full characterization
of such a species with a macrocyclic ligand has been reported
by Guzei and Bakac.!'¥

Furthermore, Karlin and co-workers observed a dinuclear
copper hydroperoxo complex (characterized by UV/Vis and
resonance Raman spectroscopy).l® The presence of dioxygen
and water is necessary, because under inert conditions 1 could
be recrystallized from acetonitrile solutions. However, when a
solution of 1 in toluene was heated in the presence of water
and air, the cobalt hydroxo complex [Co™(salmdpt)OH] (5;
shown in Scheme 1) was formed, again in line with the
proposed mechanism (unfortunately, we were not yet able to
isolate 5 from the reaction in acetonitrile). The molecular
structure of 5 is shown in Figure 2. A similar reaction pathway
has been proposed for the oxidation of a related cobalt Schiff
base complex in methanol.['”)

Figure 2. Molecular structure of [Co(salmdpt)OH] (5; thermal ellip-
soids are set at 50% probability; hydrogen atoms except H of OH and
water and methanol molecules present in the crystal lattice are not
shown). Selected bond lengths [A] and angles [°]: O1-Co1 1.901(2),
02-Co1 1.903(2), O3-Co1 1.897(2), N1-Co1 1.933(2), N2-Co1
1.965(2), N3-Col 2.065(2); 03-Co1-O1 175.01(8).

To date we have support neither for the interaction
between 4 and the nitrile molecule nor for the O—O cleavage
and can only suggest the mechanism in Scheme 1 as a possible
pathway. In general, the reaction could be performed in
acetonitrile, propionitrile, and butyronitrile. While it was not
possible to unambiguously detect formaldehyde or acetalde-
hyde under our reaction conditions, we could clearly detect 3,
and we observed the formation of propionaldehyde in
'"HNMR spectra and by GC-MS analysis if butyronitrile
was used as a solvent. Karlin and co-workers detected
benzaldehyde by GC-MS analysis in their experiments
using a mixture of benzylcyanide and CH,Cl,.1%

In the future, complexes of the type discussed herein
might be useful in organic synthesis if these reactions can be
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further optimized. Specifically, such a reaction could be
performed in a solvent such as toluene (using an excess of the
cobalt complex) with a nitrile compound as a substrate to
obtain the corresponding aldehyde shortened by one carbon
atom.

Experimental Section
H,Salmdpt and 1 were prepared according to the literature.!®!

3: Complex 1 (1.0g, 2.437 mmol) was heated at reflux in
acetonitrile (approximately 25 mL) while O, was passed through
the solution for 10 min. Subsequently, the solution was filtered while
hot. The resulting brown solution was allowed to cool very slowly
from 80°C to room temperature in a Dewar flask filled with hot
water. After two days, dark brown crystals suitable for structural
characterization formed.

5: Similar to the preparation of 3, complex 1 (1.0 g, 2.437 mmol)
was heated at reflux in toluene (25 mol) for one hour after bubbling
dioxygen through the hot solution for 10 min. A brown solution was
obtained after the reaction mixture was filtered while hot. The filtrate
was allowed to cool very slowly from 80°C to room temperature in a
Dewar flask filled with hot water. After two days, dark brown crystals
suitable for structural characterization formed.

CCDC-642243 (3) and 642244 (5) contain the supplementary
crystallographic data for this paper. These data can be obtained free
of charge from The Cambridge Crystallographic Data Centre via
www.ccde.cam.ac.uk/data_request/cif.
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