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Reduction of Cobalt Complexes by Carbon Monoxide and Synthesis of
Mono- and Bis-organometallic Derivatives

By G. Costa,” G. Mestroni, and G. Tauzher, Istituto di Chimica, Universita di Trieste, Trieste, ltaly

Cobalt(in) complexes of the type [Co'(chel) (OH)(H,0)]. where chel is a tetradentate conjugated chelating
ligand, react in water with CO yielding, in the pH range 4—13, [CoY(chel)]. Formation of [Co™(chel) (CO,H)-
(H20)1 through nucleophilic attack of OH- on the intermediate [Co™ (chel) (CO)(OH)] is assumed. The carboxy-
derivative decomposes yielding CO, and [Co!(chel)]- species which, in turn, gives [Co™(chel)] by different
reaction paths depending on pH of the solution. The same mechanism operates for the complex with the 2,3,9,10-
tetramethyl-1,4,8,11-tetra-azaundeca-1,3,8,10-tetraen-11-0l-1-clato anion(tn) up to pH 8. In more alkaline
solution (pH 13) the corresponding carbonyl derivative [Co*(chel)(CO)] can be isolated. With all chel com-

plexes investigated the reaction in alkaline solution appears to be autocatalytic. Mono- and di-organometallic
derivatives can be prepared by the same reaction in the presence of organic halides.

THE equatorial ligands bound to cobalt in the com-
plexes (I)—(IV) have a marked influence on the elec-
tronic, thermodynamic, and kinetic properties of the
axial positions, compared with conventional ligands.

In these complexes the central metal atom is part of a
conjugated system with a delocalised electronic structure,
which changes the effective charge on the metal and the
nature and energy of the orbital localised mainly along
the z axis.

As a consequence, the relative stability of the formal
oxidation states is profoundly modified ! and the bonding
properties of the axial positions give rise to stable cobalt—
carbon bonds.

The thermodynamic effects of the equatorial ligands
can be quantified by the equilibrium constants of sub-
stitution reactions at the axial positions. The extent
of this effect is such that the co-operative cis- and trans-
labilisation results in the preferred formation of five-
co-ordinate cobalt(ir).24

Finally the kinetic cis-effect can be shown even in
cobalt(i11) derivatives by the very fast exchange of the
axial ligands, in marked contrast to the well known
inertness of conventional cobalt(1i1) complexes.

Earlier papers have shown that all the above effects
are sensitive to the nature of the equatorial ligand.>%

This paper is devoted to the investigation of the
mechanism of carbonyl co-ordination in the axial posi-
tions which takes place in the insertion and reduction
reactions.

RESULTS AND DISCUSSION

Reactions with Carbon Monoxide.—All cobalt(1i1)
complexes (I)—(IV) of the type [Co™(chel)(H,0),]",
where chel is one of the tetradentate chelating agents,
were found to react with carbon monoxide at room
temperature and atmospheric pressure in alcohol or
water over a wide range of pH (4—13).t

1 In the range of pH considered the dissociation products
[ColI(chel)(OH)(H,0)]° and [Co!I(chel)(OH),]~ have to be con-
sidered as possible reacting species.

1 G. Costa, G. Mestroni, A. Puxeddu, and E. Reisenhofer,
J. Chem. Soc. (4), 1970, 2870.

? G. Costa, G. Mestroni, G. Tauzher, and L. Stefani, J. Organo-
metallic Chem., 1966, 6, 181.

3 G. Costa, G. Mestroni, and L. Stefani, J. Organometallic
Chem., 1967, 7, 943.

The corresponding cobalt(11) complexes under the same
conditions do not absorb carbon monoxide.

In methanol 1 molar equivalent of CO is taken up per
molar equivalent of complex and, as previously reported,®
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the corresponding methoxycarbonyl-derivative is formed
in quantitative yield.
CH,0H

[CoX(chel)(OH)(H,O)1° + CO
[Co(chel)(COOCH)(CHZOH)1®

In aqueous tetrahydrofuran (THF) only a half molar
equivalent of CO is absorbed per molar equivalent of
complex. This stoicheiometry holds over the pH range

¢ S. Briickner, M. Calligaris, G. Nardin, and L. Randaccio,
Inorg. Chim. Acta, 1969, 8, 308.

5 A. Bigotto, G. Costa, G. Mestroni, G. Pellizer, A. Puxeddu,
E. Reisenhofer, L. Stefani, and G. Tauzher, Ixnorg. Chim. Acta
Rev., 1970, 4, 41.

8 G. Costa, G. Mestroni, and G. Pellizer, J. Organometallic
Chem., 1968, 15, 187.
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4—13. In this case the reaction products are invariably
carbon dioxide and the corresponding Co'* complex:

2[Co™(chel)(OH)(H;0)1° + CO —3= 2[Coll(chel)] 4 CO, + 3H,0

When this reaction is performed in the presence of a
large excess of methyl iodide the complex [CHzCo(chel)-
H,0]° was isolated in quantitative yield in the range of
pH > 13, while at pH values < 8 the cobalt(11) complex
was obtained, also in quantitative yield. At inter-
mediate pH the reaction products are mixtures of the
organometallic and the cobalt(ir) compounds.

The formation of the methyl-derivative from methyl
iodide strongly suggests that the cobalt(r) complex is an
intermediate of the reaction. Only the cobalt(1) species
reacts with alkyl halides.”® Furthermore, this strongly
nucleophilic ® intermediate can react as follows: as was
previously reported & the [Co!(chel)]~ complex reacts
rapidly with H* yielding molecular hydrogen and [Co™-
(chel)]®. This reaction involved the homolytic cleavage
of the intermediate [HCo(chel)]°. This cobalt(r) com-
plex reacts rapidly with cobalt(111) species, giving again
the cobalt(1r) as the final product.

yt

—_———— [HCo(cI?eI)]° —_—
7 ° [CoM(cheN]® + iH; (a)
[Co-(chely~ T | [COTHReNTY o oCotichel)o + I - (5)
R - X
L [ColchehRIP X~ (9

In the reduction of [Co(chel)(OH)(H,0)]° with CO in
an alkaline medium (pH > 13), the formation of [Co'-
(chel)]0 can thus be explained by a reaction between the
cobalt(r) intermediate and the unchanged cobalt(i1r)
complex.

[Col(chel]~ - [ColTX(chel)(OH)(H,0)]® —3»
2[Co(chel)]® + HyO + OH-

This reaction is irreversible. In fact the [Co'(chel)]®
does not disproportionate even in 1M-NaOH solution.
In neutral or acid solution reaction (a) prevails even in
the presence of methyl iodide. The evolution of mole-
cular hydrogen which should occur by reaction (a) was
not observed.* However, if molecular hydrogen were to
be evolved, the redox balance would require that 1 molar
equivalent of carbon monoxide would react per molar
equivalent of cobalt(111) complex, whereas only 0-:5 molar
equivalent is consumed over the whole pH range.
Both results can be reconciled assuming that the inter-
mediate [HCo(chel)]? reacts with the cobalt(rir) com-
plex:

[HCo(cheN]? 4 [CoMI(chel)(OH)(H,0)]® —»
2[Co(chel)]® 4- 2H,0O

* The evolution of H, was erroneously reported in G. Costa,
G. Mestroni, G. Pellizer, G. Tauzher, and T. Licari, [norg. Nuclear
Chem. Letters, 1969, 5, 515.

7 G. Costa and G. Mestroni, J. Organometallic Chem., 1968,
11, 325.

8 G. Costa, G. Mestroni, and G. Pellizer, J. Organometallic
Chem., 1968, 11, 333.

? R. Barnett, H. P. G. Hogenkamp, and R. H. Abeles, J. Biol.
Chem., 1966, 241, 1483.

10 G, N. Schrauzer and R. J. Windgassen, J. Amer. Chem.,
Soc., 1967, 89, 143.

11 J. Kruck and M. Noak, Chem. Ber., 1964, 97, 1693.
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The formation of the [Co'(chel)]~ from [Co™I(chel)-
(OH)(H,0)]° and carbon monoxide can be seen as a
nucleophilic attack of the OH™ on an intermediate
cobalt(111) carbonyl derivative, formation of an unstable
carboxy-derivative which then decomposes giving the
reduced complex and carbon dioxide.

—H,0 +OH~
[Col T (che)(OH)(H,0)1° -+ CO ———3= [Col(chel)(OH)CO]® ——»

[ColtI(chel)(OH)(COOH)]- —"? [Co¥chel)]~

The reaction in methanol gives the corresponding
stable methoxycarbonyl derivative. The easy de-
composition of [HO*CO+Co(chel)H,O] complexes could
be related to the reaction of p-cyanoethyl-derivatives
of cobalamin ?® and of g-hydroxyalkyl and 8-cyanoethyl-
bis(dimethylglyoximato)cobalt complexes in alkaline
media 19 yielding acetaldehyde and acrylonitrile respec-
tively. These reactions require the presence of an acidic
hydrogen in the organic group bound to cobalt.

The attack of RO~ on carbonyl derivatives is a possible
mechanism in the synthesis of alkoxycarbonyl-deriva-
tives of Mn, Ir, and Pt complexes.11"13

The attack of OH~ by the same type of mechanism
was assumed in the case of the reduction of [Mn(CO),]* to
[Mn(CO),]~ ** and of Rh'I to Rh! in aqueous HC1.14.15
The same reaction was observed for the reduction 16 of
vitamin By, to vitamin Bjsr with carbon monoxide.
Analogous reactions were observed by absorption of
carbon monoxide from L-Ag-OH and Hg?* H,0.17 A
stable carboxy-derivative IrCly(CO,H)(CO)(PMe,Ph),
has also been obtained.18

By a preliminary kinetic investigation it was ascer-
tained that the overall reaction is pseudo-first order in
the Co™ complex at constant CO pressure and pH 8.
However, at pH 10—13 an autocatalytic path was ob-
served. The initial rate of reduction increases with
decreasing pH, which excludes the possibility that either
formation or decomposition of the [Co(chel)(COOH)-
(OH)]™ is the rate-determining step. Therefore form-
ation of the carbonyl-derivative must be the rate-
determining step.

The autocatalytic path could be explained by the
overall reaction:

[Co¥cheh]~ 4 [ColT(chel)(OHY(H,O)]° + CO —-
2[Co¥(chel]~ 4 CO, 4 H,OF

The detailed mechanism of this apparently ter-
molecular reaction can be envisaged as involving a
mixed valence bridge compound between the Co! and

12 T, Malatesta, M. Angoletta, and G. Caglio, ‘ Proc. 8th Int.
Conf. on Coord. Chem.,” Vienna, 1964.

132 H, C. Clark, R. K. Dixon, and W. J. Jacobs, Chem. Comm.,
1968, 548; H. C. Clark and W. J. Jacobs, Inorg. Chem., 1970, 9,
1229.

14 B, R. James and G. L. Rempel, Chem. Comm., 1967, 158.

15 J. A. Stanko, G. Petrov, and C. K. Thomas, Chem. Comm.,
1969, 1100.

16 J. N. Bayston and M. E. Winfield, J. Catalysis, 1967, 9, 217.

17 S. Nakamura and J. Halpern, J. Amer. Chem. Soc., 1961, 83,
4102; A. C. Harkness and J. Halpern, ¢bid., p. 1258.

18 A, J. Deeming and B. L. Shaw, J. Chem. Soc. (4), 1969,
443 and references cited therein.
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Co™ complexes as was proposed by James and Rempel 14
for the similar reaction of Rh' complexes with CO (see
below).

The course of the reaction can be now summarised as
follows:

OH, co
—H,0
[CoM(chel)]® + CO ———3 [Colll(chel)]® 0
ky
OH H
co COOH

[Co(cheD]?® -+ OH~ ——» [Co(chel)]~ ——-
[Col(cheD]™ + CO, - H;O ()
OH

H

OH

|
[Col(chel)]~ - HzOt ——3= [Co(chel]® + H,O 3)
H

[ColcheN]® + [CoM (che(OH)(H,0)]° —
2[Co™(che]® -+ 2H,O  (4)

[Co¥(cheD]™ - [Co™(chel)(OH)(H,0)]° —
2[Co(che)]® -+ H,O -~ OH-  (5)

ks
[Col(chel)]™ + [Co¥(che)(OH)(H,0)]® + CO —p=
2[Co¥(chel)}™ + CO, + H,Ot (6)

The pseudo-first-order reaction at pH 8 takes place
mainly through reactions (1)—(4). The Col species is
essentially consumed via reaction (3). At higher pH
reactions (5) and (6) compete with reaction (3) and the
rate of absorption of carbon monoxide is accounted for
both by reactions (1) and (6). The latter is responsible
for the autocatalytic process.

Reaction of Complex (VI) with Carbon Monoxide.—
When the parent complex [Co™(tn)Br,] ¥ is dissolved
in aqueous THF it easily aquates giving [Co™(tn)-
(H,0),]2*. This is in equilibrium with its dissociation
products hydroxoaquo- and dihydroxo-derivatives (pK,
= 4-17, pK, = 7-70).

In the pH range 6—8 this cobalt(im1) complex re-
acts with carbon monoxide giving, as final product,
[Co™(tn)(H,0),]* with the same stoicheiometry as the
above discussed complexes. On the other hand, at pH
13 two moles of carbon monoxide are absorbed and the
uncharged carbonyl derivative [Co(tn)CO] can be
isolated in high yields. In the pH range 8—13, inter-
mediate stoicheiometries were observed.

The reactivity of the key intermediate [Col(tn)H,0]
was investigated independently of the above reaction.
This complex can be easily obtained in aqueous THF
solution by reduction with a small excess of NaBH,
starting from the {Co™(tn)(H,0),%2" complex. Its
formation is indicated by the intense blue colour of the
solution. Up to pH 10 the [Col(tn)H,0] is very labile
giving [Co(tn)(H,0),]* as final product, while at pH 13
the blue colour is permanent in a nitrogen atmosphere.
In the presence of N-methylimidazole or triphenyl-
phosphine 1 the corresponding Co' complex was isolated

1% G. Costa, G. Mestroni, and E. de Savorgnani, Inorg. Chim.
Acta, 1969, 3, 322.
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as a deep blue product stable in an atmosphere of
nitrogen at room temperature. The reduction with
NaBH, performed from pH 7 to 13 in the presence of
carbon monoxide gives mixtures of [Col(tn)CO] and
[Co™(tn)(H,0),]* and the yield of the former increases
with increasing pH. If [Co(tn)(H,0),)%* is reduced
in the presence of methyl iodide and in the absence of
carbon monoxide the [CH;Co(tn)H,0]* complex is ob-
tained in good yield at any pH.

From the above results it can be concluded that
[Col(tn)H,0] clearly shows both the oxidative addition
of CHgI or H* and co-ordinative addition reaction of CO.

The co-ordinative addition of CO gradually prevails
over the oxidative addition of H* with increasing pH.
Furthermore the oxidative addition of H* to [Col(tn)CO]
is much slower than in the case of the corresponding
aquo-complex.

In the pH range from 8 to 13 the autocatalytic path of
the reaction of [Co™(tn)(H,0),]?* with CO is even more
pronounced than in the case of the complexes (I)—(IV).
Moreover an induction time was always observed.
Addition of [Co¥(tn)CO] shortens the induction time at
pH 13.

It was previously observed ® that the [Co'!(tn)-
(Hy0),]* complex disproportionates in alkaline solution
giving equimolecular mixtures of the corresponding Co!
and Co'! complexes. The same phenomenon was found
for the cobalt dimethylglyoximates.?®. When 1 mmol of
[Co™!(tn)Br,} is treated with CO at pH 8, the Co™ com-
plex is formed quantitatively by absorption of 0-5 mol
of CO. If at this stage the alkalinity is adjusted to pH
13, the absorption of CO starts again without any induc-
tion time and continues autocatalytically until complete
formation of [Co!(tn)CO] and absorption of 1-5 mmol of
CO. These results suggest that the induction period is
due to the low reactivity of the parent Co'™™ complex to-
ward CO and that even in the case of tn complexes the
autocatalysis arises from the reaction of parent Co™! with
Col species.

The role of Co! intermediate in the autocatalysis could
be tentatively explained by the following scheme.

bridging ligand
:' labile ligand
: :
Y ¥
H,O—[CoMMI]#~OH +4- H,0—[Co]®

ngo

PH:  om- H

—H,0
ACOM+ ==t H,0~{Co"-O—[CoM1}*

l+co o)
+O0OH- (2)

H,O—{Co™]® ++ HO~[CoI"J+—COOH

OH,

This scheme implies a redox process in a rapidly formed
binuclear bridged complex in which the carbon monoxide

20 G. N. Schrauzer and R. J. Windgassen, Chem. Ber., 1966,
99, 602.
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can be easily co-ordinated and converted into an equi-
molecular mixture of Col and Co™™-COOH.

This scheme accounts for the autocatalysis, the re-
activity of Co with CO in alkaline medium and for the
disproportion reaction.

From the above considerations the reaction scheme
can be now written as follows:

OH, n  CO COOH

i +éo | OH-
[CotM]+ 3 [COMI} g [COMTT]0 g [COT] - CO, (1)
—H,0

l
OH

OH OH OH,
OH, T
[Col]® - [COMMT]+ g H,O—[CoM~O~{Co™T}* + H;0 @)
OH, OH
H OH,
+H,0t
Hzo_[COIl]_O_[COII]+ ‘__________-E Z[COII]Jr (3/)
_ +
3
OH;,
H

e
HzO*[COU]‘g—[COHP’ + CO + OH™ —= 2[Co™]* + CO,  (#)

OH,

+CO
[(|30‘]° — [CoT}? 4 H,0O (5)
OH, co

H

Ht
[Col]® - [CIO] i (6"
OH, OH,
T olH2 OH,
((|30]+ -+ [CIOI"]+ —— 2[ColT}+ )
OH, OH OH,

[ ]indicates the tn monoanion ligand

At pH 13 the reduction to [Co'(tn)CO]® takes place
through reactions (1')—(5’). At lower pH values the
reactions (3') and (6’) compete with the reactions (4’) and
(6') respectively. At pH 8 reaction (5') is negligible and
only Co™ is formed as final product.

The formal oxidation states of the examined cobalt
complexes which react with CO appear to be the Co™ and
Co™T (only as a binuclear complex) except for the di-
methylglyoximates which were proposed to react only as
Co'! complexes.?

The results published for the dimethylglyoximates 2
including the induction time and autocatalysis would be
in agreement with the scheme proposed here for tn com-
plexes. The diaquobis(dimethylglyoximato)cobalt(1rr)
complex is slowly reduced by CO. On the other hand,
the aquocobalamine seems to behave more like the
derivative of the salen type. In fact Bayston and
Winfield ¥ pointed out that the reduction is pseudo-
first order with respect to vitamin B,,, (Co™!). Induc-
tion time and autocatalysis were not observed (neutral
and acid solution) as in the case of [Co™I(salen)(H,0),]*.

21 Lian-Pin Lee and G. N. Schrauzer, J. Amer. Chem. Soc.,
1968, 90, 5274.

453

Bis-organometallic Derivatives of Complex (VI).—-It
was previously reported 22 that derivatives of the type
[Co(tn)R,] (R = CH; or PhCH,) can be obtained at pH
13 by reaction of the corresponding diaquo-complexes
with CO in the presence of organic halides (see Experi-
mental section). We have found that the cobalt(1)
carbonyl complex undergoes an oxidation addition
reaction with alkyl halides, in benzene or neutral
aqueous THF solution, to give the corresponding
mono-organometallic complex. The bis-organometallic
complexes are obtained in alkaline aqueous THF solution
by the action of alkyl halide on the cobalt(r) carbonyl
complex or the mono-organometallic derivative. By
the latter reaction a different organic radical can be
introduced in the #rans-position (see Table 1).

The existence of the species R-[Co]~ which undergoes
oxidative addition is indicated by the formation of
asymmetrical bis-organometallic derivatives.

Side reactions were observed by the reduction of mono-
organometallic derivatives in the absence of organic
halides with CO in alkaline solution: (&) If carbon
monoxide absorption is stopped before the reaction is
complete, the symmetrical bis-organometallic derivative
is obtained. () In the presence of an excess of CO the
main product is the cobalt(1) carbonyl complex.

The bisorganometallic complexes can also be obtained
by these different routes (see Experimental section): (a)
Grignard reaction on [Co™(tn)Br,]%. () Reduction of
the cobalt(i11) complex or of the mono-organometallic
derivatives with excess NaBH, in the presence of RX.
{¢) Reduction of mono-organometallic derivatives with
Na—-Hg in THF followed by addition of RX.

Intermediates of the type [R—Co]~ obtained by a two-
electron reduction of [R-Co—H,0O}* could be involved in
the synthesis of CH;CO,H from the methylcobalamin
and CO,.2 We are currently investigating all these
aspects of the problem on the model complexes.

EXPERIMENTAL

Reduction of Cobalt(111) Compleves of the Dianions with
Carbon Monoxide.—[Co(salen)(OH)H,0] (0-36 g, 1 mmol)
was dissolved in deaerated aqueous THF (50%) and CO
was bubbled through the solution for 2 min in the dark, at
room temperature and atmospheric pressure.

The colour of the solution changed from brown to
brownish-red, after 15 min a microcrystalline red-brown
precipitate was formed and identified (analysis, i.r. spectrum)
as [Co(salen)].

Carbon dioxide in the exit gas was identified by reaction
with Ba(OH),. Formation of hydrogen was excluded by
g.c. analysis. The same reaction was performed starting
from 1 mmol of [Co(salen)(OH)H,O] in a buffered mixture
of THF (25 ml) and water (25 ml) at pH 4,6,7,8,10, and 13.
In each instance the product was isolated and identified as
[Col(salen)]. Complex (II) (0-372 g, 1 mmol) was dis-
solved in aqueous THF (50 ml), treated with NaOH (0-2 g),

22 G. Costa, G. Mestroni, T. Licari, and E., Mestroni, Inorg.
Nuclear Chem. Letters, 1969, 5, 561.

23 H, P. C. Hogenkamp, Aun. Rev. Biochem., 1969, 37, 225,
and references cited therein.
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and saturated with CO at room temperature and atmos-
pheric pressure. An orange solid was precipitated and
collected after concentration of the solution by evaporation
invacuo. The product was identified as NN’-ethylenebis(a-
methylsalicylideneiminato)cobalt(r).

[(HO)Co(saloph)H,O] (0-49 g, 1 mmol) was treated by the
same procedure with CO; the brown precipitate obtained
was identified as [Co(saloph)H,O].

[BrCo(bae)(Ph,P)] (1-25 g, 2 mmol) was dissolved in a
mixture of THF (75 ml) and H,O (25 ml), NaOH (0-1 g)
added and then saturated with CO. After 20 min the
yellow solution was concentrated by evaporation in vacuo
and the yellow solid was recrystallised from benzene and
identified as [Coll(bae)].

Reduction of the Cobalt(it1) Complexes with CO in the
Presence of Methyl Iodide—[(HO)Co(salen)H,01° (0-36 g,
1 mmol) was dissolved in a mixture of THF (50 ml) and
water (30 ml) and treated with solid NaOH (1 g) and

C (%)

Complexes Found Calc.
[Col(tn)CO]° 43-55 44-2
[Co¥(tn)(C,HN,)}° 46-7 47-35
[CoI(tn)Me,]° 47-95 47-55
[CoM(tn)(C,H,),]° 62-2 62-5
[Co(tn)(Ph,]® 61-05 61-05
[Co(tn)(Me)Phj® 55-10 55-4
[CoX{tn)(C,H,)Ph]° 61-7 61-8

methyl iodide (2 ml). The solution was saturated with CO.
After 24 h an orange precipitate was obtained, and identified
as [CH Co(salen)H,O] (analysis, i.r. spectrum).

The same amount of [HOCo(salen)H,0] was reacted in
buffered solution THF-H,O (509%,). At pH 7 only the
[Coll(salen)] and at pH 13 only [CH;Co(salen)H,0] were
isolated.

Complex (II) (0-372 g, 1 mmol) was dissolved in aqueous
THF (50%), treated with NaOH (0-3 g) and with CH,I
(2 ml) and saturated with CO. The product was isolated
as above, crystallised from CH,Cl,~CH;OH and identified
as [CH,Co(NN’-ethylenebis(«-methylsalicylideneiminato)-
-CH,OH].

The complex [Col(salen)]"Na* # (1 mmol) treated in an-
hydrous THF with 1 mmol of [ICoM!(salen)]® gave 2 mmol
of [Col(salen)]®.

Reduction of Cobali(111) Complexes of the 2,3,9,10-Tetra-
methyl-1,4,8,11-tetra-azaundeca-1,3,8,10-tetraen-11-ol-1-olato-
anion with Carbon Monoxide.—[Co(tn)Br,] (0-229 g, 0-5
mmol) was dissolved in a mixture of THF (50 ml) and H,O
(35 ml) and treated with 0-3g NaOH. Aftersaturation with
CO the solution became deep blue. By evaporation iz
vacwo a microcrystalline precipitate was obtained. It was
filtered in a nitrogen atmosphere, washed with deaerated
water, and dried in vacuo. Analysis and i.r. spectra (vgo =
1950 cm™) agree with the formula [Col(tn)COJ®. The dia-
magnetic product is soluble in benzene, diethyl ether, THF,
only slightly soluble in ethanol and insoluble in water. The
solution of the complex is quite sensitive to oxygen. The
product dissolved in buffered solution of THF (50 ml) and
H,O (50%,) at pH 7 was found to be stable for several days.

Reduction by NaBH, in the Presence of CO.—The same
product was obtained from [Co(tn)Br,] (0-5 g, 1 mmol)
dissolved in THF (50 ml)-H,O (35 ml) and treated with
0-3 g NaOH. When the solution had been saturated with
CO an excess of NaBH, was added.

J.C.S. Dalton

‘When the same reaction was performed in a buffered
solution at pH 7 and 8 the [Co(tn)(H,0),]* was obtained as
the main product. It was precipitated and identified as
the tetraphenylborate.1?

The formation of the cobalt(l) carbonyl derivative, as a
by-product, was shown by extraction into benzene, in which
the complex shows the characteristic intense blue colour.
At pH 10 the cobalt(1r) carbonyl derivative was obtained as
the main product.

Reduction by NaBH, in the Absence of CO.—[Co(tn)Br,]°
(0-5 g, 1 mmol) was dissolved in THF (25 ml)-H,O (25 ml)
buffered solution at pH values of 13, 10, and 7 and then
reduced with an excess of NaBH,. At pH 13 the blue
colour characteristic of cobalt(1) derivative was noticed
lasting for ca. 0-5 h. At pH 10 and 7 the cobalt(r) colour
was fleeting and the final product was [Co'l(tn) (H,0),]*.

The same reaction carried out at pH 13 in the presence of
N-methylimidazole gave, after evaporation of the solvent,

H (%) N (%)

Found Calc, Found Calc.
5-85 5-85 17-0 17-2
675 6-65 21-9 22-1
7-80 77 17-15 171
6-90 69 11-65 11-65
6-45 6-45 123 124
715 6-95 144 1435
6-75 67 1215 120

a deep Dblue microcrystalline precipitate identified as
[Co'(tn)(C,HN,)].

Organometallic Devivatives formed by Reduction of [Colll-
(tn)Br,] with CO in the Presence of Ovganic Halides, [(CH,) o
Co(tn)].—[Co(tn)Br,]° (0-229 g, 0-5 mmol) was dissolved in
THF (50 ml)-H,O (35 ml) and NaOH (0-3 g, 7-5 mmol) and
CH,I (2 ml) were added to the solution. After saturation
with CO the colour slowly turned to orange-yellow. Upon
concentration under reduced pressure, a microcrystalline
solid was precipitated; this was recrystallised from water—
acetone. The product was soluble in ether and benzene,
but insoluble in water.

[(C,H,),Co(tn)]}>.—The orange crystalline benzyl-deriva-
tive was prepared by the same procedure.

Bis-organometallic Derivatives formed by Reduction of
[RCo(tn)]* with CO in the Presence of Organic Halides.—
[(C;H,)Co(tn)H,0]*C10,~ 1® (0-5 g, 1 mmol) was dissolved
in aqueous THF (50%) (100 ml), treated with NaOH (0-1 g),
C,H,Cl (0-5 ml), and saturated with CO. By evaporation
of the solvent, the [(C,H,),Co(tn)]® complex was precipi-
tated. It was recrystallised from water-acetone.

[(CHg),Co(tn)] was obtained by the same procedure from
[CH;Co(tn)H,01*Cl1O,~ ? and CH,L.

[(C¢H;)Co(tn)H,01"C10,~ 1* (0-25 g, 0-5 mmol) was dis-
solved in THF (50 ml)-water (35 ml) and treated with NaOH
(0-3 g, 7-5 mmol) and with CH,I (2 ml). The solution was
saturated with CO. After 4 h the solvent was evaporated
and the microcrystalline product [(C¢H;)(CH,)Co(tn)]® was
recrystallised from aqueous acetone.

When the reaction was carried out in the absence of
CH,I the solution became intensely blue after 2h. Succes-
sive addition of CH,I (2 ml) gave, instead of the methyl-
phenyl-derivative, the orange microcrystalline dimethyl-
derivative identified by analysis and i.r. spectrum.

[(CeH)(C,H,)Co(tn)]® was prepared from the phenyl
derivative in the same way. When the reduction was
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performed in the absence of C;H,Cl and the latter succes-
sively added to the blue Col solution the dibenzyl-derivative
was obtained.

The same product resulted also starting from the {CH;Co-
(tn)]*ClO,~ under the same experimental conditions as
described above, when the C,H,Cl was added after 12 h.

Organometallic Derivatives from [Col(tn)CO].—The com-
plex [Col(tn)CO] (1 mmol) dissolved in deaerated benzene
(50 ml) was treated with CH,4I (1 ml). After 1 h an orange-
yellow solution was obtained. By addition of aqueous
NaClO, and evaporation of the solvent the [CHjCo(tn)-
H,0]*ClO, was isolated. The carbon monoxide evolved
was identified by g.l.c.

The same reaction occurs also in neutral aqueous THF
solution. The [(CH;),Co(tn)] was formed instead at pH 13.

Reduction of [RCo(tn)H,0]" with CO.—[CH;Co(tn)-
H,0]*ClO,~ (0-430 g, 1 mmol) was dissolved in THF (100
ml)-H,0 (70 ml), treated with NaOH (0-6 g), and saturated
with CO. After 12 h the solvent was evaporated and the
microcrystalline, deep blue, carbonyl-derivative [Col(tn)-
CO1°® was filtered off, washed with water under a nitrogen
atmosphere, and identified as previously described.

[CeHCo(tn)H,0]*ClO,~ (1 g, 2 mmol) was treated with
CO by exactly the same procedure. The Col carbonyl
derivative was filtered off from the concentrated solution
under nitrogen. From the filtered solution left in contact
with air a small amount of a yellow microcrystalline solid
was obtained. It was recrystallised from aqueous acetone
and identified as the [(C¢H;),Co(tn)]°.

[CH,Co(tn)H,0]*ClO,~ (0-860 g, 2 mmol) was treated
as above but as soon as the solution turned green the carbon
monoxide was removed by a stream of nitrogen. The
solution was set aside overnight. The solution turned
orange and after concentration gave an orange-yellow
precipitate identified as [(CH,),Co(tn)]°.

[(CeH;)Co(tn)H,0]*ClO,~ gave by the same procedure the
[(C¢Hj)Co(tn)]° complex.

Bis-organometallic Derivatives via Reduction with NaBH,
or Na-Hg and Reaction with Organic Halides oy via Grignard
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Reaction.—The following procedures are reported as ex-
amples of general methods. [Coll(tn)L,]° (2 g, 4 mmol)
was suspended in aqueous EtOH (509, 100 ml) and treated
with C,H,Cl (1 ml) and an excess of NaBH, under nitrogen.
The bis-benzyl derivative [(C,H,),Co(tn)]® was immediately
formed as an orange-red precipitate.

Starting from [Co™(tn)I,]° and CH,I the bis-methyl-
derivative [(CHj;),Co(tn)]® was obtained while by the same
procedure from [(C¢H;)Co(tn)H,0]*ClO,~ the [(C,H;)(CH,)-
Co(tn)] was formed.

[(CeH;)Co(tn)I]® was suspended in anhydrous THF (100
ml) and reduced with Na-Hg. The blue solution was with-
drawn under nitrogen and CH,I was added at —80 °C.
An orange solution was formed. By addition of water and
concentration of the solution an orange solid was precipi-
tated and identified as [(C¢H;)(CHj)Co(tn)]o.

[Co(tn)Br,° (0-92 g, 2 mmol) was suspended in anhydrous
THF (100 ml), 8 mmol of RMgX (R = CH,, CiH;, or
C,H,CH,) were added under nitrogen at —80 °C yielding
an orange solution.

The solution was poured into water, neutralised, and
concentrated by evaporation of THF. The corresponding
bis-organometallic derivative was obtained in each case and
recrystallised from aqueous acetone.

Carbon Monoxide Absorption Measurements.—The re-
actions were carried out in a reactor thermostatted at 25 °C.
The carbon monoxide absorption or its rate of absorption
were determined by a gasometric burette connected to the
reactor. 50 ml in the range from 1073 to 1072Mm solutions of
the complexes were used, the solvent being formed by mixing
equal amounts of THF and the suitable buffers.

Buffers—The following buffers were used: pH 4, 5,
phthalate-NaOH mixture; pH 6, 7, 8, KH,PO,~NaOH
mixture; pH 10, boric acid-NaOH mixture; pH 13,
solution 0-1M-NaOH.
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