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ORGANOMETALLIC DERIVATIVES OF COBALT(II1) CHELATES OF 
BIS(SALICYLALDEHYDE) ETHYLENEDIIMINE 

G. COSTA, G. MESTRONI AND L. STEFANI 

Institute of Chemistry, University of Trieste, Trieste (Italy) 

(Received June 26th, 1966) 

In a previous paper’ we described some novel stable derivatives of Co(lII) 
chelates of bis(acetylacetone) ethylenediimine (BAEH*)* containing an alkyl- or aryl- 
cobalt o-bond. The relevance of this type of compounds, as well as that of cobal- 
oximes’, to the investigations of alkylcobalamins model molecules2-4 prompted us 
to attempt the preparation of organometallic derivatives of other cobalt chelates in 
order to provide further information on the influence of chelation on the physico- 
chemical properties and reactivity of these complexes, with particular attention to 
the cobalt-carbon bond. 

We wish to report in the present work some novel organometallic cobalt 
chelates of bis(salicylaldehyde) ethylenediimine (salen Hz). 

The oxygen-carrying. complex of the tetradentate Schiffs base Co”(~alen)~ 
has been extensively studied 6*7 Only recently the hexacoordinated complexes of the _ 
type [Co(salen)L,]+X- (L = NH,, CH3NH2, C2H,NH2, C3H7NH2, C4H9NH2, 
C5H5N, H,O; X- = Cl-, ClO,) and [Co(salen)L,]-K+ (L = NO;, CN-) (see 
structure A) were describede. 

(Al 

A square planar structure was assigned9 to the [Co”(salen)], the mono- 
nitrosyl is supposed to be a pentacoordinated species with square pyramidal struc- 
ture” and the hexacoordinated complexes are probably distorted octahedral. The 
latter were choosen as starting substances for the preparation of organometallic 
derivatives. 

For the present investigation the complexes [Co(salen)LJ+Br- [L = NH3 
(I), pyridine (II), benzylamine, (III)] and [Co (salen)(PPhaf Br] (IV) were prepared. 

* The-symbol (BAEH,) is md& co.rrec$ fof bis(acetylacetoqe) etbylenediimine instead of Ba.used in 
the previoe paper’. 
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Treatment of (I)-(IV) with the appropriate Grignard reagent in THF gave the com- 
plexes [RCo(salen).HzO] [R= CH, (V), CsH, (VI), C4H9 (VII), C,H, (VIII)] as 
stable orange-yellow crystalline compounds. As the only exception the reaction of 
ethylmagnesium bromide with (I)--(IV) yields [C,H,Co(salen)], (IX), directly as a 
deep red crystalline solid. The IR spectrum confirms the absence of a coordinated 
water molecule in this compound. All the above organometallic derivati<es, as well 
as the parent complexes, are diamagnetic. Analyses and m.p.3 are reported in Table 1. 

The complexes (V)-(IX) are stabie in the solid state, insoluble in water, but 
soluble in aqueous acids, methanol, ethanol, N,N-dimethylformamide, dimethyl 
sulphoxide, pyridine giving yellow to red solutions. The solubility decreases with 
changes of R in the folIowing order: CH3 > C?H, >C,H, >C,H, >C6H,. In ace- 
tone, chloroform, methylene chloride and benzene all the complexes are soluble or 
slightly soluble, and give green solutions_ _ 

From the green solution of(V) in CHICl+ a complex consistent with formula 
[CH,CO (salen)], (X), can be crystallized as deep red crystals. From the green CH&12 
solutions of (IX) and (VIII), the deaquated form (IX), or the aquocomplexes, (VIII), 
are reobtained by crystalhzation. 

By treatment of (V)-(VIII) with the appropriate base the complexes RCo- 
(salen) L(L = NH3, pyridine, benzimidazole) are obtained (see Table 1). 

UV and visible absorption frequencies and intensities are reported in Table 2. 
From [RCo(salen)L] the Iigand L(H,O, NHs, pyridine) is displaced by 

heating. Increasing rates were observed as R was changed in the order CsH5 -Z CHs < 
C4H9 - C3H, < C2H5. 

By thermal decomposition at higher temperature even the alkyl radical 
directly bound to the cobalt atom is cleaved and quantitative yield of [Co”(salen)] 
was eventually observed. 

When the phenyl derivatives (VIII), (XII), and (XVIII) are heated just under 
the m-p. they give only the green solid [C6H,Co(salen)]. 

Solutions of [RCo (salen) L] in ethanol/water, pyridine/water or methylene 
chloride were found to be photolabile. 

In aqueous concentrated acids the complexes are slowly hydrolyzed in the 
dark to give Co++ and the hydrolysis products of the bis(salicylaldehyde) ethylene- 
diimine ligand. The reaction is remarkably accelerated by the light. 

In the presence of CN- (in ethanol/water), [CH,Co(salen)*H,O] undergoes 
both cleavage of the cobalt-carbon bond and substitution of Hz0 ligand yielding 
[Co(salen)(CN),] K, (XX), w c was identified through W and IR spectra. hi h 

DISCUSSION 

From above results the similarity between the c~z~rse CJJ tlze reaction of hexa- 
coordinated chelate complexes of CoX” with (BAE)’ and (salen) with Grignard 
reagents in THF can be pointed out. 

The products arc assumed to be a-bonded organometallic derivatives con- 
taining the chelate rings in the x-y plane, the alkyl (or aryl) group and a sixth ligand 
(when present) on the z axis in ihe trans position. Planarity of the chelate rings in 
square planar complexes of Co ‘, Gun and Zn” with (salen) was indeed determined 
from X-ray data l”-13. If the ligands are considered as anions the above complexes 
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DERIVATIVES OF Co”’ CHELATES OF (SALEN) 497 

can be regarded as diamagnetic complexes of tervalent cobalt with a carbanion as 
ligand in analogy with the alkylcobalaminesl”. 

Complexes of Co”’ with dimethylglyoxime [XCo(DH),L] (X = Cl, Br ; 
L = py, PPh3, NMe, etc.) react similarly with Grignard reagents yielding generally 
[RCo(DH),L](R= CH3, C,H5, CsH5, CBH,CH2) as was reported by Schrauzer’ 
but we observed that the ligand L is retained or displaced by H,O on hydrolysis of 
the Grignard reaction solution, depending on the nature of R and of L”. 

From cobalt cheIates of (BAE)’ the aquo derivatives [RCo(BAE)-H,‘O] are 
obtained but in one case at least [C,H,CO(BAE~H~O] the Hz0 ligand is lost by 
standing in the dessicritor (P205), yielding an apparently pentacoordinated species 
(monomeric in benzene): C2H5Co(BAE). 

From chelates of (salen) either aquo complexes [RCo (salen) - H,O] (R = CH3, 
C,H,, C,H,, C6H5) and fRCo(salen)] (R = C,H,) are directly obtained from hydrol- 
yzed Grignard reaction solution. Even from [CH,Co(salen) -H&] the species 
[CH,Co(salen)] can be easily obtained. There is, thus, increasing stabilization of 
the assumed pentacoordinated species on going from dimethylglyoximato to bis- 
(acetylacetone) ethylenediiminato and bis(salicylaldehyde) ethylenediiminato com- 
plexes of cobalt. _ 

It appears that the above complexes are suited for the study of the trans-effect 
and for comparison with the results recently published16-17 on the vitamin B,,. 

Researches in this direction are in progress in this laboratory. 
PhotoZubiZit_~ was also qualitatively observed. It represents a furiher con- 

nection between the physico-chemical behaviour of [RCo (BAE)L] and [RCo (salen)- 
L] and that of the corrinoids. It appears that the homolytical cleavage of cobalt- 
carbon bond is catalyzed by light, as was recently pointed out in alkylcobalami- 
nes18-19 

The similarity of the dectronic structure around the cobalt atom, implying 
the same conjugate rings in the organometallic complexes of both (BAE) and (salen) 
is reflected in the electronic spectra, some of which are compared in the Table 2. 
The absorption at 28,OQO-29,000 cm- ‘, 24,5OO-26,000 cm- ‘, 2l,W!Y)-22,OW cm- ’ 
and - 20,000 cm- 1 (pyridinato derivatives) or at 15,000 cm- ’ (aquo complexes and 
pentacoordinated species in CH,Cl, solution) are likely to be due to the same transi- 
tions between Ievels formed both from metal and Iigand orbitals, in both types of 
chelates. 

The electronic structure of the assumed pentacoordinated species and that 
of species present in solutions ofthe aquocompIexes in methylene chloride or benzene 
can be empirically related to the absorption at N 15,000 cm- ’ which is displaced to 
19,OOO-20,000 cm-’ in the hexacoordinated species (e.g. [RCo(salen)C,H,N], see 
Table 2). 

Crystal field theory predicts that the two bands arising from lT,, + lA,, (I) 
and ’ T&, t ‘AI, transitions in the octahedral complexes of Co”’ having Oh point 
symmetry are splitted in the-D,, symmetry into two components (lE, - IA,, 
lAzgt lA,, from band I (Ia and Ib) and ‘Btg+ lAlg, ‘l&c lA,, from band 11”. 

From extensive investigation? l on spectra of hexacoordinated Cobalt(II1) 
complexes of the type CoA,B and trans- or cis-CoA4B, it is known that two or three 
bands are frequently observed in the region from about 30,000 cm-’ to the lower 
energy side of the spectrum. 

J. OrgonometaI. Gem, 7 (1967) 493-501 



498 G. COSTA, G. IdESTRONI, L. SEFA~NI 

In the &-isomers only a broadening of the I band is noticed. Actual splitting 
of the low energy band can be observed in the trans-isomers if the axial ligand is well 
separated from the equatorial ligands in the spectrochemical series21Q_ When three 
bands are present the first two absorption maxima occurring from about 15,000 to 
20,000 cm-’ and from 20,000 to 21,000 cm-l are assigned to Ia and Ib transitions 
respectively. The third absorption maximum which occurs from 24,000 to 30,000 cm- 1 
is assigned to the unresolved band II. 

From the solution spectra and circular dichroism in trans-dichlorobis(propyl- 
enediamine)cobalt(IIi) cation 21n*z2 four absorptions in the same region were assign- 
ed to the transitions arising from the splitting of I and II bands22. 

In the present complexes the symmetry cannot be high& than Czr and both 
‘E4 levels are predicted to split into two (B, and B,). 

Assuming a small splitting of the IE, levels four transitions could be still 
expected and three of them are no& symmetry @lowed. 

The occurrence of four strong absorptions between 30,000 and 15,000 cm - ’ 
in the present complexes could be explained either by further decrease in symmetry 
(actual symmetry being C,) and by vibronic coupling_ 

On the other hand mixing of metal and ligand orbitals should be important 
in the systems under study. We prefer to delay a more detailed discussion of the 
spectra until we have results of approximate molecular orbital calculations which 
are being attempted in this laboratory. 

Srabilizatioon of the cobalt-carbolt bond results from the proper stereochemical 
arrangement of the tetradentate ligand (approximately in the X--J plane) and parti- 
cipation of electrons of the cobalt atom in the x orbitals of the conjugate system 
of chelate rings (metal-ligand donor z bonds). 

The 7~ electrons of the conjugate systems of ligands interacts more strongly 
with the p=, dxz and d, electrons of the metal giving rc molecular orbit& while the 
d+ dq and d,,_, electrons are mainly involved in the metal to ligands CT bonds in 
the -Y-Y plane3. 

As a consequence of the above interactions, the energy and overlapping of 
the appropriate orbitals of the metal on the z axis are properly adjusted to give 
stable a-bonding molecular orbitals, with alkyl or aryl groups. 

The existence of stable, apparently pentacoordinated species [RCOBAE] and 
[RCo(salen)] suggests that the influence of the sixth ligand on the.z axis is not 
essential in the stabilization of the cobalt-carbon bond. 

EXPERIMENTAL 

Prepararion of the chelates 
~Co(sakn)(NH,),~ Br- H&t- (I). (Sale&I,) (5.4 g, 20 mmole) was dissolved in a 

hot methanolic solution (100 cc) of 6.5 g of CoBrt-6 Hz0 (20 mmole), and cont. 
aqueous ainmonia (5 cc) was added dropwise and the solution heated for 2 h under 
stirring. After cooling, the solid product was filtered, crystallized from water/ethanol 
and air-dried at 100°. 

rCo(salen)(C,N,N),IBr-H20 (II). This compound was prepared from 5.4 g 
of (salenH,), 10 cc of pyridine and 6.5 g of CoBr, - 6 Hz0 dissolved in methanol (1OOcc). 
After 2 h heating in the presence of air, the solution was concentrated to about 20 cc 

J. Or@uwm?tal. Chem., 7 (1967) 493-501 
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and then treated with 100-150 cc of water. The brown solid formed, dissolved in 
ethano1, was crystallized as dark brown needles after addition of ether. 

Cco(saren)(H~NCH,C6HS)33 Br (111). Prepared as above and crystallized from 
water/methanol as red-brown plates. 

[Co(sa/en)(pPh,)Br] (IV). PPh, (5.1 g) dissolved in ether (100 cc), 5.4 g of 
(salenH,) and 1.12 g of solid KOH were added to 6.5 g of CoBr,*6 Hz0 in methanol 
(100 cc). After 3 h heating in air, the solution was concentrated. The dark-geen solid 
obtained was filtered, washed with water, acetone and ether and recrystalhzed from 
anhydrous ethanol. 

[CH,Co(salen)~H,O~ (V), [CJH7Co(sc21e22)- Hz01 (VI), [C4H9Cu(salen)- Hz01 
(VII) and [C,H,Co(salen)~H,O] (VIII). RMgBr (R = CHs, C$l7, C,H, or C$I,) 
(15 nmole) in tetrahydrofuran (THF) was added dropwise at - 60° to 5 mmoles of (I) 
suspended in 100 cc of THF. The reaction mixture was stirred at room temp. for 4 h., 
poured into cold water and neutralized with 2N HCI. THF was removed by distilla- 
tion under vacuum, The solid obtained was then filtered. (V), (VI) and (VII) were 
dissoIved in hot methanoI and precipitated with wafer as orange-@Iow crystals. 
(VIII) was dissoIved in hot N,N-dimethylformamide and precipitated with steam (as 
crystals). 

The products (V)-(VIII) were also obtained by the same procedure by reaction 
of (II), (III) and IV with Grignard reagent. 

[C2HsCo(salen)] (IX). Prepared as above from (I)-(IV), recrystallized from 
an ethanolic solution by addition of water or from CH,Cl,. 

tCHJo(salen)] (X). Obtained as dark red crystals by concentrating under 
vacuum the solution of (V) in CH2C12. 

[CH,Co(snlen)il’H,) (XI). Obtained as orange-yellow needles by bubbling 
NH3 into a solution of(V) in CH,CI, after addition of ether and light petroleum; 
air-dried at room temperature. 

The ethyl, propyl, butyl derivatives prepared in the same manner loose slowly 
NH,. 

[C,H,Co(saletr)Nl&] (XII). Prepared by bubbling NH, into a solution of 
(VIII) in N,N-dimethylformamide, as orange-yellow needles; washed with ether and 
air-dried at room temperature. 

[CH,Co(salen)C,H,N,J (X111). A saturated methanolic solution of bemi- _ 
midazole (C,H,N?) was added to a solution of (V) in methanol. After standing a 
yellow solid crystallized which was washed with ethanol and dried under vacuum. 

[CH3C~(salen)Py] (XW), [C2HsCo(sulen)C,NsN] (XV), [C,H,Co(saIen)- 
C&-I&j (XVI) and [C4H9Co(salen)CsH5N] (XVII) Obtained cby dissblving the 
aquo derivatives in pyridine, after addition of light petroIeum/ether. The orange- 
yellow crystals were dried under vacuum at room temperature. 

[C,H,Cu(salen)C&N (XV/III). Precipitated as orange-yellow needles by 
cooling a solution of (VIII) in ethanol and Pyridine ; washed with ether and dried 
under vacuum. 

C,&Co(salen)] (XIX). Obtained as a green powder by heating under 
vacuum (VIII}, (XII) and XVIII at 200”. 

[C&2len)(C1v),] K {XX). (II) dissolved in a very smalpquantity of water was 
treated with a saturated solution of KCN. The filtered crude product was dissolved 
in hot water and the solution was filtered into a saturated solution of KCN, whereupon 

J. Organomeral. Chem, 7 (1967) 493-501 



500 G. COSTA, G. MESTRONI, L. STEFAi\iI 

the pure solid precipitated. It was then washed with a little water and dried at 100”. 
(XX) may be also obtained by illuminating a solution of(V) in water and methanol 
in the presence of an excess of KCN. The products obtained by the two different 
methods have the same IR spectrum. 

Thermui decomposition 
(V), (Vi)? (VII) and (IX) were heated for 1 h under vacuum at 200’. [Co (salen)] 

was identified as the sole product by IR spectra (comparison with an authentica 
sample) and by analysis. 

Mugnetic measurements 
Faraday method was adopted. 

Spectra 
The UV and visible spectra were determined using an Unicam SP 700 spectro- 

photometer. We have used 1 cm silica cells and 1 cm glass cells. The solvents used 
were reagent grade methylene chloride, pyridine and ethanol. During all the opera- 
tions care was taken to avoid photochemical decomposition. 

infrared spectra were obtained usin, - a Per-kin-Elmer mod. 13C infrared 
spectrophotometer from nujol dispersion or KBr pellets. 
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The preparations of stable organocobalt chelates of bis(saIicplaIdehyde) 
ethylenediimine, (salen), RCo(saIen)L and RCo(salen)(R = CH,, C,H,, C,Hi, C,H,, 
C&L, ; L = I-&O, NH3, pyridine, benzimidazole) are described. 

The UV and visible absorption spectra are reported and briefly discussed. 
Evidence for the photoIabiIity of the complexes is presented. 

Chemical and physico-chemical behaviour of the compIexes confirm the 
stabilization of the cobalt-carbon bond by formation of conjugate chelate rings. 
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