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REDUCTION OF COBALT CHELATES OF BIS(ACETYLACETONE)- 
ETHYLENEDJIMINE AND SYNTHESIS OF ORGANOCOBALT 
DERIVATIVES 

INTRODUCTION 

A new series of stable organocobalt chelates with tetradentatc ligitnd svstcrur;. 
bis(acetylacetone)ethylenediiminato dianion (EAE): (RCo(BAE)] or [pCo(BAE)I..,j’ 
and bis(salicyfaldehyde)ethylenediiminato dianion (salen): [RCo(salcn)] or [Rc’o- 
(saIen)L]’ (R =alkyl, aryf; L = Lewis base) were recently obtained by the Grigmlrci 
reaction from the complexes, ~CO”‘(BAE)L) or [Co”‘(BAE)L2]X. and [-?iConr- 
(salen)L] or [Co”‘(salcn)LJX. respectively. 

The results of electrochemical” and photochtzmic~14 ltlVC5tigittkMlS conrtrtn 

that the above complexes can be considered as model molsculcs ft>t the Vit;tmin I%, ,- 
group. 

Stabilization ofthe cobalt-carbon bond was previously nbscrvr:ci in the *‘c<jbii I- 
oximes” )$Co(DH),L], containing the his-bidont;ltc lipnd sl*slcrn his-dimcthyi- 

glyoximato dianion (DH),, which were proposed as model molecules for fhe atkyl- 
cobalnmins”. 

In analogy with the alkylcobalamins” and utkyl porphyrins’. rhc cobaloximcs 
cm be obtained also by reaction of the appropriate electrophilic reagent with the: 
reduction product of the parent complexes, [CO~~~(DH),LI,‘]~. The reduction produ~‘ts 
were formulated as Co’ derivatives. 

The present paper reports on the reduction of the chetittes of(BAE) ;tnd tk 
preparation ofseverat new organomctalticdcrivativcs, including binuclcilr coml~lcxc~. 
from the reduction products. 

(I) The reaction of [BrCo”‘(BAE)PPhJ] or [Co”(BAE)j with sodium or I “_ 

sodiumamalgam inanhydrous tetrahydrofuran(THF)produc~s;t dcrpgrccn soltit~cln 
When benzene or diethytether is used as solvent. the violet solid. i’QC:o(HAII) (1). IS 
precipitated, The complex is highly sensitive to uir und moisture hut is s~:lhlc ilt ~(IINM 
tcmpcrnturc in an inert atmosphere. Solutions of (I) in THE reucl with dc-ueratod 
water in an inert atmosphere forming deep red solutions which gritduutfy discolour 
yielding eventually ycilow solutions uf’[Co”(BAE)] with cvolu tion of El B, The trim- 
sient formation of HCo(BAE) (II) is postulutcd, follnwcd by rconichlrion. ‘I‘hr dc- 

NaCo(BAE) + HQH -3 HCo(BAE) -t- NaOH 11) 

J. fl)rfplnorrrrrr~l I”lJIWJ.. 1 I (I !mJ) 32s ,132 
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HCo(3AE) - Co(BAE) -I- +H, (21 

composition of(JI be followed by measurement of the Hz evolved. The results arc 
in agreement with reactions (1) and (2). Both (I) and (II) can be formutated as Co’ 
derivatives. 

(2) Solutions of either (1) or (II) in THF can be used as starting materials 
(containing the powerful nucleophilic species. NuCo’(BAE) OF HCo’(BAE), respec- 
tively) for the preparation ofa variety ofstable organometallic derivatives by reaction 
with the appropriate electrophilic reagents, R-X (X = Cl, BI-. I) followed by precipita- 
tion with HtO. 

NaCo(BAE) t-RX - RCo(BAE) -I- NaX (3) 

The products (see Table 1) are either the orange-red crystalline six-coordinated 
compIexes [RC~(BAE)H,O] (R =CH,, C2Hs< II-C,H,, Br(CH2)4; CH,=Ci-J). Or 
the apparently five-coordinated (RCoBAE] (R =CH,CO; violet crystals). The 
methyl and ethyl derivatives are identical with those previously reported’ by Gripnard 
reaction. 

Al1 the compounds can be obtained as k-coordinated complexes from non- 
coordinating solvents (benzene, CHtClz etc.) or by heating [RCo(BAE)H,O] in the 
solid state under vacuum. 

In contrast to the corresponding complex of den’. the mrboxyalkyl Jcriv- 
atives (R =CH,OCO) could not be obtained by reaction (3). The phcnyl dcrjvativcs. 
[C,H,Co(BAE)‘J and [C,H,CO(BAE)H~OJ. could not bc obtained by the ;~bc~vc 
reaction, but were prepared as stable products by the Grignord reaction from ~C~~~- 
(BAE)L]‘. 

{3) Unsaturated compounds such as acctylenc or activ;rteli vinyl Jcrrs.;rtl\cl; 
react with TffF solutions of (II) with formation of sttibic red cr~st;Jlinc tidditkti 
products (see Table I). 

HCo(BAE) -I- CH=CH - CHz=CHCo(BAE)H$J 

HCo(BAE) +CH,=CHCN - CNCH2CH2Co(BAE) 

Thesamecomplexesareobtnined whensolutionsof(J)in THFarcreacfcd with 
water in the presence of unsaturated compounds. 

(4) Treatment of (I) with the aliphntic geminal dihnlide. Br(CI-IJ.,Br. afforded 
a binuclear complex (see Table 1) in a two-step reaction. 

ras1 
NaCo(BAE) -I- Br(CH,),Br - Br(CH,)Jo(BAE) 

t,lOW 

Br(CH,),Co(BAE)+NaCo{BAE) -- (BAE)Co(CH,),Co(BAE) 

(5) The five-coordinated species, IpCo(BAE)]. are easily convcrlcd into fhc 
six-coordinuted[RCo(BAE)L] byadditionoftheappropriateLcwisbosc(1. - pyriifinc. 
benzylamine, benzimidazole) (see Table 1). 

RCo(BA E) + L 4 RCo(BAE)L 

From /$Co(BAC}H,O], the coordinuted water cun be displaced by excess of 
various ligands. 

RCo(BAE)H,O -I- 1. - RCo(BAE)L + HZ0 

J. or(~trtlrMIWlnl. C’hrrrr., I 1 (MR) ,x3, !3,4 
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(6)BifunctionaI donor molecules(c,g+, ethylenediamine, piperazine)can be used 
as bridging ligands to obtain binuclear complexes (see Table 1). 

2 RCo(BAE) +NH&H2)2NH2 - [~co(BAE)NH&H,]~ (R =CH,, C6H5) 

The orange-red crystalline products are stable in the solid state but easiIy 
dissociate in non-complexing solvents, yielding @Co(BAE)]. 

(7) The complexes 
by NaBH4 but give 

FCO~~(BAE)L] or [Cottt(BAE)LJX can be reduced aLo 

[Co* (BAE) J as the final reaction product. In the presence of 
CHJ, the methyl-cobaft derivative, [CH,Co(BAE)], is obtained. The intermediate 
formation of the Co’ species can be assumed. 

DISCUSSJON 

Relatively unstable organometallic cobalt compIexes were previously prepar 
using crdonor-x-acceptor ligands such as PR310, CO’ *,CN’ I2 ;deeply coioured Co’ 
complexes were reported with ligands, such as 2,2’-bipyridyl”, o,o’-pbenanthroline’ 
and CIH4(PPhZ)~‘1 stabilizing low-valence states of transition-metal atoms. 

On the other hand, naturally occurring ligands such as the porphyrin and 
corrin macrocycles afford both the low-valence state (Vitamin B1 J and very effective 
cobalt-carbon bond stabilization (alkyl cobalamins). 

Both properties are thus essential requirements for ligands used to obtain 
model complexes for the Vitamin Br2 group compounds e.g., the bis-dimethyl- 
gfyoximatocobatt complexes reported and investigated by Schrauzer. 

The present work and the following paper’ demonstrate that other chelating 
agents such as (BAE) and (den) impart very similar properties. We can thus arrange 
for different series of comparatively simple cobalt chelates the physico-chemical 
behaviour of which can be investigated in order to correlate the electronic and struc- 
tural features of the planar @and with the coordination chemistry of the cobalt atom 
and properties of the cobalt-axial ligands bonds. 

The most important common feature is, in our opinion, the conjugation in the 
planar Jigand system involving the d-electrons of the cobalt atom. 

As far as the chemical behaviowr is concerned, some differences are apparent 
such as the behnviour towards reduction with NaBH+ While the cobntoximes are 
reduced to Co’ derivatives’, the corresponding complexes of (BAE) are reduced to 
[Co”(BAE)]. Th 
rrssumcd. 

e intermediate formation of very unstable Co’ complexes can be 

Much more detailed information on the redox mechanism and stability of 
rcduccd species is obmined from electrochemical investigations3. 

Moreover, the stability of the carboxyalkyl derivatives of (BAE) are also 
distinctly Jower than in the cobaloximes or salen series, 

ln ?hc [RCo(BAE)L) complexes, the lability of the Co-L bond is infIuenced 
both by the presence of the planar and the nature of the rrans-(axial) figand (cis- and 
mm-efiect). The trrrnsmission of electronic effects through the cobalt atom has been 
etudicd by NMR’” and spectroscopical methods. 

The reduction mcchunism ond the oxidation state of the cobalt atom is briefly 
dimmed in the following pap&. 
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EXPERIMENTAL 

NaCo(BAE) (1) 
[Co”@AE)‘J (2.81 g, 10 mmole) dissolved in anhydrous THF was reduced 

with excess Na or 1% Na(Hg) in an inert atmosphere. A suspension of a violet solid 
in a green solution was obtained. The solid product (impure NaCo(BAE)) was 
fiitered and the solution evaporated to dryness under vacuum, at room temperature. 
When anhydrous ether or benzene was used, a violet solid in a colourless solution was 
obtained. 

Reuction of(l) widt water.A THF solution of(I) treated with de-aerated water 
in an inert atmosphere became reddish-brown in colour. The solution slowly dis- 
colouted to yelfow. On evaporation. crystalline. yellow [Co”(BAE)] was obtained 
(comparison with authentic sample by IR spectrum ; m.p. and mixed m-p. tS I--Y). 

When I mmolc of (I) in anhydrous THF (I50 mt) was treated with 5 ml of 
de-aerated water (23’), 12.5 ml of HZ (S.T.P.) was evolved after t t min (calcd. for 
HCo(BAE), Il.2 ml). 

[RCo(BlE)fl,Oj (R =CH,. (III), C,Hs (IV), eC3ff- (I’). Br(C’M,}, (VI) 
ECOI~(BAE)J (2.81 g, 10 mmole), dissolved in anhydrous THF (200 ml) was 

reduced in an inert atmosphere with I ‘;i Na(Hg), The amalgam was withdrtrwn and 
the solution cooled (-80’) and treated with the stoichiometric amount of the nppro- 
@ate alkyl halide RX (X =Br, I). The reaction mixture was poured into water 
(100 ml). After evaporation, red crystals separated (70”,5,, yield). When recrystirllizcd 
from acetone-water, (Ill) and (IV) were identical with those previously obtained from 
Grignard reagents’. 

Obtained from a cooled (-80y) solution of(l) by reaction with the sfoichio- 
metric amount of CH,COCl or ~C?f3CO)20. 

The deep violet crystalline compound was isolated as above and recrystnllized 
from benzene (65 ‘;i yield). IR carbonyl absorption (CH,C12 solution) v(C=O) = 1720 

cm-l. 
When CKIOOCHS or ClCHJ’I)OCH~ was used 3s the reagent. [C’o”(BAE)j 

was recovered quantitatively. 

[Clf2=CffC+AE)] (Vlll) 
Obtained (a) by treatment ofn THF solution of(l) with c’HI=CHCI ;IS :ttrnvr 

(50o/,;yield);Ib)byreactionofaTHFsoJutionofjJ)wilh water.fulluwcd by theildditioll 
of CHpCHCt (low yield); (c) by the addition of w;ltCr to 3 THF solution of (1) 
saturated with acetylene; (d) by reaction of I THF solution c,f (1) with de-ilcr:ltcd 
water followed by saturation with acctylcne. 

All the above procedures give the s;imc crystollinc cornp~~tmd (IR S~LXII~:I. 
m.p. and mixed m.p. Il2”), (70’/‘;; yicJd)+ 
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[crvcH,cH,C0(&4E)] (IX) 
Obtained by procedures (b) and (cc) above using CH,=CHCN as reagent. 

Purple crystals from acetone-water (80% yield). 

[RCa(BAE)-j (R=C,If, (X), Br(C&), (XI), CI-J,=CH (XII) 
Obtained by heating (#I-80@) the quo-derivatives in the solid state under 

vacuum. The compounds are green, with exception of the vinyl derivative which is 
deep violet. The same compounds are obtained (IR spectra) from the uquo-derivotives 
in C6Hh, CHC13, CH2C12 (loO”/, yield), 

[(BAE)CO(Cf3~),CO(BAE)~ (XIII) 
Obtained by reacting a THF solution of (I) with the stoichiometric amount of 

(XI). The green solution was treated with water and concentrated under vacuum. The 
green, crystalline sohd was washed with acetone and recrystallized from CH,Cl, 
(70 % yield). 

[RCo(BAE)C&V] (R = Cl& (XIV), CH,CO (X V-j. Cl&=CIf (X Vf), CNCff2CC)fl 

(XVffN 
Obtained by dissolving the five-coordinated complexes, [RC$?AE)] or 

@Co(BAE)H,O], in the minimum amount of pyridine. and precipitating with 
petroleum ether (90 % yield). When R = C2HS or CJHT, the six-coordinated pyridin- 
atcs can be formed only in a solution conraining excess of pyridine. Loss of pyridine 
takes place during isolation of the solid product. v(CO)(xV) = 1692 cm- ’ (ethnnol- 
pyridine solution). 

[RCO(BAE)C,H&] (R=CH, (XVIII), C& (XIX)) 
Obtained by the addition of benzimidazote (saturated eth;rnolic solution) to 

the corresponding five-coordinated or six-coordinated uqtru-complcxrt; in alc:ohot 
Washed with a little ethanol {80x yield), 

[CJf5Co(BAE)C&N) (XX) 
Obtained as orange-yellow crystals from [C6H,Co(BAE)] or [C6H Jo(BAE)- 

HsO]l by treatment with benzylamine in ethanol. Washed with water-ethanol 
(60 % yield), 

[ (RCO(BAE)NH~CI~~);,-J (R = CH, (XXI), C,H, (XXI I)) 
Obtained by heating an ethanohc solution of [RCo(BAE)] or [RCo(RAE)- 

H,O J J with ethylenediaminc. An orange-red crystalline solid scpnratcd on cooling 
and was thoroughly washed with water (802: yield). 

~KhdWWA~~hW-4 o&j (XXIII) 
Obtained by the addition of C4Ht0N2 to [ChHSCo(BAE)] in cthitnol. &I 

standing an orange-yellow crystalline compound was formed and was filtered und 
washed with ethanol (aO% yield). 
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visible spectra were determined using an Unicam SF 700 spectrophotometer. During 
all the operations, care was taken to avoid photochemical decomposition. 

Infrared spectra were obtained with KBr pellets using a Perkin-Elmer model. 
f 3C infrared spectrophotometer. 

ACKNOWLEDGEMENTS 

Financial assistance from the National Research Council and SNAM-Progetti 
is gratefully acknowledged. 

SUMMARY 

Complexes of Co*” and Co” of the type BrCo(F3AE)PPh3 or Co”(BAE) can be 
reducqd to NaCo’(BAE) by Na or I ‘% Na(Hg). 

The preparation of stable organocobalt complexes, RCo(BAE) and RCo- 
(BAEjH& (R =alkyl, vinyl, acyl), by reaction of NaCo’(BAE) with RX, is described. 

Six-coordinated complexes, RCo(BAE)L (L = pyridine, benzylamine, benzimi- 
dazote) wcrc also prepared. 

The reactions of NaCo’(BAE) with acetylene and acrylonitrile in the presence 
of water yielding the vinyl and cyanoethyl derivatives are reported. 

Binuclear complexes (BAE)Co(CH,),Co(BAE) and [RCO(EAE)NH~CH,]~ 
arc also obtained. 

The chemical beheviour of the Co’ complex shows a strong analogy with that 
of the Vitamin B,2s. 
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