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Low-spm coordmatlon compounds of cobalt have been the objects of conslderabie 
recent attention and study, dlrected m part at the roles of such compounds *II 
homogeneous catalysis’ and as model systems for vltamm B12 and its derwatlves’ *3 
The present article IS concerned wrth some aspects of this subject, notably the chemistry of 

cobalt(I) cyanide and related complexes 

A LOW-SPIN COMPLEXES 01- COBALT 

The pattern of cOnflgurdtlOnS characterlstlc of the low-spm compleles formed by cobalt 

IS deplcted m Table 1 This pattern is exemplified particularly by complexes contammg 

TABLE 1 

Representatrve cyano- and related complexes of cobalt 

Compound Owd-itlon No ofd Total valence 

state electrons shell 

Heracoordmate 
COAX 
Co(CN)&13- 
Co(CN)s H” 

Pentacoordmate 
Co(CN)5 Z- 
Co(CN)zU’R3)3 
CO(CNR)~ 2+ 

COG+- 

Co(CN)&O)2- 
Co(CNR)s+ 

CO(CO)~H 

Tetracoordmate 
CO(DIPHOS)~+ a 
CO(DIPHOS)~ a 
Co(CO)s - 
Co(CO)3(PR3)- 

+3 

+3 
+3 

+2 
+2 

+:! 

+-I 
-+I 
+I 

i-1 

+1 
0 

-1 
-1 

;: 

d6 

d” 
d” 

18 

18 
18 

17 

17 

17 

18 

18 
18 

18 

16 
I7 

18 
18 

a DIPHOS = Ph2PCH2CH2PPh2 
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cyanide and related hgands (e g carbonyls, rsomtrrles and phosphmes) but extends also 
more generally to other low-spm coordmatron compounds Attention IS directed 
particularly to the following features and trends 

(1) The Inverse dependence of the preferred coordmation number on the d-electron 
populatron, a trend whtch reflects the constraints of the “noble gas rule”, whereby those 

configuratrons m whtch the total number of valence electrons approaches, bzct does not 

emeed, eighteen are favored. 
(2) The tendency of strong o-donor hgands such as CN- to stabrhze the hrgher 

oxidatron states (notably +3) of cobalt, whereas strong n-acceptor hgand such as CO 
stabrhze the lowest oxrdatron states (-1 to +I). 

(3) Whereas the wide range of oxrdatton states exhtbrted by cobalt is paralleled by 
certam other elements (e g Pt” to Ptrv) the for-matron of stable mononuclear low-spm d’ 

complexes IS distmctive Thus, whrle complexes such as COG 3- and Co(CNR)< ‘+ do 

exhibit some tendency to dimerize and/or dtsproportronate, thus tendency is much less 
pronounced than for most other low-spur d’ complexes such as Mn”, Rhn, IrI*, drl, etc 

(4) Some of the characterrsttc reacttons whereby the complexes conformmg to the 
pattern depicted by Table 1 are mterconverted are: 

(I) sample electron transfer reactrons m which the coordmatron number remams 

unchanged, e g 

Co(CNR)s 2s + e- + Co(CNR)s+ (1) 

(11) “oxrdatrve addrtron” reactions, m whrch oxrdatron 1s accompamed by an increase m 
the coordmatron number4-6, e g 

2 Co”(CN)s ‘- + CH3 I += Co”‘(CN), CH3 3- + Co”‘(CN), 13- (2) 

Co1(dmg)2 (PR,)- + CH3 I + Con1(dmg)2 (PR,)CHJ + I- (3) 

(m) acrd-base reactions of hydrtdo-complexes which correspond, formally, to two- 

electron redox processes, e g 

Co’(CO), H t’ Co-‘(CO),’ + H+ (4) 

Oxrdattve addition reactions such as those depicted by eqns (2) and (3) are partrcularly 
significant as synthetic routes to organocobalt compounds, as steps m homogeneous 
catalytic processes and 111 the context of vttamm Br2 model system chemrstry4-6 

B PCNTACYANOCOBALTATE(1) 

The pentacyanocobaltate(1) ion, COG 4-, previously postulated798 as an 
mtermedrate m the chemtcal and electrochemical oxrdatrons of Co(CN), H3-, has recently 

been directly detected and spectrally characterrzed ‘, followmg tts formatron by the 
reaction of hydrated electrons (generated by pulse radrolysu) with Co(CN)S 3- m aqueous 
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solutron accordmg to eqn (5) The rate constant of thrs reaction, ks , IS 1 2 X 10” 
mole-’ set-’ (ref. 9) 

COG 3- + eTq 33 COG 4- i (9 

COB 4- is hrghly unstable m aqueous solutron and reacts9 to f 

according to reaction (6) with a half-life of ca 7 X 10d6 set (k6 = 1 

4- + H2 0 kz Co(CN)s H3- 
Im 

Co(CN)s H3- 

X IO5 set-‘). 

Co(CN)s + OH- (6) 

Co(CN)s 4- can also be generated m aqueous solutron by the reaction of OH- with 
Co(CN)s H3-. Whereas Co(CN)s H3- IS relatively reactive toward substrates such as free 

radrcals and conjugated olefiis to whrch rt can transfer a hydrogen atom, rt 1s mtrmsrcally 

rather umeactrve toward typical outer-sphere electron transfer oxidants such as Fe(CN)6 3- 

Reactions of the latter type are, however, promoted by OH-, apparently through 
mechanisms such as that depicted m eqns (7)-(g), which 1s in accord wrth the observed 
rate lawlo, 

-d [Co(CN)s H3-] /dt = k, [COG H3-] [OH- ] 

where k, = 0 1 mole-’ set-’ 

Co(CN)s H3- + OH- ‘4 Co(CN)s 4- + H2 0 (rate-determmmg) (7) 

Co(CN)s 4- f Fe(CN), 3- fa% Co(CN)s 3- + Fe(CN)64- (8) 

Co(CN)s 3- + Fe(CN)63- f”“l, [(CN)s Fe-CN-Co(CN)s 16- (9) 

Co(CN)s H3- + 2 Fe(CN)63- -I- OH- --, [(CN)S Fe-CN-Co(CN)s16- f Fe(CN)e’- + 

Hz0 00) 

The reaction of Co(CN)s H3- with Hg(CN)* accordmg to eqn (11) has recently been 

reported to exhtbrt srmrlar kinetrcs, and has been mterpreted in terms of an analogous 
mechanism m whrch reaction (7) also 1s the ratedetermmmg step” _ 

HCo(CN)s 3- -i- Hg(CN)2 + OH- --, [NCHgCo(CN)s ]“- + CN- + Hz 0 (11) 

Gmrd Che.m Rev, 8 (1972) 
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Combmatron of the above value of k+ with the prevrously determmed value of ks yrelds 

a value of lo+ mole- r for the equrhbrrum constant (Kes = k,/k6) of reactron (7) This 

corresponds to a pKa of ca 20 for Co(CN)s H3-, whrch IS thus an extremely weak acid. 
The trapping of Co(CN)s 4--, following its g eneratron by reaction (7), can also be 

effected by reactton wrth a ligand such as CO whrch IS more effective than CN- at 
stabrhmg cobalt(i) Thus, OH- was foundI to promote the carbonylation of 

Co(CN)sH3- wrth the formatron of the mrxed cyano-carbonyl complex, COAX-, 

acccrdmg to eqn (12) 

COG H3- -I- 2 CO + OH- + COG, 2- -I- 2 CN- + H2 0 (12) 

The form of the rate law for this reaction was found to be similar to that for reaction 
(lo), 1 e. 

-d[Co(CN)s H3-] /dt = k12 [Co(CN), H3-] [OH-] 

but the value of kn (6 X 10e3 mole-’ set-’ ) 1s only about l/20 that of k, _ These 
observatrons have been mterpreted m terms of the followmg mechanism, accordmg to 
which k12 = k7k13(k6 + k13) and thus k13 = 5 X lo3 set-’ 

COG H3- + OH- 9 ‘i;- Co(CN)s 4- + H2 0 
6 

Co(CN), 4- 
k13 
4 COG 3- + CN- 

COG 3- 
fast 

+ CO + CO(CN),(CO)~- 

CO(CN),(CO)~- i- CO f% CO(CN)~(CO)~ ‘- + CN- 

(7) 

(13) 

(14) 

(1% 

C CARBONYLATION OF PENTACYANOCOB4LTATEW) 

Co(CN)3 (CO)2 ‘- can also be generated13 by the carbonylation of an aqueous solutron 

of Co(CN)s 3- accordmg to reaction (16) 

2 Co(CN)s 3- + 2 CO + Co(CN)3(CO)3 ‘- + COG 3- + CN- (16) 

The rate law of this reaction, of the form 

d[Co(CN)3(CO),2-] /dt = k16 [COG 3-]2 [Co] [CN-I-’ 

has been mterpreted m terms of the mecharusm depicted by eqns (17) and (18), accordmg 
to which k16 = K,kls 

Co(CN), 3- + CO s Co(CN)d (CO)*- t CN- (pre-equrhbnum) (17) 
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Co(CN),(CO)=- + COG 3- ‘3 ‘-- (18) 

[Com(CN& (NC$3-] + [COG*-] 

co 

COG 3- co(cvN),(co), *- 
The dlsproportlonatlon of cobaIt(II), mduced by the stabkation of cobalt(I) by CO, 1s 

illustrative of a general route for the formatron of cobalt(i) complexes Another example of 

such a reactlon, deplcted by eqn (IS), has recently been reported by Bressan et al 14. 

2 Co WW’R, 12 I2 s CO(CO)~(PR~)~ I + Co= (19) 

D. COBALT(I) COMPLEXES DERIVED FROM THE REACTIONS OF PHOSPHINES WITH 
C‘$CN)3(C0)22- 

CO(CN),(CO)~ ‘- rea&ly undergoes substltutlon reactions with phosphmes15 (PR3) to 

yreld a wide range of nuxed phosp_hmo-cyano-carbonyl cobalt(I) complexes of the types 

Co(CN)* (CO), (PR3)-, Co(CN)3 (CO)(PR3), - and Co(CNj(C0)2 (PR3)2, m accord with 

the scheme depicted by eqns. (20) and (21) 

COAX *- + PR3 + Co(CN), (CO), (PR,)- + CN- (20) 

Co(CN)* (COj(PR3)* - + CO -c 1 
@la) 

#-. 

Co(CN), (CO), (PR,)- + PR3 CN- 

Co(CN)(C0)2 (PR3)2 + CN- (2lb) 

Some of the compounds that have been prepared by this procedure are described in 

Table 2 The synthesis of complexes of the type Co(CN)(C0)2 (PR3), by a dtfferent route 

has also been reported recently14 

Imtlal examination of the chemistry of these complexes has revealed the following 

features 

(1) Lowering the pH of an aqueous solution of CO(CN),(CO)(PE~,)~- from 11 to 4 

results in a reversible spectral change and m the formation of a new species, presumably the 
hydndo-complex HCo(CN)2(CO)(PEt3)2, formed in accord with reactron (22) and havmg 
epK,ofca 5 

Co(CN), (CO)(PEt 3)2 - + I-I+ 3 HCo(CN)* (CO)(PEt3)2 (22) 

Coord Chem Rev, 8 (1972) 
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TABLE 2 

Compounds denved from the reactlons of phosphmes with Co(CN)3(CO)z* 

Compound “CN = 
(Cm-‘) 

UC0 = 
(cm-’ 1 

Et4N[CotCN)2(CO)2(PCys)] H20 ’ 

Et+N[Co(CN)2 (CO)(PPh& I WzO 
K[Co(CN)2(CO)(PMePh2)2 I 3H20 
K[Co(CN)2(CO)(PMe2Ph)z] 3H20 
K[CO(CN)~(CO)(PE~& ] -CH3COCH3 H20 
K[Co(CN),(CO)(Ph,PCH,CH2PPh2)] H20 

CWN)(C0)2(PPh3)2 
Co(CN)(C0)2(PEts)2 
Co(CN)(C0)2(PCy& ’ 

Q m = medmm, s = strong, vs = very strong 
b Cy = cyclohexyl 

2105 m, 2085 ms 1990 s, 1930 vs 

2081 m, 2065 ms 1918 vs 
2065 ms, 2050 m 1890 vs 
2070 m, 2060 s 1875 vs 
2062 m, 2045 ms 1868 vs 
2085 m, 2080 ms 1905 vs 

2100 m 1988 s, 1932 vs 
2095 m 1968 s, 1905 vs 
2092 m 1967 s, 1908 vs 

(2) In contrast to certain other cobalt(I) complexes, e g. Co(dmg), (PR,)- (ref 6), these 

complexes etiblt only weak nucleophilicity toward orgamc hahdes, as reflected III the 
very slow reactions of COG (CO)(PPh, I2 - with benzyl brormde m methanol to yield 

rather unstable products which have not yet been fully characterized The low 

nucleophihclties of these complexes, as well as their relatively low baslcltles toward 

protonatlon (eqn (22)), presumably reflect the strong tendency of the CO hgand to 

stabilize cobalt(I) agamst oxldatlon 
(3) Fe(CN), 3- reacts rapidly and quantltatlvely with Co(CN), (CO)(PEt,), - in alkalme 

solutions m accord with the stolchiometry depicted by eqn (23) One of the products, 

tentatively identified as [(CN& Fe-CN-Co(CN)2 (PEt,), (OH,)] ‘-, IS the analog of the 

ion [(CN), Fe-CN-Co(CN),16-, which 1s the product of the correspondmg oxidation of 

Co(CN), 4- by Fe(CN), 3- (eqns (7)-(10)) Th e ac f 11 e oxldatlon of the CO hgand in this 
reaction IS a feakre of considerable novelty and interest 

Co(CN)2 (CO)(PEt 3)2 - + 4 Fe(CN& 3- + 4 OH- --f 3 Fe(CNje4- + C032- + 

[(CN)s Fe-CN-Co(CN)2 (PEt J)z (OH, )13- f H2 0 (23) 
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