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Summary 

Axial aikyl or aryl groups, o-bonded to the metal atom in some tetraden- 
tate Co”’ compleses, are readily removed by iodine or iodine monochloride; 
electrophilic and rndlcal at&tack on the carbon atom both can occtir, depending 
upon the nature of the axial organic group and the chelating agent. 

Introduction 

It has been shown that the halogens are effective reagents for the displace- 
ment of an organic group a-bonded to 3 cobalt atom. The study of these reac- 
tions, first observed in methylpentacyanocobalt(Il1) compleses [l] and in 
alkylcobalamin coenzymes [Z!], has been estended to some alkylcobaloslmes*. 
For the latter compleses several routes to carbon-cobaIt bond cleavage have 
been described, including direct electrophllic substitution [3] and osidative 
dealkylation 131, the latter consisting in an osidntion of the comples by the 
halogen to a transient aIkylcobaIt( IV) compound followed by a rapid subse- 
quent nucleophilic attack at the a-carbon by the halide ion. However, the inter- 
play of a radical process could not be ruled out [ 51. 

In the present work we esamine the reaction between halogens and some 
other Co”’ complexes of the genera1 formula RCo”‘(chel)L [6], where R is a 
o-coordinated organic (aIiphatic or aromatic) group, L, the sixth ligand, is water 
or absent and chel is a planar tetradentate chelating ring, i.e.: salen, acacen, 
(DO)(DOH)pn**. Furthermore, the compleses R’R’Co”‘[(DO)(DOH)pn] [7], 
where R’ and R’ (R’ F R’ or R’ = R’) are two organic groups bonded to the 
cobalt atom in mutually trans relationship to one other, will be consldered 
(Fig. 1). 
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RCo( salen) RCotacacen) 

Fie 1. Some Co”’ complenes of general formub RCo”‘(chel)L and R’R2Co “‘lNlO)~D0H)!~nl. 

All the reactions were studied m chloroform at room temperature in the 
dark. The halogens used were I2 and ICI. 

As far as the stoichiometry of the reaction is concerned, the use of I? in- 
stead of ICI simplifies the problem of the identification of the products, since 
it limits the number of the species formed. On the other hand, the product ob- 
tained by the polarized molecule of ICI gives additionrll information about the 
reaction. 

The stoichiometry of the reaction 
The reactions of the monoalkyl and monoaryl denvatives occur with the 

simple stoichiometry (eqn. 1): 

RCo’“(cheI) + I? -c ICo’u(chel) + RI (1) 

The dealkylation (or dearylation) of the R’R’Co[(DO)(DOH)pn] com- 
plexes, as exemplified by the dimethyl derivative, can be obtained with two dif- 
ferent stoichiometries, using a molar ratio I,/complex equal to 1 or 2, respec- 
tively (eqns. 2 and 3). 

(CH,),Co’u[(DO)(DOH)pn] + 12 A CH&o”‘[(DO)(DOH)pn]I + CH,I (2) 

(CH&Co’n[(DO)(DOH)pn] f 2 1~ + Co’u[(DO)(DOH)pn ]I? + 2 CHJ (3) 

Several examples of these reactions are reported in Table 1, where it is 

shown also that in one case traces of ethane and ethylene are detected as by- 
products. 
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TABLE 1 

DEALKYLATION OF COBALT(III) COMPLEXES 

Coballllll) complex Producrs 

MeCoInlen) I 
hleCo(acacen) I 
lMe~~Col~D0~~D0H1~nl 1 
(hle)?Col(DO)(DOHIpnI 2 
E~CoIsalen) 1 

ICoIsaIenl~. hlelb 
Umdenllfled cobalt complex. heel b 
hWZo[(DO)(D0Hl~nll~. hleIb 
Co[(DO)(DOH)pnll?c. hIeI b 
ICo(ulen)=. EIlb. lraces of CJH~ C?HJ 

h 

uldenlllled by clemenlal ;~rulvns b ldenllfted bv GLC. = Producrs Idenldled bv elecrron~c SpecWa 

The mechanism of the reactron 
When CH3Co”‘(salen). C,HjCo”‘(salen) and CH,Co”‘(acacen) are treated 

with ICI in the molar ratio Co/ICI 2 2, the following stoichiometry is observed 
(eqn. 4). 

RCo”‘(chel) + i ICI + Co”(chel) + i RCI + + RI (4) 

Since in these reactions the molar ratio RI/RCI is ca. 1 (Table 2) it is infer- 
red that both fragments of the ICI molecule must be equally active in attacking 
the leaving group R. This can occur only when the R group behaves as a radical. 

The presence of Co”(che1) (identi’ied by electronic spectra) in the products 
of the reaction affords further evidence for a radical mechanism, suggesting that 
the halogen preferentially attacks the carbon atom rather than the cobalt atom. 
When the ratio Co/ICI IS lower than 2, the Co” comples is osidized to a Co”’ 
comples by escess halogen. This can be verified Independently starting from 
Co”(che1) and halogen (eqn. 5) and has previously been reported for the Co”- 
(salen) complexes [ 81. 

Co”(chel) + i X2 - XCo”‘(chel) (5) 

The C,H,Co[(DO)(DOH)pn]H,O’ comples reacts with ICI following the 
stoichiometty: 

CbHSCo”‘[(DO)(DOH)pn]H,O’ + ICI --c CICo”‘[(DO)(DOH)pn]H20’ + C,H51 (6) 

The absence of C,H5CI in the products suggest-s that only the potentially 
positive iodine attacks the carbon atom. This may occur only when the R group 
behaves as a carban’on. Therefore the reaction can be classified as an electro- 
philic substitution. 

TABLE 2 

MOLAR RATIO OF RllRCl IN REACTIONS 4 AND 6 

Cobal?(lll) complex RI (5) RCI (5) 

hlrCo~lDO)fDOH~pnlH~O~ 73.2 26.8 
ErCoI(DOllDOHlpnIH~O’ 82.4 17.6 

PbCo[(DO)(DOH)pnlH~O+ 100 
MeCo(sJlen) 50 50 

EtCoIulen) 50 50 

hleCo(acacen) 59.8 40.2 
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TABLE 3 

DEALKYLATION AND DEARYLATION OF BIS-ORGANOCOBALT COMPLESES WITH ICI 
- --- 

Cobak(lfl) complex Products 

--~- 

ICI/complex = 1 ICllcomplr~ = 2 
~- ---- -.--.-.--. -____._.___. _. _. ____._.__-.-_ ..-.-.-. - ------ 

(hle)~Co[(DO)(DOH)pnI niei xki. nitci 
McPbCo[(DO)~DOH~pnl AleI. Phl (traces) niel. Phl. XleCI ~LNCCS~ 
ErPhColtD0)CD0H)~nl ELI. Phl (Lraces) Eli. Phl 
(Ph)$W(DD)(DDH)pnI Phl Phl 

---.- -- --.- _--. -_-__-.. - _---- 

When CH, and CIHj groups are bonded to the Co[(DO)(DOH)pn] moiety, 
both RI and RCI are formed and the ratio RI/RCl esceeds unity (Table 2). The 
excess of RI over RCI mdicates that in these types of compleses a competition 
between radical and e!ectrophillc attack occurs. 

The reciprocal effect of the axral organic group 
In Table 3 the results of dealkylation and dearylntion reactlons (with ICI) 

of the bis-organocobalt comp!eses are reported. 
Carrying out the reactlon with a molar ratio ICl/comple\; = 1 the equation 

is as follows: 

R’R’Co”‘[(DO)(DOH)pn] + ICI - R’Co”‘[(DO)(DOH)pn]CI + R’I (7) 

These reactions show the followmg features: (I) The second carbon-cobalt 
bond is broken less readily than the first, as demonstrated by the absence of 
R’I, R’Co”‘[(DO)(DOH)pn]CI and CO”‘[(DO)(DOH)~~](H~O)~‘* in the prod- 
ucts. (ii) In the unsymmetrical compleses the reaction occurs more rendtiy at 
the aliphatic carbon than at the arylic carbon. (iii) One of the organic groups 
promotes the cleavage of the other group by an electrophlllc mechanism even 
when the latter is an alkyl group. 

By using a molar ratio ICl/comples = 2 both carbon-cobalt bonds are 
broken. The reaction products indicate that the process occurs in two stages. 
The first is described by reaction 7, the second consists m the dealkylation or 
dearylation of the intermediate R’Co”‘[(DO)(DOH)pn]CI comples. 

Discussion 

As far as the dealkylntion reactions with ICI are concerned, the compleses 
examined fall into three cotegones: (1) compleses which undergo homolytic 
cleavage, i.e. RCo’“(salen) and RCo”‘(acacen); (2) compleses which show both 
homolytic and heterolytic types of cleavage, i.e. CH,- and cH5-Co”‘[(DO)- 
(DOH)pn]H,O’; (3) complexes which react only via electrophlhc cleavage, i.e. 
the R’ R’Co’n [ (DO)(DOH)pn] compleses, in the first dealkylation stage. 

The tendency to conform to one of the above types of reaction could be a 
relative measure of the state of polarization of the carbon-cobalt bond. Thus, 
the three categories are representative of complexes with virtually unpolarized, 
partially polarized and strongly polarized carbon-cobalt bonds, respectively. 
However, it would be of some interest to examine the reaction when some other 
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reagents than ICI are considered. It has been found that CH,Co(salen) methylates 
mercury(II) by a fast reaction in water [9]: 

CH3Co(salen)H20 f Hg” - Co”‘(salen)(HzO),’ f CH,Hg’ ,- (8) 

and that the same comples is an efficient methy!ating agent toward some other 
Co”‘(che1) and Co”(che1) compleses [lo]: 

CH,Co”‘(salen) + Co”‘(chel) - CH,Co’“(chel) + Co”‘(salen (9) 

CH,Co”‘(salen) + Co”(che1) - CH,Co”‘(chel) + Co”(salen) (10) 

Therefore, while react’ons 8 and 9 suggest that the comples is a carbanion 
donor, reaction 10 and that with ICI (react’on 4) suggest that it is a radical 
donor. The aptitude of this comples to give two types of reaction can be attri- 
buted to the existence of an electron pool in the planar chelating ring. This is a 
highly conjugate system, which would help to decrease, at least m the g-round 
state, the electron density at the cobalt atom when an alkyl g-roup IS present in 
the axial position. The opposite sense of charge displacement may occur when 
strong electroph’les approach the asial ligand. Thus. when an electrophllic 
agent as weak as ICI approaches the carbon-cobalt bond, ‘t does not promote a 
strong charge redistribution and consequently the bonded CH, group maintains 
its rndlcal nature. Conversely, when a strong electrophile (Hg” or Co”‘(chel) 
complex) attacks the carbon atom, the planar ring may act as a charge donor 
group by virtue of its large electron avallab’iity, increasing the charge concentra- 
tion at the g-roup attacked, whwh IS ellm’nnted as a carban’on. 

_A quite different reoct’on pattern IS followed by the bis-organocobalt com- 
pleses, where the carbon-cobalt bond is so polar’zed that the R group leaves 
x a carbanion in all cases, irrespective of the electrophilic power of the reagent. 
In fact, the esper’mental data indicate that these compleses are able to meth- 
ylate a substrate only vra electrophilic cleavage. Thus they easily transfer the 
organic group to another Co”‘(chel) comples, but not to a Co”(chel) comples, 
which requires a homolytic type of carbon-cobalt cleavage [lo]. Comparison 
of the reactivities of the mono- and b’s-organocobalt compleses suggests that. 
the polarization of the carbon-cobalt bond is determined by the strong u-donor 
power of the trans organic group, rather than by the effect of the chelating 
(DO)( DOH)pn ring. 

In contrast to the dealkylation reactions esamined above, which can fol- 
low more than one mechan’sm, the dearylation reactions seem to be esclus’vely 
electrophilic in character. This can be easily esplained in terms of electronega- 
tivity, the phenyl group being more electronegative than the alkyl group. 

Finally, we wish to draw attention to the behaviour of the phenylmethyl 
derivative of the Co[(DO)(DOH)pn] comples. In this unsymmetrical complex 
reaction occurs more readily at the alkyl than at the aryl carbon, while the m- 
verse sequence is generally found in the alkyl-aryl mercurials in electrophilic 
substitution reactions Ill]. This behaviour appears to be also in contrast to the 
kinetic data for the reaction of the RCo[(DO)(DOH)pn]H,O- compleses with 
Hg” in water, where the phenyl derivative reacts with a higher rate constant 
than the uethyl derivative [9]: 

RCo”‘[(DO)(DOH)pn]H20* + HgzP - Co”‘[(DO)(DOH)pn](H,0)22+ + CH,Hg’ 

(11) 
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Sib-uze the direction of the cleavage seems anomalous, some further experi- 
merits, inclociing kinetic measurements, are in progress. 

Experimental 

The complexes were prepared as reported in refs. 6 and 7. 
The reactions were performed in chloroform analytical grade Riedel-De 

HaEn. 
in some cases the Co complexes resultmg from reaction were identified by 

comparison with the electronic spectra of authenhc samples. A spectrophoto- 
meter Unicam SP 700 was used. 

The alkyl and aryl halides were identified by GLC. Chromatographic ar~al- 
yses were carried out with 2 m columns of Carbowav 20M with a C. Erba Model 
G-T. gaschromatograph. 
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