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1. Introduction

A. Scope of the Review

This review emphasizes cobalt complexes con-
taining two o-bonded carbon donor ligands. The first
class of complexes to be discussed contain quadri-
dentate ligands (chel) which form complexes of the
type RR'Co(chel). (R and R’ are a variety of identical
or different o-bonded alkyl or aryl groups.) A second
class of di-organocobalt complexes discussed in this
review includes the dialkyl and diaryl complexes
which contain w-acceptor ligands, such as triphenyl-
phosphine, 2,2"-bipyridine, 1,10-phenanthroline, and
acetylacetonate. These compounds are for the most
part cis-octahedral complexes, although other
geometries are known. We will emphasize the syn-
thesis, structure, spectroscopic properties, and reac-
tions of the complexes which were not covered in
earlier reviews of organocobalt chemistry [1, 2].
For the most part we excluded complexes containing
carbonyl ligands and #-donor ligands as well as those
of the form R,Co.

We will simplify and clarify the discussion of di-
organocobalt complexes by prefacing it with intro-
ductory material. It includes the origin of organo-

cobalt chemistry and a brief summary of the syn-
thesis and reactivity of mono-organocobalt complexes.

B. Origins of Organocobalt Chemistry

Compounds with metal—carbon bonds have been
known for many years and it is now clearly recog-
nized that the formation of bonds to carbon is a
general and characteristic property of all of the d-
group transition metals. The development of organo-
cobalt chemistry in particular can be traced to the
isolation and characterization of the naturally-occur-
ring cobalt corrinoid 5'-deoxyadenosylcobalamin.
The unique feature of this compound is the cobalt—
carbon bond, and its presence was unambiguously
confirmed by an X-ray analysis carried out in 1961
[3].

The realization that the porphyrin-like corrin ring
was an important factor in the stabilization of the
cobalt—carbon bond, led to speculation that other
organocobalt complexes could be prepared by
employing analogous quadridentate ligands. The
success of this thinking is best illustrated by two
reviews [1, 2] which summarize the nearly 1,000
organocobalt complexes that have been prepared,
and by the fact that many of the properties of the
naturally-occurring cobalamins are indeed manifested
by a variety of synthetic cobalt chelates. A par-
ticularly significant parallel is the ability of the syn-
thetic ligands to stabilize a redox series of Co(IIl),
Co(II) and Co(l) oxidation states [4—6] . This factor
appears to be of fundamental importance in the
making and breaking of cobalt—carbon bonds.

The synthetic organocobalt complexes which will
be discussed here can be categorized according to the
number of o-bonded organoligands. Both mono-
and di-organocobalt complexes are known. The
former category has been well-studied and is the main
focus of the previous reviews [1, 2]. Examples of
di-organocobalt complexes are fewer in number, and
relatively little is known concerning their reactivity.

In view of the similarity of the two categories of
organocobalt complexes, however, it is desirable first
to survey some fundamental properties of mono-
organocobalt complexes. We will discuss in a general
way the formation and cleavage of the cobalt—
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Fig. 1. Structures of chelating ligands that form mono-
organocobalt complexes.

carbon bond. An emphasis will be placed on those
reactions which have some bearing on the future
discussion of the di-organocobalt complexes. The
reader should consult the previously mentioned
reviews {1, 2] or the treatise by Pratt [7] for specific
examples of reactions or additional information con-
cerning the properties of the mono-organocaobalt
complexes.

C. Brief Summary of Mono-organocobalt Complexes

Synthesis

Fig. 1. shows a variety of macrocyclic and non-
cyclic quadridentate ligands that stabilize mono-
organocobalt bonds [8]. All of these chelating
ligands (chel) contain, when complexed, 5- and 6-
membered chelate rings. As can be seen, the donor
atoms of these ligands are predominantly N, or
N,0,, and all are members of a conjugated system
with the exception of cr in which one nitrogen is
tetrahedral. Complexes of the type RCo(chel)B (R =
alkyl, aryl; B = H,0, pyridine, phosphines, efc. or
absent) are most often six-coordinate with a pseudo-
octahedral configuration, or in some cases five-
coordinate with a square pyramidal configuration.
In both geometries the four equatorial positions are
occupied by the donor atoms of the chelating ligands.

According to the usual conventions the oxidation
state of cobalt in most organocobalt complexes is 3+
while the organic ligand is regarded as anionic
(ie, R7). We will often omit the cobalt oxidation
number when it is 3+, but will usually denote other
cobalt oxidation numbers. We also will use chel of
2— charge to designate the ligands of Fig. 1 in mono-
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organocobalt complexes. By means of these designa-
tions three limiting processes can be considered to
lead to the formation of cobalt—carbon bonds:
(1) reactions of Co(I) complexes with electrophiles,
(2) reactions of Co(IlI) complexes with nucleophiles,
and (3) reactions of Co(II) complexes with free
radicals.

The reactions of Co(I) complexes with electro-
philic agents is the most widely used route to organo-
cobalt chelates. The Co(I) complexes are very power-
ful nucleophiles [9], and they undergo rapid oxida-
tive addition reactions with a variety of electrophiles.
This method of synthesis often involves the reduction
of the appropriate Co(I1l) or Co(Il) starting material
in situ using reducing agents such as sodium boro-
hydride or sodium amalgam, followed by the addition
of any one of a number of alkylating agents such as
alkyl halides or dialkyl sulfates (Eqn. 1, 2).

Co™(chel)* + 2e~ — Col(chel)™ (1)
Co'(chel)” &5 RCo™(chel) + X~ 2)

R = alkyl, allyl, benzyl, fluoroalkyl, etc.
X=Cl",Br,17,1/280%, etc.

An alternative method of generating the Col(chel)™
nucleophiles is the electrochemical reduction of
Co'(chel) using controlled potential electrolysis
[10]. This method provides a clean route to
Col(chel)™ and has the advantage of selectivity over
the more commonly employed chemical methods
since the reduction of the cobalt species to Co® or
the reduction of the ligand can be avoided.

The use of Co'(chel)™ nucleophiles in the syn-
thesis of mono-alkylcobalt chelates has been very suc-
cessful and is used to synthesize complexes like
RCo(BDMI,3pn)* (R = CH,;, C,Hs, n-C3Hy and
n-C4Hy) [11] and RCo(salen) (R = CHj;, C,Hs,
and n-C3H,; and various ligand modifications) [12].

Organocobalt chelates can also be prepared by
reacting Co(IIl} complexes directly with nucleo-
philic agents such as organolithium or Grignard
reagents exemplified by Eqn. 3 [13].

Co!(BDMI,3pn)Br, + RMgX —>
29, [RCo™(BDMI,3pn)H,0]*  (3)

This method is of general applicability and has
considerable utility as a route to organocobalt
chelates. Generally an excess of RMgX or RLi is
employed in order to account for the reaction of
these reagents with acidic protons which are found on
some of the chelating ligands.

The third general method of forming cobalt—
carbon bonds involves the reaction of Co(1I) chelates
with organic radicals. For instance, Schrauzer et al.
[14] synthesized methylcobalamin by the photolysis
of CH;Co(dmg),py under nitrogen in the presence of
the cobalt(Il) derivative of vitamin B,,. Presumably
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the reaction involves the homolytic cleavage of the
cobalt—carbon bond followed by the reaction of the
methyl radical with the Co(Il) complex (eqn. 4),

CH,- + Co'(chel) —> CH,Co™(chel) 4)

since radicals are known to be produced by the
photolysis and thermolysis of methylcobalt com-
plexes. Halpern and Phelan [15] synthesized
RCo(dmg),B complexes according to Eqn. 5 (B =
Py, PPh3, ele. RX = C5H5CH21, C5H5CH2B1’, EtC.).

2Co'(dmg),B + RX —
RCo'(dmg),B + XCoM(dmg),B  (5)

In a kinetics study they concluded that Eqn. 5 goes
by a free radical mechanism. An interesting alkyl-
cobalt synthesis based on the free radical reactions of
hydrazines is also known [16].

Reactions

Cleavage of the cobalt—carbon bond of the mono-
organocobalt complexes can occur by homolytic or
heterolytic processes. Homolytic fission often occurs
upon irradiation of the complexes with light and
leads to Co(II) complexes and an organic radical
(Eqn. 6). The radical may subsequently react by one

hv
RCo™(chel) —— Co'*(chel) + R+ (6a)
R-—— RH, RR, etc. (6b)

of several routes: (1) abstract a hydrogen atom from
the ligand or solvent to form RH, (2) dimerize to
form RR, or (3) lose a hydrogen atom to form an
alkene. Heterolytic cleavage can be induced by the
reaction of the complexes with electrophiles (Eqn. 7)
or nucleophiles (Eqn. 8). Electrophilic attack results

RCo!(chel) + E* —— [Co!I(che)] "+ RE  (7)
E* = Hg¥, I,, ICl, etc.

NuCo'(chel) + RH
RCo™!(chel) + Nu~ / 8)

[Co¥(chel)] = + RNu
Nu™=RS7,CN7, etc

in the formation of Co(III) complexes and carbanions,
while nucleophilic attack results in the same products,
or in some cases Co(I) complexes and carbonium
ions. Often the intermediate reaction products can
not be detected because they either undergo further
reaction, or because the cleavage is concerted with
attack of the reagent. In these cases evidence about
the mechanism of the cobalt—carbon bond cleavage
comes from kinetic measurements or the identifica-
tion of the ultimate reaction products.

Individual complexes show surprising differences
in their pattern of reactivity with respect to cobalt~
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carbon bond cleavage. The course and rates of these
reactions depend not only on the nature of the
organic ligand and attacking agent (if any), but also
on the nature of the chelating ligand which plays an
important role in the polarization of the cobalt—
carbon bond. For example the order of chelating
ligand donor power is acacen > salen > (dmg), >
BDMl1,3pn [17-20]. As a consequence the
RCo(acacen) complexes are more likely than
[RCo(BDM1,3pn)]* complexes to form carbanion
intermediates, while the latter complexes tend to
form carbonium ion intermediates.

2. Synthesis of Di-organocobalt Complexes

A. Complexes of Macrocyclic Ligands

There are many more mono-organocobalt than
di-organocobalt complexes of the quadridentate
ligands in Fig. 1. This is primarily due to the
relatively few quadridentate ligands known to form
stable complexes of the type trans-RR'Co(chel).
In fact, of the chelating ligands shown in Fig. 1, only
BDMI,3pn, tim, and cr form di-organocobalt com-
plexes (Fig. 2). Complexes of the type RR'Co(BDMI,
3pn) (R = R' = CH;, C4HsCH,) represent the first
isolated examples [21], although Farmery and Busch
[22] reported the isolation of [(CHs),Co(tim)] " and
[(CH3),Co(cr)] * a short time later. Additional trans-
dialkyl, -diaryl and -alkyl-aryl complexes of these
same ligands have been prepared, and their syntheses
will now be discussed.

Me
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NP
N N

1 CO4I /Co:
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o "
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Fig. 2. Structures of di-organocobalt complexes of macrocyclic
ligands.

A survey of the literature reveals that two general
procedures have been employed in the synthesis of
the RR'Co(chel) complexes. They are: (1) the
reaction of Co(I) complexes with electrophiles, and
(2) the reaction of Co(Ill) complexes with nucleo-
philes. In contrast to the mono-organocobalt chelates
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no syntheses of RR'Co(chel) by reactions of free
radicals have been reported.

The formation of trans-dialkylcobalt complexes
by method 1 implies the existence of intermediate
nucleophiles of the type RCoY(chel). These inter-
mediates can either be generated in situ or in some
cases isolated in an oxygen-free atmosphere. The
subsequent reaction of these species with alkyl
halides affords the di-organometallic compounds.

Costa et al. [21, 23, 24] synthesized complexes
of the type RR'Co(BDMI1,3pn) (R = R" = CHj or
C¢HsCH,; R = CH;, R' = Cg¢Hs) using variations of
this method. The reaction of Co(BDM13pn), with
sodium borohydride in methanol in the presence of
excess methyl iodide or benzyl chloride gave
(CH3),Co(BDM1,3pn) or (C¢HsCH,),Co(BDMI,3pn),
together with the mono-substituted derivatives
RCo(BDML,3pn)I (Eqn. 9). Recently we have im-
proved this synthesis by starting with [Co!!}(BDMI,
3pn)(H,0),] ** [25].

NaBH
Co{(BDMI,3pn)l, + 2RX ——

R,Co™(BDM1,3pn)  (9)

The dimethyl and dibenzyl complexes were also
prepared by the carbon monoxide reduction of the
corresponding mono-substituted derivatives [21, 23] .
The reaction of CH3Co(BDMI,3pn)! or C¢HsCH,Co-
(BDM,3pn)I with CO in basic aqueous tetrahydro-
furan (THF) gave a green solution. This color is
characteristic of RCo(I) complexes [22, 26] and is
presumably [RCo’(BDMI,3pn)] . The di-organo-
cobalt complexes are formed upon addition of the
appropriate alkyl halide (Eqn. 10).

III NaOH
RCo™(BDMI,3pn)I + CO ———
H,O/THF

RX
[RCo'(BDMI,3pn)] - ——

R,Co™Y(BDM1,3pn)  (10)

The existence of the assumed [RCo(BDMI,3pn)] -
intermediates is proven by the formation of unsym-
metrical di-organocobalt complexes. For example,
the mixed methyl-phenyl and benzyl-phenyl
derivatives were prepared by the CO reduction of
CsHsCo(BDML3pn)l in the presence of methyl
iodide or benzyl chloride [21, 23] (Eqgn. 11). The

I NaOH
RCo " (BDML3pn)I + CO ———
H,0/THF

R'X
[RCo'(BDMI,3pn)] ——— RR’Co!'}(BDMI,3pn)

(1n
R= C6H5, R' = C6H5CH2 or CH3

methyl-phenyl complex was also prepared by
employing sodium amalgam as the reducing agent in
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anhydrous THF followed by the addition of methyl
bromide [21]. (Eqn. 12).

THF
C¢HsCoM {(BDML,3pn)I + Na(Hg) ——

CH3B:
[CHsCo'(BDMI,3pn)] - ——>

(C¢Hs)(CH3)Co™BDMI,3pn)  (12)

Schrauzer, Seck and Beckham [17] synthesized
(CH;),Co(BDM1,3pn) by reacting the free ligand with
cobalt(Il) acetate tetrahydrate in methanol followed
by NaBH, reduction in the presence of excess methyl
iodide. After a reaction time of approximately 20
minutes in methanol, the solution was diluted with
water in order to precipitate the neutral product. This
in situ preparation has the advantage of not requiring
the isolation of a Co(BDMI,3pn)X, precursor,
however it is of little use in the syntheses of the un-
symmetrical derivatives.

Farmery and Busch [22] synthesized compounds
of the type [RR'Co(cr)] Y™ and [RR'Co(tim)] Y~
(R =R’ = CHj or C¢gHsCH;; R = CH3, R' = CgHsCH,;
Y~ = BPh;, PFg) by the reactions of isolated
RCol(cr) and RCo¥(tim) complexes with the appro-
priate alkyl halides. The ¢rans-dialkylcobalt com-
plexes were obtained as bright red or orange—brown
crystals upon addition of BPh; or PFg. Other
examples of complexes synthesized by this method
include [(C,Hs),Co(cr)]® and [(n-C3H,),Co(cr)] ™
[27] . These reactions are significant not only because
they represent another route to trans-dialkylcobalt
chelates, but also because they confirm that the
previously postulated RCo¥(chel) complexes are
indeed intermediates in their synthesis.

The second general method of preparing RR'Co-
(chel) complexes is the reaction of Co(IIl) complexes
with Grignard reagents (method 2) [21, 23]. For
example, treatment of a suspension of Co(BDMI,
3pn)l, or Co(BDMIL,3pn)Br, in anhydrous THF with
excess RMgX (R = CH;, C¢Hs or C¢HsCH,) at
—80 °C resulted in orange solutions. Subsequent
hydrolysis and concentration of these solutions
resulted in the corresponding di-organocobalt
derivatives (CH;),Co(BDMI,3pn), (C¢Hs),Co(BDMI,
3pn) and (C¢Hs;CH,),Co(BDMI1,3pn) (Eqn. 13).

I THF,—80°C
Co™(BDM|,3pn)I, + 2 RMgX ——

R,Co'{(BDM1,3pn)  (13)

Presumably the trans-diphenyl complexes of tim and
cr could be prepared in this manner, but their syn-
thesis has not been reported as of this writing. Other
trans-diaryl complexes of the type (p-FCgH,),Co-
(BDMI,3pn), (m-FCgH,),Co(BDML,3pn), (»-FCeH,)-
(CH3)Co(BDML,3pn), and {m-FC¢H4)(CH3)Co(BDMI,
3pn) have been reported, but the method of prepara-
tion was not discussed [28].
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The transfer of alkyl groups from one organo-
cobalt complex to another represents a special case of
method 2. Both the [RCo’(BDM1,3pn)] = anion and
(CH3),Co(BDMI,3pn) have been used as alkylating
agents. For example, when the dimethyl derivative is
reacted in methanol or aqueous THF with an equi-
molar amount of [C¢HsCo(BDMi,3pn)H,0]", the
mixed methyl-phenyl derivative is obtained [52]
(Eqn. 14).

(CH3),Co(BDMI,3pn) + [C¢HsCo(BDMI,3pn)H,0]*

MeOH .
——— [CH3Co(BDM1,3pn)] ~ +

+ (CH;3)(C¢Hs)Co(BDM1,3pn)  (14)

Similarly, the electrochemical reduction of [RCo-
(BDMI,3pn)H,0] " in air-free aprotic solvents yields
the corresponding [RCo!(BDMI,3pn)] ~ anions, which
behave as alkylating agents toward the mono-alkyl
Co(1II) starting complexes [26]. When R = methyl
or ethyl, the trans-dialkylcobalt complexes
(CH3),Co(BDM1,3pn) and (C,Hs),Co(BDMI],3pn) are
isolated (Eqn. (15).

[RCo™{(BDMI,3pn)H,0] * + 2~ ——>
[RCo'(BDMI,3pn)] =~  (15a)
[RCo'(BDMI,3pn)] = + [RCo™(BDMI,3pn)H,0] "
— R,Co™(BDMI,3pn) + Co'(BDMI,3pn) (15b)
This reaction has been interpreted in terms of a
carbanion transfer from the Co(I) to the Co(ll)

complex, but a carbonium ion transfer from the
Co(IIl) to the Co(l) complex cannot be ruled out.

B. Complexes of Mono- and Bidentate m-Acceptor
Ligands .

In contrast to the di-organocobalt complexes
containing macrocyclic ligands, cis-dialkyl com-
plexes are not generally synthesized by the oxidative
addition of alkyl halides to Co(I) nucleophiles.
However, Mestroni and co-workers [29] prepared a
series of stable dialkyl cobalt complexes of 2,2
bipyridine (bipy) and 1,10-phenanthroline (phen)
using this method. The sodium borohydride reduc-
tion of methanolic solutions of CoCl,*6H,0 in the
presence of bipy or phen and alkyl halides gave the
complexes of structures Ia to If after adding the

N/N R :

|/
Co
S
~N

X

Ia R = CgH5CH,, X = I7, chel = bipy

Ib R = C¢HsCH;,, X = ClOg, chel = bipy
Ic R = C¢H5CH,, X = PFg, chel = bipy
Id R = CH3, X = ClOj, chel = bipy

Ie R = C;Hs, X = ClOg4 chel = bipy

If R =CgHsCH,, X =17, chel = phen
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appropriate anion (Eqn. 16) in which chel represents
bipy or phen.

NaBH4 .
CoCl,-6H,0 + 2chel —-R—x—> cis-[R,Co™(chel), ]
(16)

The majority of the known non-macrocyclic
dialkyl and diarylcobalt complexes have been syn-
thesized using Grignard or organolithium reagents.
This method was successfully employed by Chatt and
Shaw [30] in the synthesis of diarylcobalt(II) com-
plexes of the type trans-R,Co''(PEt,Ph), (R =
mesityl, 2-biphenylyl, 2-methyl-1-naphthyl, penta-
chlorophenyl). In general, these organometallic com-
plexes were prepared by the reaction of the appro-
priate Grignard reagent or organolithium reagent
with a phosphine metal halide complex in benzene
(Eqn. 17). In most cases the organolithium reagents

PhH
COBI’z(PEtzPh)2 + 2RMgBr —_—

trans-R,Co' (PEt,Ph), + 2MgBr,  (17)

resulted in poorer yields. The preparation of similar
alkylcobalt(Il) derivatives was attempted by the same
methods but no dialkyl compounds were isolated.

Yamazaki and Hagihara [31] -subsequently
reported that dialkylcobalt(II) complexes of A°-
cyclopentadienyl and tertiary phosphines could be
prepared by the Grignard method. Stable o-bonded
dialkyl complexes of the type (h5-CsHs)(C¢HsCH,),-
Co(PPh;) and (h5-CsH)(CH,),Co(PPhs) were ob-
tained by treatment of a slurry of the jodide, (h°-
CsH;)Co(I),(PPh3), with benzylmagnesium chloride
or methylmagnesium bromide in benzene (Eqn. 18).

(h®-CsHs)Co(1),(PPhs) + 2RMgX —

(hS'C5H5)R2CO(PPh3) (18)
The orange-tred complexes were isolated in about
60% yield after hydrolysis of the mixture with water.
The corresponding monoalkyl products, (h°-CsHs)-
RCo!(PPh;), were also isolated, and presumably
account for the low yields of the dialkyl complexes.
The mixed methyl-benzyl complex was prepared by
the reaction of (A%-CsHs)(CH;3)Co(I)(PPhj;) with
benzylmagnesium chloride (Eqn. 19).
(h®-CsH;5)(CH3)Co(D)(PPh;) + C¢H;CH,MgBr —>
(h*-CsHs)(CH3)(CgHsCH,)Co(PPhy)  (19)
King [32] also reported the synthesis of the dimethy!
complex by the Grignard method.

Dimethyl cobalt(Il) complexes using a series of
substituted pyridines as stabilizing ligands were
formed in situ by the reaction of CoCl,(py), with
methylmagnesium bromide in benzene [33].
However, all efforts to isolate the products resulted
in their decomposition. The complexes were charac-
terized by electron paramagnetic resonance spectro-
scopy at —130 °C but no details were given.
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The stable phosphine complex bis(tri-n-butyl-
phosphine)bis(pentafluorophenyl)cobalt(Il), (C¢Fs),-
Co(PBu3), was obtained by the reaction of penta-
fluorobenzenemagnesium bromide and cobalt(Il)
bromide in THF, followed by the addition of tri-
n-butylphosphine {34] (Eqn. 20).

THF PBuj
COBr2 + 2C5F5MgBr _— (C6F5)CO(PBU3)2
(20)

Two recent papers by Klein and Karsch describe
the synthesis of novel trimethylcobalt(IIl) [35], di-
methylcobalt(IIl) [35], and dimethylcobalt(1l) [36]
complexes of trimethylphosphine. The trimethyl-
cobalt(Il) complex, trimethyltris(trimethylphos-
phine)cobalt(IlIT) is of particular interest since it
represents the first example of a stable trialkylcobalt
complex. It is included in the di-organocobalt review
because it readily undergoes reactions with com-
pounds containing acidic hydrogens yielding the
corresponding dimethylcobalt(IIl) derivatives and
methane.

The synthesis of (CHj3)3Co(PMej); involves the
reaction in ether at —70 °C of Co(acac)s, three equi-
valents of methyllithium, and an excess of trimethyl-
phosphine [35]. After slowly warming the solution
to 20 °C the product is precipitated with pentane
(Eqn. 21). The structure of (CH3)3Co(PMe;); will be
discussed below.

PMej3

+31
Co(acac); + 3LiCH, Ez_o——)

(CH;3)3Co(PMes); + Li(acac)  (21)

The dimethylcobalt(Ill) complexes of the type
(CH3)2CO(PMC3)3X (X = Cl_, —OC6H5, _CECCGHs)
were prepared by the reaction of the trimethyl com-
plex with HCl, phenol, and phenylacetylene [35]
(Eqn. 22).

(CH3)3CO(PMC3)3 + HCl ——
(CH3)2CO(PMC3)3C1 + CH4 (223)

(CH3)3CO(PMG3)3 + C6H50H —
(CH;3),Co(PMe3)5(0OC¢Hs) + CH,  (22b)

(CH3)3CO(PM€3)3 + HCECC6H5 —
(CH3)2C0(PMC3)3(CECC6H5) + CH4 (22C)
Additional dimethylcobalt complexes were obtained
by the displacement of C1~ from (CH;3),Co(PMe,);Cl
by Br~ and I~ (Eqn. 23).
THF
(CH3)2CO(PME3)3C1 + NaBr ——
(CH3)2CO(PM33)3BI + NaCl (233)
(CHs),Co(PMes)Cl + Nal —25,
(CH3)2CO(PMC3)3I + Na(l (23b)
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The five-coordinate dimethylcobalt(Il) complex
dimethyltris(trimethylphosphine)cobalt(Il), (CHs),-
Co(PMe3),, was prepared under anaerobic conditions
in ether (=70 °C) from cobalt(II) chloride and
methyllithium in the presence of an excess of tri-
methylphosphine [36] (Eqn. 24).

Et;0,—70°C
Co(Cl, + 2CH;Li —
PMe3

(CH;),Co(PMe3); (24)

The reactions of organoaluminum compounds
with tris(acetylacetonato)cobalt(IIl)(Co(acac)s) in
the presence of w-acceptor ligands provides a very
convenient route to the preparation of cis-dialkyl
cobalt complexes. It is assumed that these alkylation
reactions proceed through stepwise exchange reac-
tions of the acac ligands of Co(acac); with the alkyl
groups of the alkylaluminum compounds resulting
in intermediate complexes having both alkyl and
acac ligands. For example, diethylbis(2,2"-bipyridine)-
cobalt(II), (C,Hs),CoM(bipy),, was prepared in 85%
yield by the reaction of Co(acac)s, bipy, and diethyl-
aluminum monoethoxide in ether at —10 °C [37].
The authors assumed a trans-complex, but that is
unlikely in view of more recent results (see below).

A similar reaction of Co(acac); with diethyl-
aluminum monoethoxide in the presence of tetrakis-
(diphenylphosphinomethyl)methane, C(CH,PPh,),,
results in the formation of an air sensitive cis-di-
ethylcobalt complex [38] (Eqn. 25).

2C(CH2PPh2)4 + 2C0(3C3C)3 + 3(C2H5)2A1(OC2H5)
— 2(C2H5)2HCO(C(CH2PPI’12)4) + 2C2H4 +
+ 3A1(3C3C)2(OC2H5) (25)

Finally, recent papers [39] describe the synthesis
and properties of a series of trivalent cis-dialkylcobalt
complexes with acac and a variety of tertiary phos-
phine ligands. These complexes were also prepared by
mixing Co(acac);, a tertiary phosphine, and the
appropriate diatkylaluminum monoethoxide reactants
in ether (Eqn. 26).

Et, 0O
Co(acac); + R,A(OC,Hs) + PR}, ———

R,Co(acac)(PR3),  (26)

The scope of the reaction is shown in structure II.
The proof of the geometrical isomer shown will be
discussed below.

3. Characterization of Di-Organocobalt Complexes

The structures and physical properties of the di-
organocobalt compounds have been established in
most cases utilizing the usual techniques of X-ray
analysis, NMR and IR spectroscopy, chemical analysis
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Ila R = CHj, PR} = PEt3

IIb R = CH3, PR3 = PPhMe,

Iic R = C,Hs, PR; = PPhMe,

Ild R= n-C3H7, PR'3 = PPhMeg

Ile R =i-C4Hg, PR} = PPhMe,

IIf R=CHj, PR = PPh,Me

Ilg R = CH;, PR} = PBug

IIh R = CD3CH;, PR} = PPhMe,

and magnetic susceptibility measurements. The
characterization of the di-organocobalt complexes
of macrocyclic and non-macrocyclic ligands will be
discussed in this section.

A. X-ray Structures

The - crystal and molecular structure of the di-
methyl compound (CHj;),Co(BDML,3pn) was deter-
mined by X-ray analysis [40]. The results confirm
the trans configuration of the methyl groups, and a
distorted octahedral geometry about the cobalt atom.
In analogy to the mono-organocobalt chelates, the
four nitrogen atoms of the macrocyclic ligand occupy
the equatorial positions and are coplanar within
experimental error. The cobalt atom is displaced only
0.029 A from the plane defined by the four nitrogen
atoms. The six-membered ring containing the cobalt
atom, imine nitrogens, and trimethylene bridge has a
flattened chair conformation. The mean value of the
four C—CHj; bond lengths (1.506 A) is in agreement
with the expected value. However, the shorter than
expected N—C (1.31 A) and C—C (1.45 A) bond
lengths indicate extensive m-delocalization in the two
five-membered rings. These N—C and C-C bond
lengths compare to mean N—C and C—C bond
lengths of 1.29 A and 1.47 A, respectively, in
RCo(dmg), complexes [41].

The two axial cobalt—carbon bond lengths in
(CH3),Co(BDML|,3pn) are equal and have a mean
value of 2.047 A. These values are typical of other
methyl cobalt chelates and are only slightly longer
than the value of 1.99 A found for the corresponding
monomethyl complex [CH;Co(BDMI,3pn)H,0]"
[42] . The N—Co—CHj; bond angles of 89.7° indicate
a nearly perpendicular orientation of the axial methyl
groups with respect to the macrocyclic ligand plane.

The molecular structure of a di-organo phosphine
complex was also determined by X-ray analysis.
Owsten and Rowe [43] confirmed the previously
assumed [30] trans-square planar geometry of di-
mesitylbis(diethylphenylphosphine)cobalt(il),
((CH;3)3C¢H,), Co(PEL,Ph),, which was based on
dipole moment and magnetic susceptibility measure-
ments. The planes of the mesityl groups are perpen-
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dicular to the plane of the complex, a consequence
of the ortho-methyl substituents. The square planar
geometry is relatively unusual in complexes of Co(II)
with monodentate ligands; it is presumably a conse-
quence of the large ligand field strength of the phos-
phines, and steric factors which force a planar confi-
guration of the ligands.

B. Nuclear Magnetic Resonance Studies

The majority of the di-organocobalt compounds
are diamagnetic Co(III) complexes, and as a con-
sequence useful NMR spectra have been obtained.
The 'H, 3!'P, and '°F spectra have been used to
characterize the structure of the complexes. We will
discuss some of the more interesting results below.

The 'H NMR spectra of (CH;),Co(BDML,3pn) and
(CH;3)(C4H)Co(BDMI,3pn) in CDCl; [44], and of
[(CHg)zCO(tlm)] BPh, and [(CH3)2CO(C]’)] BPh4 in
(CD3),S0 [22] have been reported. The spectra
confirm the presence of two axial organo groups
attached to cobalt. The high field position of these
methyl groups (0.06 to 0.36 ppm vs. TMS) is common
for dimethylcobalt complexes and reflects the well-
known electron donating capability of CHj [45, 46],
and thus the buildup of charge density on cobalt.
This effect is further demonstrated in the series
of complexes of the type (CH;)}X)Co(BDMI,3pn)
(X =1, m-FC¢H4, p-FC¢H,, C4Hs, and CH,) [44],
where the axial methyl chemical shift moves to
higher field in the order I (0.71 ppm) < m-FC¢H,4
(0.38 ppm) < p-FCcH; (0.36 ppm) < C¢Hs (0.35
ppm) < CH; (0.06 ppm). The superior o-donor
power of CH3 found in this study is in agreement
with a similar investigation of the °F NMR spectra
of para- and meta-substituted [(FC¢H,4)Co(BDMI,
3pn)X] complexes (X = CH;, FC4H,, and 1) [28].

Klein and Karsch [35] demonstrated the useful-
ness of 3P NMR spectra in the determination of the
structure of (CHj);Co(PMes); (structure III). Both

CH, CHy
Me, P CH MesP PMe
esP | tHa AN
Co Co
PARN N
MesP” | CHa MesP” | CHa
PMe, CHa

Illa, facial IIIb, meridional

the facial and meridional isomers are possible. The
facial isomer (IIIa) has three equivalent phosphorous
atoms, and should therefore produce only one peak
in the 3P NMR spectrum. The meridional isomer
(IIIb) has two equivalent phosphorous atoms and a
different third phosphorous atom. This isomer should
give rise to a doublet and a triplet of 2:1 intensity.
The spectrum actually observed consisted of a
doublet and an upfield triplet of 2:1 intensity ratio,
thus confirming the meridional structure IIIb. Un-
fortunately, the paramagnetic five-coordinate com-
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plex (CH,),Co''(PMes); could not be characterized
by 3'P or 'H NMR [36].

The 'H and P NMR spectra of the previously
discussed dialkylcobalt complexes, R,Co(acac)(PR3),
(structures Ila to I1h), confirm that these compounds
have an octahedral configuration with the two cobalt-
bonded alkyl groups cis to each other and the PR}
trans to each other [39]. The methyl protons of acac
are magnetically equivalent and appear as a singlet
from —80 to +20 °C. The protons in the two cobalt-
bonded methyl groups are also equivalent and appear
as a triplet at low temperature due to coupling with
31p, but appear as a singlet at higher temperatures
due to the dissociation of PRj. The 3P NMR spectra
of these complexes indicate that the two equivalent
phosphorous nuclei undergo exchange at room tem-
perature since the singlet observed at —70 °C
broadens considerably as the temperature is raised.

C. Infrared Studies

Infrared spectroscopy has not yet been utilized
extensively in the characterization of the di-organo-
cobalt complexes. However, the frequencies v((Co—
CH3) and 6 (Co—CH,;) have been reported for several
dimethyl complexes [35, 36, 39]. Although correla-
tion of the existing data is difficult due to the dif-
ferent matrices used, several trends are apparent.
For example, the »(Co—CH;) and 6§(Co—CHj)
frequencies are found in the regions 460479 cm™
and 1157-1161 cm™!, respectively, for the series of
complexes (CH;),Co(PMe;),X (X = CHj, Cl, Br, )
[35]. The order of increasing frequency CH; <1 <
Br < Cl was observed for ¥(Co—CHj3). Other dialkyl
complexes of the type R,Co(acac)(PRj3); show
»(Co—C) bands at a slightly higher frequency (570-
585 cm™) [39].

4. Reactions of Di-organocobalt Complexes

In contrast to the reactivity studies of the mono-
organocobalt compounds, very little is known about
the reactivity of the di-organocobalt complexes.
Generally, reactions occur with cleavage of a cobalt—
carbon bond, however simple substitution reactions
involving other ligands are also known. The discussion
of reactions will be classified according to (1) substi-
tution reactions without cobalt—carbon bond
cleavage, (2) reactions with light and heat, (3) inser-
tion reactions, (4) cobalt—carbon bond cleavage by
non-metallic electrophiles, and (5) cobalt—carbon
bond cleavage by metallic electrophiles.

A. Substitution Reactions without Cobalt—Carbon
Bond Cleavage

A few of the di-organocobalt compounds without
macrocyclic ligands undergo a variety of substitution
reactions which do not affect their cobalt—carbon
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bonds. These reactions are unknown for the di-
organo derivatives of the quadridentate ligands
BDM1,3pn, tim, and cr. This is a consequence of
the chelate effect, and of strong w-electron inter-
actions between the metal ion and the imine and
oxime nitrogens.

Ikariya and Yamamoto [39] observed that one
of the tertiary phosphine ligands in (CH,;),Co-
(acac)(PR3), (structure II) could be replaced by
pyridine or 4-picoline to give (CHj),Co(acac)-
(PR%)(py) and (CHs),Co(acac)(PR})4-pic), respec-
tively. Eqn. 27 exemplifies the reactions in which

PEt, PEty
CH 0 CH
O\ ' e 3 /N ] o3
< Ca + —_ /Cc\ + PEt, (27)
™~ NS
o/ } CH, o | CHs
PEt, B

B is py or 4-pic and PR} is PEty (structure Ila).
The two phosphine ligands were also replaced by the
bidentate ligand (bipy) to give R,Co(acac)bipy)
(Eqn. 28). The authors do not describe the necessary

R,Co(acac)PRj), + bipy — R,Co(acac)(bipy)

(28)
rearrangement of the reactant of Eqn. 27 to accom-
modate bidentate bipy. The substitution reaction of
Eqn. 27 is in agreement with the variable temperature
31P NMR spectra of the complex; the data indicate
that rapid phosphine exchange occurs at room
temperature [39].

Other complexes containing phosphine ligands
react similarly. The dimethyl complex (CHj),Co-
(PMe;);Cl reacts with excess NaX (X = Br™, I7) to
yield the corresponding bromide and iodide com-
plexes. This reaction (Eqn. 23) was discussed earlier
with respect to its synthetic utility [35]. In addition,
trimethylphosphite selectively replaces the trimethyl-
phosphine ligand which is trans to a CHj group, in
its reaction with (CHj)3;Co(PMes); (structure IIIb)
(Eqn 29). The stereospecificity of this reaction

CH; CHa
MesP_ | /PMeg (MeO)4P_ ’ /,PMea
Co + (MeO)P — Co (29)
PRI S
MesP | CH, MesP” | CHj
CH, CHy

presumably reflects the well-known ground state
trans-labilizing influence of CH; and the greater
lability to nucleophiles of Co—PMe; than Co—CH,
bonds.

B. Reactions with Light and Heat

In analogy to the mono-organocobalt complexes
cobalt—carbon bond cleavage of di-organocobalt
complexes containing macrocyclic ligands can be
induced photochemically or thermally in both the
solid state and in solution. The light sensitivity of
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[(CH3),Co(tim)]* and [(CH,3),Co(cr)}* in solution
has been observed, but details are unknown [22].In
contrast the photo- and thermal-lability of
(CH3),Co(BDM1,3pn) was studied in detail [47].

The anaerobic photolysis of (CH3),Co(BDMI,3pn)
is faster in i-C3H,OH (t;, = 16.0 min) than in
C,HsOH (t;;, = 34.5 min). These relative rates
parallel the ease of abstraction of the a-proton from
the alcohol and are explainable on that basis.
Mass spectral analysis of the alkane formed during
the anaerobic photolysis of (CDa1),Co(BDMI,3pn)
corroborates the conclusion of a free radical process
because the only observed alkane product is CD;H.
The anaerobic photolysis products, CH, and
Co'(BDMI,3pn), can be explained by the grocesses
in Eqn. 30. In Eqn. 30b the unstable CH;Co'}(BDMI,
3pn) disproportionates to the cobalt(I) analog and
the starting dimethyl complex which reacts further
with light (Eqn. 30a).

hV,N
(CHs),Co'(BDMI,3pn) ———

CH;Co' (BDMI,3pn) + CH,  (30a)

2CH;Co'(BDMI1,3pn) ——
(CH,;),Co™(BDMI,3pn) + Co'(BDM1,3pn) (30b)

Photolysis of (CH3),Co(BDMI,3pn) in the presence of
oxygen and bromide ion yields CH, and Co(BDMI,
3pn)Br,.

Several papers have been published on the thermal
decomposition reactions of dialkylcobalt complexes
of bidentate and phosphine ligands, and mechanisms
involving both the homolytic scission of cobalt—
carbon o-bonds and the B-elimination of cobalt
hydrides have been proposed [38, 39]. The latter
course has been established for the cis-diethyl com-
plex (C;Hs),Co(acac)(PPhMe,), [39] (structure IIc)
and H(C,H;s),Co((PCH,PPh;),C) [38]. On heating
these complexes in the solid state ethylene and
ethane are formed in a 1:1 ratio. The observation
that n-butane is not formed in these reactions
precludes the possibility that ethane and ethylene
are formed by the disproportionation of free ethyl
radicals since the rate constant for the coupling of
ethyl radicals is six times greater than that for their
disproportionation [48].

Further evidence supporting the contention that
ethyl radicals are not intermediates was provided from
experiments using (CD;CH,),Co(acac)(PPhMe,),
(structure IIh) [39]. The formation of CH,=CD,
and CH,DCD; in a 1:1 molar ratio upon heating is
compatible with a mechanism involving the $-elimina-
tion of a cobalt hydride and concomitant formation
of 1 equivalent of ethylene. The initial step is fol-
lowed by the reduction of a second cobalt—alkyl
bond by the hydride to yield 1 equivalent of ethane.
In addition, the solution thermolysis of (CD3CH,),-
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Co(acac)(PPhMe,), (structure ITh) gave appreciable
quantities of cis- and ¢rans-C,H,D,, C,HD; and
C,H;D. These products are the result of a H-D
scrambling process, and can be accounted for by the
reversible elimination, ethylene-insertion process
shown in Eqn. 31.

PPhMe, PPhMe o PPhMe »
0 CH,CH 0 | CH_CH 0 | H
N N N
/o\ _ Co pp—
0" ! owc, 07 “eHoH, o/I H

PPhMe, CHz=CH,

——= CH,CHy + CH=CH;

C. Insertion Reactions

Relatively few insertion reactions involving the
Co—C bond of di-organocobalt complexes are known.
Solutions of (CHj3),Co(PMe;); absorb carbon
monoxide at 20 °C to form acetone and diamagnetic
Co{0) dimers of the composition [Co{CO),(PMe3),],
[36]. The formation of intermediate o-acetyl
cobalt(Il) complexes followed by the reductive
elimination of acetone was assumed (Eqn. 32).

—78°C,CO
(CH;3);Co"(PMe3); —————>
PMe3

(CHC0)Co¥(CO),(PMes), +
+ [Co%(CO),(PMe3),], + (CH3),CO  (32a)
(CH,C0)Col(CO),(PMes); —Ss
[Co®(CO),(PMe3),], + (CH;3),CO  (32b)

The same dimethyl complex reacts with NO at low
temperature to form (CHj;),Co(NO)(PMe;), which
rearranges via NO insertion into a Co—C o-bond to
give [CH3Co(CH3;NO)(PMe,),], at 15 °C (Eqn. 33).

—30 C
(CH;),Co(PMe;); + NO ——
(CH5),Co(NO)(PMe,), + PMe;  (33a)

[

15°C
2(CH3)2 CO(NO)(PMC 3)2 E—

[CH;Co(CH,NO)(PMe5),1,  (33b)

NMR spectra of the dimer suggest a structure con-
taining two bridging CH3NO groups.

The dialkyl complexes R,Co(acac)(PR3), (struc-
ture II) react with carbon monoxide to yield the cor-
responding dialkyl ketones and Co'(acac)(CO),(PR3%)
[39] (Eqn. 34). Carbon monoxide insertion into one

R,CoM(acac)(PR}), ——C—o-,—->

—PRj3
R,Co(acacCO)PRS) —=>
R(RCO)Co(acac)(COYPRY) —2—

Co'(acac)(CO),(PR3) + R,CO  (34)
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of the alkylcobalt bonds followed by reductive
elimination of the ketone was assumed.

Finally, in support of the foregoing conclusions
the trimethylcomplex (CH;)3Co(PMej), reacts with 4
equivalents of carbon monoxide to form the stable
acetyl cobalt(I) complex (CH3CO)Co'(CO),(PMes),
and acetone [35] (Eqn. 35).

Me3j

(CH;);Co(PMe;); +4CO _PMes,
(CH3CO)Co(CO),(PMe3), + (CH;3),CO  (395)

D. Reactions with Non-metallic Electrophiles

Electrophilic reagents that induce cleavage of
cobalt—carbon bonds in di-organocobalt complexes
include halogen molecules, protonic acids, and a
variety of metal ions. In this section we will discuss
the halogens and the protonic acids electrophiles;
we will describe metal ion electrophiles in the next
section.

The reactions of halogens with RR'Co(BDMI,3pn)
(R = R' = CHj, C¢Hs; RR' = (CH;)(C6Hs), (C,Hs)-
(Cs¢Hs)) in CHCl; have been discussed [49]. The
dealkylation (or dearylation) reactions of these com-
plexes with I, are interesting since the reactions occur
with two different stoichiometries depending upon
the I,/complex molar ratio. These 1:1 and 2:1 reac-
tions, exemplified by the dimethyl derivative, are
shown in Eqns. 36 and 37, respectively.

(CH;),Co(BDM1,3pn) + 1, ——
CH,;Co(BDML,3pn)l + CH31  (36)

(CH3)2CO(BDM1,3PH) + 212 e
Co(BDM13pn)l, + 2CHsI  (37)

Information about the mechanism of these reac-
tions was obtained using the polar ICl molecule in
place of I,. When RR'Co(BDM!,3pn) (R = R’ =
CHj, C¢Hs; RR' = (CH3)(C6Hs), (CoHs)(CgHs)) was
treated with ICl in the molar ratio ICl/complex = 1,
the products shown in Eqn. 38 were observed.

RR'Co(BDMI,3pn) + ICl —>
RI+R'Co(BDM1,3pn)CI  (38)
The exclusive formation of RI in preference to RCl
was interpreted in terms of an electrophilic attack
at carbon by the electropositive I" species. Further-
more, the reactions of R(CgHs)Co(BDMI,3pn)

(R = CHj;, C,H;) with ICl show that the alkyl
group is more reactive than phenyl (Eqn. 39).

R(C¢Hs)Co(BDM1,3pn) + ICl —
(C¢Hs)Co(BDML,3pn)C1 + Rl (39)
The preference for the alkyl substituent in the reac-
tions of the unsymmetrical complexes was not ex-

pected since similar reactions involving the unsym-
metrical organomercurials and iodine gave the
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opposite result [SO]. In addition, this behavior
appears to be in contrast to kinetic data for the reac-
tions of R,Co(BDMI,3pn) with C¢HsHg" [27] and
[RCo(BDM],3pn)]* with Hg®* [51], where the
phenyl derivatives react faster than the methyl deri-
vatives. This anomaly has not been explained satis-
factorily and more data is needed.

The manner in which divalent dialkylcobalt com-
plexes react with halogens appears to be governed
in some respects by the coordination number of the
complex, and the nature of the non-alkyl ligands.
For example, the five-coordinate complexes (CHj),-
Co''(PMe;); are rapidly oxidized by iodine or
bromine to give the corresponding dimethylcobalt(III)
halides (Eqn. 40), without cleavage of a cobalt—carbon

2(CH;),Co''(PMe;); + X, —>
2(CH3),Co™X(PMe;);  (40)

bond [36]. The octahedral complex (C,Hs),Co'l-
(bipy),, in contrast, reacts with iodine to give the
corresponding iodocomplex, and, presumably, ethyl
iodide [37] (Eqn. 41).

(C,Hs),Co™ (bipy), + 21, — Co'l(bipy),I, (41)

Nearly all of the di-organocobalt complexes dis-
cussed in this review are susceptible to electrophilic
attack by H30". These reactions invariably lead to
cleavage of at least one cobalt—carbon bond, in con-
trast to the essentially unreactive mono-organocobalt
chelates. The increased reactivity observed for the di-
organocobalt compounds is presumably a manifesta-
tion of the increased electron density on cobalt which
activates the alkyl ligands for electrophilic attack.

Costa and co-workers [52, 53] first reported the
reaction of (CH;),Co(BDMI,3pn) with H;0". The
products CH, and [CH;Co(BDMIl,3pn)]" were
identified, but no information regarding the stoichio-
metry or rate of this reaction was reported. Subse-
quent titration data [25, 54] indicate that the reac-
tion occurs with the indicated 1:1 stoichiometry
(Eqn. 42) and proceeds to completion.

(CH;),Co(BDM1,3pn) + H;0" —
CH,4 + [CH3Co(BDM1,3pn)(H,0)]*  (42)

Kinetic studies [25, 27] on the reaction of (CHj;),-
Co(BDMI,3pn) with excess H;0" show a first-order
dependence on the concentration of the dimethyl
complex and [H3;0%]. The second-order rate con-
stants show a small solvent dependence and are
greater than those determined for [(CHs),Co(tim)]*
by a factor of about 15. The slower rate observed for
the positively charged [(CH3),Co(tim)]” complex
compared to the neutral (CH;),Co(BDMI,3pn) com-
plex reflects the expected electrostatic repulsion
between the two positively-charged reactants.

Klein and Karsch [36] reported that weakly
acidic alcohols ROH (R = CHj;, C4H;s) cleave both
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cobalt-carbon bonds of (CH;), " Co(PMe,); with the
liberation of two equivalents of methane (Eqn. 43).

(CH,),Co''(PMes); + 2ROH —>
2CH, + Co(OR), +3PMe;  (43)

These reactions presumably occur in a step-wise
fashion since the 1:1 reaction resulted in isolable
monomethyl complexes of the composition [(CH,)-
Co(PMe3),0R] ; (Eqn. 44).

2(CHs),Co(PMes); + 2ROH —

i
0

/N
(PMC3)2(CH3)CO\ /CO(CH3)(PMC3)2 + CH4 +PMC3

¥
R
(44)

These intermediates are unstable in solutions con-
taining excess ROH however, and decompose further
yielding the products shown in Eqn. 43. An excep-
tion is the 1:1 reaction of (CH3),Co(PMe;); with
Hacac which gives the more stable (CH;)Co(acac)-
(PMe;), compound (Egn. 45).

(CH3)2CO(PMC3)2 + Hacac —
(CH;)Co(acac)(PMej), + CHy + PMe;  (45)

The divalent complex (C,Hs),Col(bipy), also reacts
with weak acids such as water and alcohol to cleave
both cobalt—carbon bonds [37].

The trimethyl complex (CH3)3Co(PMey); (struc-
ture IIIb) reacts with acids to yield from 1 to 3
equivalents of methane [35]. Treatment of this
complex with a variety of protic acids in the molar
ratio acid/complex = 1 results in the loss of one of
the trans methyl groups, and leads to the forma-
tion of dimethylcobalt(III) complexes (Eqn. 46).

CH X

3
Me, P PMe Me, P PMe
SN P2 N P2
Co + HX —— CH, + /Co\
N
Me,P I CH, Me P ‘ CH, (46)
CHy CHy

(X =Cl7 CeHg05 CgHgCuCT)

The remaining methyl groups react further with
excess acid to form an additional two equivalents
of methane. The enhanced reactivity of zrans methyl
groups seen in the 1:1 reactions is once again entirely
consistent with the well known trans labilizing in-
fluence of CH;.

E. Reactions with Metallic Electrophiles
In contrast to the mono-organocobalt compounds,
the reactions of metal electrophiles with di-organo-
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cobalt complexes remain relatively unstudied. Two
papers describe the alkyl and aryl transfer reactions
of RyCo(BDM1,3pn), [R,Co(tim)] * and [R,Co(cr)] *
with Hg*" and C¢HsHg" [27, 55]. One group [55]
studied the reactions of (CH;),Co(BDMI,3pn) with
HgCl, in acetonitrile. In the presence of excess Hg?
a two step reaction was observed which resulted in
the transfer of both methyl groups to mercury
(Eqns. 47 and 48). In the presence of excess complex
a third reaction was observed (Eqn. 49).

(CH5),Co(BDMI,3pn) + Hg?* 22,
[CH3Co(BDM1,3pn)] * + CH;Hg"  (47)

[CH,Co(BDMI,3pn)] * + Hg?* 2%
Co™(BDMI,3pn)?* + CH;Hg*  (48)

(CH3)2CO(BDM1,3PI‘1) + CH3Hg+ —_
[CH;Co(BDM1,3pn)] * + (CH3),Hg  (49)

Reaction 49 also occurs with C¢HsHg" and with
(C6H5)2CO(BDM1,3PH) or (C6H5CH2)2CO(BDM1,3PD)
as donors.

Espenson et al. [27] published the results of a
kinetic study on the reactions of R,Co(BDMI,3pn),
(R,Co(tim)]* and [R,Co(cr)]* with C¢HsHg® (R =
CH;, C,Hs, C¢Hs, n-C3H,). These reactions were
very fast in 1:1 THF-H,0, and in fact when R =
CeHs, C,H; and n-C3H, the reactions were too rapid
for the stopped-flow technique.

For (CH,),Co(BDM1,3pn), [(CH3),Co(tim)] " and
[(CH3);Co(cr)] * the reactions with CHsHg" follow
a second-order rate expression supporting a mecha-
nism in which there is a direct transfer of a methyl
carbanion in a transition state formed by the bio-
molecular interaction of the dimethyl complex and
C¢HsHg'. The second-order rate constants followed
the order: (CH;),Co(BDMl,3pn) (2 X 10° M™!
sec™) > [(CH3),Co(cr)]™ (2.1 X 10° M™! sec™?)
> [(CH,3),Co(tim)]* (1.3 X 105 M™! sec™). The
slower rates observed for [(CHj3),Co(tim)]* and
[(CH5),Co(cr)]* relative to (CHj),Co(BDMI,3pn)
are consistent with their positive charge, and there-
fore lower reactivity toward electrophilic reagents.

Witman and Weber [54] studied the reactivity and
kinetics of the reactions of (CH;),Co(BDMI,3pn)
with Zn?*, Cd?*, and Pb?*. In the presence of a 1:1
complex/M?* ratio or excess metal ion (M?*) the
products shown in Eqn. 50 are observed.

(CH3),Co(BDMI,3pn) + M* —
[CH;Co(BDMI,3pn)] * + CH;M*  (50)

The unstable CH3;M" products slowly decompose by
reacting with the i-C3H,OH solvent (Egn. 51).

CH;M" +i-C3H,0H — CH, + M(i-OC;H,)" (51)

The kinetics of the very fast reactions with excess
Cd?** and Zn? were studied and the mechanism
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determined (Eqn. 52).
K
(CH,;),Co(BDMI,3pn) + M?*

M?*+(CH;),Co(BDMI,3pn)  (52a)
k
M?*+(CH;),Co(BDMI,3pn) ——>
solvent
[CH;Co(BDM1,3pn)(solv)] "+ CH;M®  (52b)

The kinetic data for M?* (K, k,) are: Zn?* (3.8 X
10° M1, 3.8 X 10% sec™) and Cd** (10.6 X 10°
M™,4.0X 10%sec™).

The reactions of excess (CH;),Co(BDMI,3pn)
with Zn**, Cd*, and Pb®" are in agreement with
Eqn. 53 [56]. The very reactive (CHj3),M is de-

fast
(CHs),Co(BDMI,3pn) + M?* —

[CH;Co(BDM1,3pn)] * + CHM®  (53a)
slow
(CH3),Co(BDMI,3pn) + CH;M' ——>
[CH,Co(BDMI,3pn)] * + (CH3),M  (53b)

composed by the i-C3H,OH solvent with the forma-
tion of methane. The chemistry of Eqn. 53 was
demonstrated by a variety of techniques including
spectrophotometric titration, rates of (CH,),Co-
(BDM1,3pn) decomposition, and the rates of CH,
evolution from the decomposition of (CHj),M.

Additional examples of reactions of di-organo-
cobalt complexes with metal electrophiles include
the reactions of (CH3),Co(BDMI,3pn) with Ag" to
form Ag® and C,Hg [25, 33]. A recent example
is the reaction of (CHj),Co(acac)(PPhMe,), (struc-
ture IIb) with Hg?* to form (CH,),Hg [39].

Costa and co-workers [53] first reported the
reactions of methyl transfer from (CH;),Co(BDMI,
3pn) to [Co'™(chel)(H,0),]* (chel = acacen, salen,
saloph, and 7,7'-(CHs),salen) (Eqn. 54).

(CH5),Co(BDMI,3pn) + [Co™(chel)(H,0),]"
—— [CH3Co(BDM1,3pn)] * + CH;Co(chel)H,0

(54)

These reactions are analogous to the methyl-transfer
reactions to Hg?* and RHg" described above since
they also occur by an Sg: mechanism. Other dialkyl
complexes show that this behavior includes [(CHj),-
Co(tim)] * and [(CH,),Co(Cr)]" [27]. The fact that
the same second-order rate constants are observed
for the reactions of the latter two complexes with a
given diaquo-cobalt chelate suggests that the rate
of methy!l transfer is controlled by the rate of
Co-H,0 substitution in the [Co(chel)(H,0),]"
complexes.
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