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Abstract Easy and convenient synthesis of crystalline
cobalt-nanoparticles by a seed mediated growth method
with cetyltrimethylammonium bromide used as surfactant,
KI as an additive and ascorbic acid as reductant; this syn-
thesized Co-nanoparticle are characterized by XRD and
TEM analysis, and is used as a coupling catalyst for alkenes
with aryl halides in the presence of a base. The yield of the
catalyzed product and the method has many advantages
such as affordable and ligand-free condition. Hence overall
reaction is augmented to the Heck coupling reaction.

Keywords Cobalt-nanoparticles (Co-NPs) - Seed-
mediated method - Heck reaction - Low-cost catalyst -
Ligand-free condition

1 Introduction

Nanoparticles and catalysis are the most thought-provoking
combination for the construction of organic molecules.
The scope and limitations of organo-metallic catalyst have
been well investigated yet. A number of questions become
spasmodic, like morphology of the catalyst, controlling
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of the size and shape of the catalyst and available active
surface of the catalyst in solution. Concerning this ques-
tion, recently nano-catalyst approach was developed [1].
The metal-nanoparticles in the ultra-fine state have been
prepared using various methods [2-9] such as chemical
reduction, chemical liquid deposition, thermal decompo-
sition, photochemical reduction, radiolysis etc. However
in many cases, reproducibility and size of the synthesised
particles is not satisfactory; because as many workers sug-
gested there are uncertainty of formation of nucleation cen-
tres in the reaction medium. Since seed mediated growth
method is a very advantageous way to push back this ther-
modynamic limit. This seed mediated growth method was
initially developed by Murphy et al. [10, 11] and Nikoo-
bakht and El-Sayed [12] In recent years, many researchers
reported that in order to obtain a specific size, shape and
aspect ratio (AR), by using different modified seed-medi-
ated growth processes have been adopted for the synthesis
of many gold nanoparticles, some palladium nanoparticles
and bimetallic core shell nanoparticles have been reported
by various researchers [13—15]. The detailed literature sur-
vey showed many macro size cobalt catalysed Heck reac-
tions are reported but a very limited number of researchers
reported nano sized cobalt catalyst and also many of them
in-situ generation of nanocobalt which catalyse Heck reac-
tion and need not particularly controlling the size, shape
and aseptic ratio.

The Heck reaction is a well-established method for
organic synthesis [16-28]. Applications of this reaction
used in many area, including the synthesis of natural prod-
ucts having high-performance organic molecules [29-31]
and in fine chemicals, syntheses [32-34] aryl halides usu-
ally reacted with alkenes in the presence of palladium and a
adequate base. Generally, phosphine palladium complexes
are the methodical catalysts for the Heck reaction, in which
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phosphine plays a vital role of stabilizer and prevents the
formation of inactive palladium sites [35, 36], subsequently
the major drawback with these phosphine—palladium cata-
lysts are that the most of the phosphine derived ligands
are highly expensive, toxic and unstable in air and mois-
ture-sensitive. To overcome this problem enormous effort
had been made to synthesize a new non-phosphine based
catalyst like palladacycles [37, 38] N-heterocyclic carbine
palladium catalysts [39—43], macrocyclic recoverable tri-
olefin complex [44]. Along with this, a large number of
heterogeneous palladium nanocatalyst supported with silica
[45], zeolites [46], carbon nanotubes [47], graphite oxide,
graphene [48] and polymers [16], are used as a heteroge-
neous catalyst wherein effective recovery of the catalyst
was reported [24]. In these, the progress of Heck reaction
is veering on the basis of halogen atom, i.e., chlorine is
less reactive when compared with bromine and iodine, in
some cases chlorine gives a good result under a palladium
catalyst when bulky phosphine ligands or carbenes are used
[49-51] (Fig. D).

The literature survey showed that a few cobalt (II) cata-
lyzed Heck reaction protocol are also used bulky phosphine
ligands [52, 53] or an electrochemical method [54, 55], a
five Co hallow nano spheres and bimetallic PdCo hollow
nano spheres are used as a catalyst for Heck reaction and
Sonogashira reaction [56, 57]. Furthermore, silica sup-
ported cobalt catalyzed Heck reaction is reported, in which
recovery of catalyst are excellent [58]. In this context in our
previous work we reported ligand stabilized heterogene-
ous palladium nanocomposite for catalysing Heck reaction
[59]. In continuation of the previous work herein we report
the synthesis of low cost, ligand free cobalt nanoparticles
by seed mediated growth method, in which controlling of
the size, shape and morphology are very good and avail-
ability of active surface in a solution medium is increased
because of the smaller the clusters of atoms, higher, the
percentage of atoms on the surface. This synthesized cobalt

Co !l (dmgH): py =\ CoCl; (dpph) R
—\ ¢ R_X —>\:\
Ar A
R [

Rl +=\
O A

(dpph) [ Co (acac)s

OH OH
R)\/\vph ¥ K(\/Ph
R

Fig. 1 Synthesis of Heck reaction product by using various Co cata-
lysts
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nanoparticles are very cheap when compared to the palla-
dium and also well screening of their catalytic activity with
respect to Heck reaction. In this paper detailed account
of the work leading to optimization of heck reaction with
respect to different organic solvents, base, temperature and
Co-NPs loading have also been presented.

2 Materials and methods
2.1 General experiments

Cobalt chloride hexahydrate (CoCl,-6H,0), cetyltrimeth-
ylammonium bromide (CTAB), ascorbic acid, potassium
iodide, doubly distilled water was used throughout the
experiments. allylacetates, arylhalides, HPLC grade chlo-
roform, and dichloromethane were procured from Sigma-
Aldrich (INDIA), Himedia (INDIA), Lobo Chemicals
(INDIA) (Commercially available from local sources) were
used as received without further purification. Freshly dis-
tilled solvents were employed for all synthetic purposes.
Spectroscopic grade solvents were employed for spectral
works. All other chemicals were of AR grade. The progress
of every coupling reaction was monitored by thin layer
chromatography (TLC). Yield refers to isolated yield after
column chromatographic purification of compounds that
have a purity of >95%. The product of Heck reactions were
authenticated by matching spectroscopic data of the newly
synthesised products with those reported in the literature.

2.1.1 Instrumentation

'H and '3C NMR spectra are recorded on a INM-ECS-400
NMR spectrometer at 399.78 and 75.03 MHz, respectively
with chemical shifts reported in ppm relative to the residual
deuterated solvent or the internal standard tetramethylsi-
lane. Transition electron microscopy (TEM) and selected
area electron diffraction (SAED) studies were performed
on a Jeol/JEM 2100 operated at 200 KV. X-ray diffraction
(XRD) samples were prepared by evaporating a drop of
nanocrystal solution onto a glass substrate; XRD data were
collected using Bruker D8 ADVANCE X-ray diffractom-
eter (CuK radiation) operated at 40 kV and 40 mA over a
range of 30-90° by step scanning with a step size of 0.048°
at room temperature. Melting point as determined in an
electrically heated apparatus by taking the sample in a glass
capillary sealed at one end.

2.2 Synthesis of cobalt nanoparticles
A 10 mM H,CoCl, solution was prepared by dissolving

0.1773 g of CoCl, in 10 mL of 0.2 M HCl solution and fur-
ther diluting to 100 mL with doubly distilled water.
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2.2.1 Synthesis of small cobalt nano seeds

In a typical synthesis, a 1 mL aliquot of 10 mM H,CoCl,
solution was added to 20 mL of 12.5 mM CTAB solu-
tion heated at 95 °C under stirring. After 5 min, 160 pL of
freshly prepared 100 mM ascorbic acid solution was added,
and the reaction was allowed to proceed for 20 min. The
nano seed solution was stored at 30°C for future use as
seeds.

2.2.2 Seed mediate growth of cobalt nano crystals

In a typical synthesis, a 25 pL of KI solutions were added
to 5 mL of 100 mM CTAB solution kept at 80 °C temper-
ature. To the above solution a 125 pL portion of 10 mM
H,CoCl, solution and 40 pL of the newly synthesized
cobalt nano-seed solution were added. Finally, 50 pL of
freshly prepared 100 mM ascorbic acid solution was added,
and the solution was mixed thoroughly. The resulting solu-
tion was placed on a water bath at 80°C for about 1 h. The

Table 1 Pd NCs catalyzed

Heck reaction of different aryl
halide 1a with allyl acetate 2a

Entry la 2a Time (h) | Yield of 3a (%)°
Air N, Air N,
o)
O s s
(laa) (2aao)
o)
2 @' = = | s | 7] 90 | 9
(1aa) (2%(3 (3aa)
o)
3 O = )= | s | 7] s | %
(1ab) (233 (3ab)
| o)
4 ©i = )— 8 6 80 83
o (3ac)
(lac) (2aa)
o)
5 /O@' = = s | 1| 15| W
(1 ad) (2aao) (3ad)
o)
6 one <:> | = }/-7 8 8 70 73
(lae) o (3ae)
(2aa)
7 o)
Ar@' = )= 6 | 5 68 72
0o (3af)
(1af) (2aa)
8 o)
F@' =/ J— | 6 | s | e | e
(lag) (233 (3ag)
O |
F I = 7 6 58 67
F o (3ah)
(1ah) (2aa)
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Table 1 (continued) 10 I (0]
=/ 7 6 85 88
O (3ai)
(1ai) (2aa)
11 o)
@ | /)/ \g/ 6 5 70 73
(1aa) at) (3a))
o v
12 @' =/ ) 8§ | 8 | 75 78
(laa) ( 2;2) (3ak)
o)
13 oHc <:> =/ A 8 7 70 74
(@) (3al)
(1ae) (2ad)
14 )
@Br = 0}7 6 5 66 70
(1a) e (3am)
15 o)
OBF = 0}7 6 5 70 69
(1ak) e (3an)
16 o)
/O_Q’Br = )= 6 5 64 66
(1.’:11) (2 O) (330)
aa
17 Br o)
= )= 6 5 7 69
(@) (3ap)
(lam) (2aa)
18 o)
Ar@Br = )= |6 | s | 10 | @
(1an) o (3aq)
(2aa)

#Reaction conditions: K,CO; (138.25 mg, 1.0 mmol) Nano Co (6.8 mg, 0.1 mmol) and NMP (2.5 mL)
was added 1a (61 mg, 0.5 mmol) and 2a (100 mg, 1.0 mmol, 2.0 eq.) at 120°C under N, and air

"Isolated yield

reaction was stopped by centrifugation (6000 rpm, 10 min).
The precipitate was re-dispersed in doubly distilled water
and subsequently, two more centrifugation (6000 rpm,
10 min) were applied to the samples for transmission elec-
tron microscope (TEM) and XRD characterization.

2.3 General procedure for Heck reaction

To the mixture of K,CO; (138.25 mg, 1.0 mmol), cobalt
nano-catalyst (6.8 mg, 0.1 mmol), TBAB (161.18 mg,

@ Springer

0.5 mmol) and NMP (5 mL) was added arylhalide 3a (78 mg,
0.5 mmol) and allylacetate 4a (100 mg, 1.0 mmol, 2.0 eq.)
subsequently. The reaction mixture was vigorously stirred
under air or N, atmosphere at 120°C for an appropriate time
(see Table 1) the progress of the reaction was monitored by
TLC, after cooling to room temperature the excess of solvent
removed and concentrating in vacuum, the remaining solu-
tion was centrifuged filtered and the precipitate was washed
three time with dichloromethane (5 mL X3 times). The three
times extracted solutions were combined and washed with
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water for three times. The crude product was purified by
chromatography on a short silica gel (eluent: petroleum ether/
ethyl acetate=20:1) to afford 80 mg (91%) of crude product
3aa. 'H NMR (CDCl;, 399.7 MHz): §=7.41-7.24 (m, 5 H),
6.68 (d, J/=15.6 Hz, 1 H), 6.34 (dt, J=15.6, 6.3 Hz, 1 H),
4.74 (d, J=6.3 Hz, 2 H), 2.10 (s, 3 H). '*C NMR (CDCl,,
754 MHz): 6=170.9, 136.2, 134.2, 128.6, 128.1, 126.6,
123.1, 65.0, 20.8.

3 Result and discussion
3.1 Characterization of cobalt nanoparticles

In this study the seed-mediated growth method is used,
first small cobalt nano seeds were synthesized through
a one-step reduction and then employed as seeds for the
seed mediated growth procedure. The cobalt nano-seeds
were subsequently grown into nanocrystals in growth
solutions containing cetyltrimethylammonium bromide
(CTAB), dihydrogentetrachlorocobaltate(Il) (H,CoCl,),
potassium iodide (KI) and ascorbic acid (AA), through
manipulation of the concentration of KI and the reac-
tion temperature overall process were controlled. The
seed mediated growth mechanism suggested a two-step
process, i.e. nucleation and after that successive growth
of the particles. In the first step, metal ions in solution is
reduced by L-ascorbic acid in seed solution and act as a
small metal cluster this metal cluster further act as a tiny
nucleation centre in growth solution.

The phase structure and purity of the synthesized sam-
ple were analysed by powder XRD. The XRD results
confirm a complex composition of nanoparticles is shown
in Fig. 2.

Here we observed five diffraction peaks and there
20 values at 44.2°, 51.5°, 73.8°, 92° and 97.1° can be
indexed to the (111), (200), (220), (311), and (222) crys-
tal faces is fcc Co nanoparticles subsequently, it matches
with literature JCPDS standard card (#01-1259) the XRD
pattern is clearly illustrated that (200) peak was slightly
broadened than other diffraction peaks this is most likely
due to the formation of stacking faults, leading to ener-
getically growth along the b-axis, indicating that the syn-
thesized nanoparticles might be in the spherical shape
rather than other shapes. The XRD diffractogram con-
firmed the formation of cobalt nanoparticles with spheri-
cal shape fcc crystal structure, which is also consistence
with the earlier reports. The particle size of Co-nanopar-
ticles as calculated from (111) plane using Scherrer for-
mula is found to be about 25 nm. This shows that Co is
present in PVA matrix as nanoparticles.

In order to further characterize the samples, energy-
dispersive spectrometry (EDX, Fig. 3), show that cobalt
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Fig. 2 PXRD diffraction of Co NCs

metal atom is associated with CTAB and also revealed
that the hollow spheres of Co nanoparticle composed of
the minor amount of carbon, oxygen and bromine, which
came from the ascorbic acid and CTAB respectively.

The Fig. 4a, a; show the typical TEM image of Co nan-
oparticle in a seed solution and Fig. 4b, b, show the Co
nanoparticle after the growth which is conformed that the
cobalt nanoparticles are having irregular spherical struc-
ture, it clearly indicate that where there is a strong con-
trast difference in all the circles with an ample dark center
surrounded by nadir dark edge, confirming their spherical
architecture. The average diameter of the spherical struc-
ture is about 15-20 nm, showing relatively narrow size
distribution. The enlarged image of an individual sphere
is presented in Fig. 4a (inset), which all indicates that the
spherical shape of the Co nanoparticle. The unchanged
contrast difference between the center and edge in the
TEM image of one sphere obtained when the sample grid
is rotated by different degrees further proves their spherical
structure. The overall result of cobalt nanoparticle showed

Fig. 3 EDX diffraction of Co NCs
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Fig. 4 High-magnification and low-magnification (inser) TEM image for Co nano particles in seed solution (a, a,) with particle size distribution
(a,) and high-magnification of Co nano particles after growth (b, b;) with particle size distribution (b,)

that in seed solution, mean diameter is about 2—4 nm and
after growth average size of Co nanoparticle is about
10-20 nm with highly uniform size distribution, it is clearly
showed that CTAB serves as a excellent capping agent and
provide good stability at nano-sized cobalt metal atom.

3.2 Catalytic activity study

In the past few years, we have devoted much of our atten-
tion to this field. Herein, we wish to report that a cobalt-
based catalyst also have ability to form C—C bonds in a
commercial methodical manner. The nano-cobalt catalyzed
Heck-type arylation of allyl acetate with derived arylhal-
ides in presence of a base is summarized in Table 1. In all
these cases, reactions conducted under air and nitrogen
atmosphere. In coupling reactions we have used, electron-
donating, electron-neutral and electron-withdrawing, sub-
stituents connected at ortho, meta and para position of aryl-
halides (Scheme 1).

The initial goal was to optimize reaction conditions,
since in previous studies of C—C and C-hetero atom cou-
pling reactions, N-methyl-2-pyrrolidone (NMP) and potas-
sium carbonate were found to be a preferred solvent and

@ Springer

base respectively, we used these conditions first. In the
preliminary reaction we have used nano-Co (10 mol%) as a
catalyst subsequently with K,CO; as base for the coupling
of 1 equivalent bromobenzene (3aa) with 2 equivalent of
allyl acetate (4aa) in NMP solvent at 120 °C under air and
N, atmosphere. After 8 h, the coupling reaction provided
90 and 92% yield respectively (entry 2, Table 1), similar
reactions were conducted at same experimental condition
in the absence of nano-cobalt catalyst did not yield any
coupling reaction (entry 1, Table 1).

A series of solvents, such as triethylamine (Et;N),
isobutyronitrile, dimethylformamide (DMF), acetonitrile
(MeCN), toluene, acetone and tetrahydrofuran (THF),
were used, but it was found that they were less effective
than NMP (Table 2). The yield was reduced to 20% when
Et;N was used as the base as well as the medium (entry 3,
Table 2). In isobutyronitrile solvent, reactivity was slightly
sluggish (entry 2, Table 2). The yield of 5a was suddenly
reduced to 20% when Et;N was used as a base (entry
3, Table 3). It has been found that CH;COONa, NEt;,
NaHCO;, KOH, and NaOH displayed less efficient, among
these inorganic bases, K,CO; gave quantitative results for
the coupling reaction (entries 1, Table 3) hence NMP and



J Porous Mater (2017) 24:1095-1103

1101

Scheme 1 Nano Co catalyzed
Heck reaction

1(a-l)
Table 2 Optimization of the solvent
Entry Solvent Yield®
1 NMP 90, 95*
2 n-PrCN 82, 852
3 MeCN 63, 67°
4 acetone 59
5 MeOH Trace
6 Ethanol >20
7 Dioxane >20
8 Toluene 60
9 THF 58
10 MeOH/H20 (6:4)* 55, >30*
11 EtOH/H,0 (6:4)* 61, >57*
12 DMF 70
13 DMSO 73

Reaction conditions: K,CO5 (138.25 mg, 1.0 mmol, 2.0 eq.) Nano
Co (6.8 mg, 0.1 mmol), TBAB (161.18 mg, 0.5 mmol) and Solvent
(2.5 mL) was added iodobenzene 1a (61 mg, 0.5 mmol) and allyl ace-
tate 2a (100 mg, 1.0 mmol, 2.0 eq.) at 120 °C under N,

#Under N, and air

"solated yield

Table 3 Optimization of the base with selective solvent

Entry Solvent Base Yield®

1 NMP K,CO;* 90, 88*
2 NMP CH;COONa* 86, 73%
3 NMP NEt;* >20

4 NMP NaHCO;* 65, 67°
5 NMP KOH? 70, >30%
6 NMP NaOH* 65, >30%
7 n-PrCN K,CO;,4 82

8 MeCN K,CO; >63

9 n-PrCN CH,;COONa 68

Reaction conditions: Base (138.25 mg, 1.0 mmol, 2.0 eq.) Nano
Co (6.8 mg, 0.1 mmol), TBAB (161.18 mg, 0.5 mmol) and Solvent
(2.5 mL) was added iodobenzene laa (61 mg, 0.5 mmol) and allyl
acetate 2aa (100 mg, 1.0 mmol, 2.0 eq.) at 120 °C under N,

2Under N, and air

*Isolated yield

K,CO; was found to be an extremely efficient combination
for heck reaction. It is noteworthy that the identical results
are observed under air and nitrogen atmosphere. To find-
ing the influence of the amount of the loaded catalyst on

Nano Co, K,CO5

R R1
R ) ooy > Oyo)_\\_@R
2 NMP, 120 °C, Air/ N, R, \_/

3(a-q)

the product yield, the reaction performed under the same
experimental condition and deferent amount of the cata-
lyst loaded it was found that loading of 0.5 mmol/L cata-
lyst give below 50% yield on the other hand extremely low
quantity say 0.001 mmol/L produced a moderately good
yield therefore an intermediate quantity say 0.01 mmol/L
of the catalyst produced very high yield (entries 2, Table 4).
Typically exhalent yield observed under N, atmosphere
than under air which leads to variation of 5-10% yield in
most of the reactions (Table 1). With optimized reaction
conditions, we have probed the scope of allyl acetate with
different aryl halide employing 2% mol of nanocobalt cata-
lyst in NMP at 120 °C under N, atmosphere.

The scope of both ally lactates and aryl halides was
explored for the arylation reaction under the standard con-
ditions (Table 2). A variety of aryl halides (la—e) were
first examined by reacting with allyl acetate (2a) (entries
1-10, Table 2). The results indicated that both electron-
rich and electron-deficient aryl iodides were suitable for
the arylation reaction, but aryl bromides had lesser activ-
ity. For example, aryl bromide (1aj), p-methyl aryl bro-
mide (lak), p-methoxy aryl bromide (lal) reacts with
allyl acetate under standard condition, furnishes the aryla-
tion product 3am, 3an, 3ao but they were slightly shifted
towards lesser yield. It was interesting to perceive that the
reaction between iodobenzene substituted by methyl group
at para position as well as ortho position and allylacetate
which give exceptional yields (entries 3 and 4), but it gives
small variation in the product yield. Ortho-substituted
iodobenzene gives quite lesser yield compared with para-
substituted iodobenzene hence; we deduced that little steric
factor comes into play. In particular, 4-iodobenzaldehyde

Table 4 Optimization of the loading catalyst with model reaction
condition

Entry Catalyst (mmol) % Yield
1 0.01 >50

2 0.1 91

3 0.5 >50

4 0.25 89

5 1 >50

Reaction conditions: K,CO5 (138.25 mg, 1.0 mmol, 2.0 eq.) Nano
Co, TBAB (161.18 mg, 0.5 mmol) and NMP (2.5 mL) was added
iodobenzene 1aa (61 mg, 0.5 mmol) and allyl acetate 2aa (100 mg,
1.0 mmol, 2.0 eq.) at 120 °C about 8 h under N,
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Scheme 2 Phenylation of sub-
stituted allay acetate; yield 73%
(N,), 70% (Air)

o O
I \j\ Nano Co, K,CO;
O s A Ao

NMP, 120 °C, Air/ N,

3aqj
Scheme 3 Phenylation of (0]
. . 0
S . o0k Ot oxmolls oo, & ™\ (7
) ’ 2
1aa 2aa 3aa

lae and 4-iodobiphenyl 1af, react with allylacetate 2aa
results 3ae and 3af individually quite lesser yield (entry
6, 7, Table 1) in another side p-methoxyiodobenzene 1ab
give excellent yield (entries 5) with just 2 mol% of the Co
nano-catalyst. The substituted aryl halide with electron-
withdrawing substituents exhibits little sluggish nature than
with electron-donating substituent’s, 3ag, 3ah, (entries 8, 9,
Table 1; Schemes 2).

The reductive coupling with substituted allylacetate
and aryl halide under similar catalytic condition was
given unusually less product yield. Pent-1-en-3-ylacetate
2ab, methyl prop-2-en-1-yl carbonate 2ac and prop-2-
en-1-yl benzoate 2ad react with aryl iodide 1aa offered
73, 78 and 74% yield respectively (entry 11, 12, 13). The
remaining present is the formation of side product where
it was confirmed by TLC but could not be isolated and
characterized. The result advised that any substitution
at the terminal alkene affected the product yield signifi-
cantly (Schemes 1, 2, 3).

By using the same protocol, we have been able to
carry out the reductive coupling with substituted aryl bro-
mide which was complete in 6-8 h and produced moder-
ately good yield with just 2 mol% of the nano Co catalyst
(entries 14-18, Table 1). Thus, bromobenzene 1aj reacted
with allylacetate forming 3am 70% yield (entry 14). Simi-
larly, p-methyl 1ak and p-methoxy 1al substituted aryl bro-
mide reacted with 2aa to afford the substituted aryl product
3an and 3ao relatively with moderate yield (entry 15, 16
in Table 1).The results were concluding that, the change of
halogen in aryl substrate is quite effective in product yield.
Excitingly, an extremely efficient reaction were observed in
the case of laa, 1ab, lac and 1lai, producing their corre-
sponding product’s 3aa, 3ab, 3ac and 3ai being obtained in
high yield after 7 h, 7 h, 6 h and 6 h respectively [91, 90, 83
and 88% yield (entries 2—4, 10, Table 1)].

4 Conclusion

In this work, we prepared spherical cobalt nanoparticle by
using a seed mediated growth method and this synthesised
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cobalt nanoparticle are successfully used as a catalyst in
the Heck coupling reaction of iodo and bromo arenes with
allylacetate. More importantly, the synthesised catalyst was
cheaper compared to the palladium catalyst. This coupling
reaction emphasizes the potential of using cobalt as a very
user-friendly, inexpensive, and efficient catalyst for cou-
pling reaction of carbon—carbon bonds. Such work is on-
going in our laboratory.
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