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ABSTRACT: This Forum article describes the reactivity and regioselectivity of the insertion of electrophiles, such as 
alkynes and alkenes, into Co–C bonds in the context of Cp*Co-catalyzed C–H functionalization reactions. The mecha-

nistic investigation, using diphenylacetylene as model system, reveals that the rate-determining step of the insertion 
process depends on the temperature. The reaction of a catalytically relevant cobaltacycle, [Cp*Co III(2-
ppy)(MeCN)](BF4), with selected terminal electrophiles, such as phenylacetylene, styrene and vinyl acetate, unravel 

different insertion modes depending on the nature of the unsaturated molecule. The inserted products were fully charac-
terized by NMR spectroscopy, MS-ESI and single crystal X-ray diffraction. In addition, we performed a kinetic study to 

establish their relative reactivity. 

INTRODUCTION 

Over the past few years, cobalt catalysts have emerged as 
a potential alternative to precious metals in directed C–H 
functionalization reactions.1 When compared to noble 

metals, cobalt catalysts offer obvious advantages, includ-
ing being earth-abundant and cheaper. However, the most 
interesting feature of cobalt catalysts is the potential rich 

manifold of reactivity patterns that they can provide, not 
only mimicking precious metals but also exhibiting a 
unique and versatile reactivity. This is likely due to its low 

electronegativity, small radius and facile access to multi-
ple oxidation states through 1 or 2 electron processes. 

Surprisingly, the first example of chelation-assisted tran-
sition-metal catalyzed C–H functionalization was re-
ported by Murahashi, as early as in 1950s, using a cobalt 

catalyst (Scheme 1).2 However, it took more than 50 years 
to rediscover the potential of cobalt-catalyzed directed C–
H functionalization in organic synthesis.1 

Scheme 1. First ligand-assisted transition metal-cata-

lyzed C–H functionalization reaction 

 

In this context, the employment of Cp*CoIII complexes, 

known since mid-70s,3 and analogous to active RhIII cat-
alysts for C–H activation,4 has represented a tremendous 

advance in cobalt catalysis over the past 5 years.1,5 De-
spite the growth of this field, there are relatively few 
mechanistic insights into these transformations even 

when using well-established electrophilic coupling part-
ners such as alkenes or alkynes.1,5,6 One of the main rea-
sons for the lack of fundamental knowledge is the diffi-

culty to detect/characterize/isolate relevant reactive spe-
cies in these systems.7 This is likely due to the proposed 
reversible nature of the C–H metalation step and/or the 

high reactivity of the transient cobalt intermediates after 
their reaction with the corresponding coupling partner 

(Scheme 2).8 In most cases, the mechanistic knowledge 
available is limited to H/D exchange experiments, KIE 
values or the detection of cobalt intermediates by MS-

ESI.1,5,8 These data do not provide structural information, 
at molecular level, of the cobaltacycle intermediates in-
volved in these transformations. 

Scheme 2. Cp*Co-catalyzed directed C–H functional-

ization reactions 
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As part of our interest in understanding the reaction 

mechanisms of Cp*CoIII-catalyzed directed C–H func-
tionalization reactions, we recently designed two differ-
ent synthetic strategies for accessing a direct analogue of 

one the most widely invoked C–H activated cationic 
Cp*CoIII metallacycles (Scheme 3).7b,f Initially, due to the 
proposed reversibility of the C–H activation step, we ex-

plored one of the preferred routes to afford cyclomet-
alated products: oxidative addition reactions.9 Although 

the oxidative addition of perfluoroalkyl iodides (Rf–I) to 
[Cp*CoI(CO)2] to form stable [Cp*CoIII(CO)RfI] com-
plexes is known since the pioneering studies by Stone and 

King,10 the preparation of cobaltacycles using this ap-
proach was unprecedented at that time. The heteroatom-
assisted oxidative addition of 2-(2-iodophenyl)pyridine to 

[Cp*CoIL2] (L = CO, vinyltrimethylsilane), followed by 
halide abstraction with AgBF4 in MeCN produced the de-

sired cationic cobaltacycle, 1-MeCN.7b It should worth 
mentioning that the employment of non-coordinating sol-
vents such as DCM in the salt metathesis led to decompo-

sition. Inspired by these results, we took advantage of the 
stabilizing capability of MeCN to overcome the reversi-
ble nature of the C–H bond cleavage by Cp*CoIII and cap-

ture otherwise inaccessible cobalt intermediates via C–H 
activation.7f We observed the smooth formation of 1-

MeCN by 1H NMR spectroscopy upon reaction of 

[Cp*CoIII(MeCN)3](BF4)2 with 10 equivalents of 2-
ppyH, using the substrate also as a surrogate base. 

Scheme 3. Design synthetic routes for accessing 1-

MeCN 

 

We have used 1-MeCN to describe, for the first time, a 

comprehensive mechanistic picture of the most explored 
reactivity with Cp*CoIII catalysts: C–H oxidative alkyne 
annulations.7b Using diphenylacetylene (dpa) as model 

coupling partner, we were able to detect and characterize 

in situ the catalyst resting state, a seven-membered ring 
cobaltacycle (2a-MeCN) stabilized by acetonitrile. This 

highly reactive intermediate was formed by the alkyne co-
ordination and migratory insertion of dpa into the Co–C 
bond of 1-MeCN. Stoichiometric reactions of 1-MeCN 

with 3 equiv of dpa revealed that the presence of an ex-
cess of MeCN slows down not only the formation of 2a-

MeCN but also the reductive elimination step that affords 
the annulated product. This suggests that the stabilized 
18-electron cobaltacycles (1-MeCN and 2a-MeCN) are 

off-cycle species in equilibrium with the 16-electron 
complexes (1 and 2a) with a vacant coordination site, 
which are the reactive ones (Scheme 4). Importantly, un-

der stoichiometric conditions, the formation of [Cp*CoI] 
after the reductive elimination step could be indirectly 

corroborated by subsequent addition of 2-(2-iodo-
phenyl)pyridine, resulting in the clean formation of 1-I. 
Under catalytic conditions, the copper and/or silver salts 

present in the reaction mixture are presumably responsi-
ble for the re-oxidation of the CoI species. The resulting 
[Cp*CoIII] would be the active one in the C–H activation 

step.7a,11 (reference) 

Scheme 4. Mechanistic investigation on Cp*CoIII-cat-

alyzed Oxidative Alkyne Annulation 

  

Despite our contributions,7b,f and the recent observation 
of analogous insertion products,7d-e,g there are still im-

portant fundamental questions regarding the insertion 
step, fundamental in different Cp*Co-catalyzed C–H 
functionalization reactions (Scheme 5), that need to be 

addressed. In sharp contrast to analogous Ir and Rh-based 
systems,12 to date, there is a dearth of fundamental infor-
mation on the reactivity and regioselectivity of the inser-

tion of alkynes or alkenes into Co–C bonds of Cp*CoIII 
cyclometallated complexes.  

Scheme 5. Mechanistic proposal of Cp*Co-catalyzed 

C-H functionalizations involving insertion reactions 

as key step  



 

 

Inspired by our previous results, in this Forum Article, we 

employ 1-MeCN as platform to explore previously inac-
cessible mechanistic intricacies of the migratory insertion 
step using diphenylacetylene as model system. Our ki-

netic study reveal that the rate-determining step of the al-
kyne insertion process can vary depending on the reaction 
conditions. Moreover, we investigated the reactivity of 

selected unsaturated molecules with different stereoelec-
tronic properties: diphenylacetylene, phenylacetylene, 

styrene and vinyl acetate. The molecular structures by X-
ray diffraction of the inserted products unravel multiple 
insertion modes depending on the nature of the unsatu-

rated molecule. The elucidation of this structural infor-
mation at the molecular level, along with the observed re-
activity, is unprecedented in cobalt chemistry. 

RESULTS AND DISCUSSION 

Mechanistic study on the insertion reaction using di-

phenylacetylene as model coupling partner. 

First, we sought to gain a detailed mechanistic under-
standing on the insertion of internal alkynes into the co-
balt–carbon of Cp*CoIII cyclometallated complexes. 

These electrophiles are the most widely used coupling 
partner in Cp*Co-catalyzed C–H functionalization reac-
tions.1,5,6 As shown above, our previous investigation us-

ing diphenylacetylene (dpa) as model alkyne system 
showed that its insertion involves multiple elementary 

steps when starting from coordinatively saturated cationic 
cobaltacycles (see Scheme 4).7b However, these prelimi-
nary studies left several open questions, including the de-

termination of the rate-limiting step of the insertion pro-
cess or the reactivity of a neutral Cp*CoIII cobaltacycles, 
such as 1-I, towards dpa.  

1.1 Influence of the Cp*CoIII cobaltacycle precursor. 
We first investigated the impact of the coordination 

sphere of the metal center on the outcome of the insertion 
reaction. It is well-known that the rate of the alkyne in-
sertion is highly dependent on the coordination number of 

the starting metalacyclic complex.13 We used our previ-
ous results, the reaction of 1-MeCN with 3 equiv of dpa 
in DCM-d2 as benchmark for evaluating these effects in 

our cobalt system. Under these reaction conditions, we 
observed the formation of 2a-MeCN along with the an-

nulated product (3a) after 25 minutes at 35 ºC (Figure 1i). 

Next, we explored the reactivity of 1-I. Different litera-
ture precedents have shown that neutral cyclometallated 

complexes [Cp*M (C^N)X] (M = Ir, Rh; C^N = 2-ppy; X 
= halide) readily undergo alkyne insertion reactions.12c 
Neither traces of a seven-membered ring cobaltacycle or 

3a were detected by 1H NMR spectroscopy upon treat-
ment of 1-I with 3 equivalents of dpa at 35 ºC for 2 hours 

in DCM-d2 (Figure 1i). In sharp contrast, when perform-
ing the same reaction, but in the presence of AgBF4 (1.5 
equiv), we observed the instantaneous formation of the 

annulated product (Figure 1iii). Under these reaction con-
ditions, in the absence of a stabilizing ligand such as 
MeCN, 2a cannot be observed directly due to its highly 

reactive nature. This reactivity trend clearly indicates that 
a facile access to a cationic 16-electron intermediate with 

a vacant coordination site accelerates the rate of insertion 
and the reductive elimination process.   

 

 

Figure 1. Comparative study on the reactivity of 1-MeCN 

and 1-I towards diphenylacetylene. Reaction conditions: 

0.01 mmol of 1-MeCN or 1-I, 0.03 mmol of dpa in 0.5 mL 

of CD2Cl2, 35 ºC, 25 min. For (iii), 0.015 mmol of AgBF4 

was added. 

1.2 MeCN effect. We next determined the order of the 

alkyne insertion reaction respect to MeCN using 1-

MeCN. Since the reductive elimination product, 3a, ex-
hibits solubility issues in dichloromethane, the initial 

rates method was used to determine the insertion rate at 
each [MeCN] in DCM-d2 at 25 ºC. The experimental data 



 

employed to determine r0 were obtained within reaction 
times in which the amount of 3a did not affect the con-

centration of the complexes under study. Under these con-
ditions, the concentration of 1-MeCN and 2a-MeCN, 
were monitored by 1H NMR spectroscopy. As expected, 

increasing amounts of MeCN dramatically slowed the re-
action rate.14 The plot of initial reaction rate (r0) versus 

[MeCN]-1 was linear, indicating an inverse order on 
MeCN (Figure 2). This result confirms that the dissocia-
tion of MeCN is crucial for generating the reactive un-

saturated cobalt species involved in the alkyne insertion 
process. 

 

 

Figure 2. Plot of initial rates versus [MeCN]–1 showing in-

verse order kinetics in acetonitrile. Reaction conditions: 0.01 

mmol of 1-MeCN, 0.03 mmol of dpa in 0.5 mL of CD2Cl2, 

25 ºC. 2.5, 5 and 10 L CD3CN were added, respectively.  

1.3 Influence of the diphenylacetylene. We next investi-

gated the dependence of the reaction rate of the alkyne 
insertion on the concentration of diphenylacetylene (dpa). 
We monitored the reaction between 1-MeCN and differ-

ent amounts of added dpa (3 or 10 equiv), in the presence 
of 5 equiv of MeCN, in DCM-d2 at 35 ºC.15 Despite the 
solubility problems associated to the formation of 3a un-

der these reactions conditions, which hamper the NMR 
monitoring,16 we observed that the reaction rate clearly 

depends on the concentration of dpa as shown in Figure 
3, accelerating the formation of 2a-MeCN. 

 

 

Figure 3. Influence of dpa on the alkyne insertion process at 

35 ºC. Reaction conditions: 0.01 mmol of 1-MeCN, 0.03 or 

0.1 mmol of dpa in 0.5 mL of CD2Cl2, 35 ºC. 

Next, we carried out these reactions at lower tempera-
ture, 0 ºC, in the absence of added MeCN. Under these 
reaction conditions, the product formation is sufficiently 

slow to allow the study of the alkyne insertion step inde-
pendently. Surprisingly, the formation of 2a-MeCN is 

zero-order dependence on [dpa] (Figure 4). Similar values 
of r0 were found for [dpa]0 = 0.06 or 0.2 mol L-1 resulting 

r0 = 2.7106 mol L-1 s-1 and r0 = 3.0106 mol L-1 s-1, re-

spectively.  

 

 

Figure 4. Alkyne insertion process at 0ºC in the presence of 

different amounts of dpa. Reaction conditions: 0.01 mmol of 

1-MeCN, 0.03 or 0.1 mmol of dpa in 0.5 mL of CD2Cl2, 0 

ºC. 

Although the reaction conditions are slightly different at 

0 ºC and 35 ºC, the effect of [dpa] on the alkyne reaction 
rate suggests a temperature-dependent change in the rate-

determining step in the alkyne insertion process. At 35 ºC, 
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the insertion of the alkyne into the Co–C bond is presum-
ably the rate-determining step while at 0 ºC, the alkyne 

seems not to be involved.  

1.4 Eyring plot. In order to gain further insights into the 
rate-determining step of the alkyne insertion process at 

low temperature, we calculated the activation parameters. 
We monitored the reaction of 1-MeCN with 3 equiv of 

dpa in the temperature range from –10 to 10 ºC by 1H 
NMR spectroscopy. The rate constants (k1) were obtained 
by fitting the concentration versus time data to the kinetic 

model shown in Figure 5, by nonlinear least-squares 
(NLLS) regression,17 considering that the reaction is zero-
order with respect to dpa. This figure shows the data at -

10 ºC as a representative example.  

 

Figure 5. Alkyne insertion process at -10ºC. Solid lines are 

the best fit using GEPASI. Reaction conditions: 0.01 mmol 

of 1-MeCN, 0.03 mmol of dpa in 0.5 mL of CD2Cl2, –10 ºC. 

The activation parameters were determined using the 

Eyring equation, affording the following values: H‡ = 

21.0 ± 1.95 kcal mol-1; S‡ = 1.61 ± 0.24 cal K-1 mol-1 

(Figure 6). Although, the calculated S‡ is not large, its 
positive value, along with the zero-order dependence on 

alkyne suggest, that at low temperature, the dissociation 
of MeCN, prior to the migratory insertion, could be the 
rate-determining step. 

 

Figure 6. Eyring plot for determination of H‡ and S‡ for 

the alkyne insertion at low temperature. 

Reactions of 1-MeCN with terminal unsaturated 
electrophiles. Next, we aimed to unravel the reactivity 

and insertion modes of selected unsaturated model mole-
cules such as phenylacetylene, styrene and vinylacetate. 
For diphenylacetylene, we have reported the formation of 

a seven-membered cobaltalcycle, 2a-MeCN, through the 
traditional 1,2-insertion mode. However, other type of 

products could be potentially formed whether the corre-
sponding electrophile inserts into the Co–C bond multiple 
times or if the insertion occurs in a 1,1-fashion (Figure 7). 

We have targeted these terminal alkynes and alkenes for 
our reactivity study since different literature reports have 
shown these non-traditional insertion modes with analo-

gous Cp*IrIII- and Cp*RhIII-based systems.12  

 

Figure 7. Potential insertion modes 

Based on our previous knowledge, we attempted to ac-
cess the inserted products following an analogous proce-

dure than the previously described for dpa, using 1-

MeCN as the starting complex (Scheme 6). As for 2a-

MeCN, the corresponding inserted products when using 

phenylacetylene and styrene were not isolable. However, 
inspired by our mechanistic insights, we added a high ex-

cess of MeCN to enable the full characterization of 2b-

MeCN and 2c-MeCN by NMR spectroscopy (1D and 2D 
experiments), and MS-ESI.18 In sharp contrast, 2d exhib-

its high stability and it was isolated in a quantitative man-
ner. In all cases, we observed a single inserted product. 
Phenylacetylene and vinyl acetate insert into the Co–C 

bond of 1-MeCN in a completely regiospecific 1,2-man-
ner. For analogous rhodium systems, Jones and co-work-
ers have reported the formation of doubled-insertion 

products when using phenylacetylene as electrophile.12c 
In our case, we did not observe the formation of these type 

of products. A rhodacycle analogous to 2d has been de-
scribed by Ellman and co-workers as a catalyst resting 
state of the Cp*RhIII-catalyzed directed C–H vinylation 

using vinyl acetate as a vinyl source.19 Surprisingly, the 
[1,1]-insertion product is obtained when using styrene. 
The observation and characterization of 2c-MeCN is par-

ticularly relevant since, to date, the formation of this type 
of inserted product had not been proposed in Cp*Co-cat-

alyzed C–H functionalization products.11a,20 The prefer-
ence for six-membered-ring metallacycles over seven-
membered ones when using alkenes as coupling partners 

have been reported for Cp*RhIII cyclometalated com-
plexes.12c 

Scheme 6. Reactivity of 1-MeCN with terminal elec-

trophiles 



 

 

The structural and spectroscopic characterization of 
these cobalt complexes displayed interesting features at 

molecular level. As observed for 2a-MeCN, the 1H NMR 
spectra of the inserted products show an upfield displace-
ment of the chemical shift of the Cp* ligand compared to 

1-MeCN. This can be explained due to the anisotropic ac-
tion of a ring current of the cyclometalated phenyl. When 

using the terminal alkenes, the coupling patterns of the 
resulting alkylic protons are analogous. In both cases, we 
observed three different signals, since the protons of the 

methylene group are diastereotopic. However, the chem-
ical shift of the alkylic CH varies dramatically, 4.73 ppm 
and 7.86 ppm for 2c-MeCN and 2d, respectively. 

 

Table 1. Selected bonds and angles for the single crystal structures measured. 

Distance [Å] / angle [º] 1-MeCN1 2a-MeCN1 2b-MeCN 2c-MeCN 2d 

Co-Nppy 1.959(3) 2.011(2) 1.9822(10) 1.980(8) 1.991(3) 

Co-NACN 1.905(4) 1.928(3) 1.9242(11) 1.917(11) --- 

Co-CA
2 1.936(4) 1.984(3) 1.9775(12) 2.051(7) 1.960(3) 

Nppy-Co-NACN
3 91.46(13) 89.47(10) 91.85(4) 92.2(6) 90.61(11) 

Nppy-Co-CA 82.39(15) 90.49(10) 90.60(4) 86.93(9) 97.13(14) 

Co-NACN-C1ACN 173.6(3) 175.7(2) 170.55(10) 166.38(9) --- 

Torsion 14 0.6(5) 61.2(4) 55.18(17) 33.9(13) 45.6(5) 

1: From Ref 7b. 2: CA is the carbon atom attached to the Cobalt. 3: In 2d it corresponds to the angle between Nppy, 

Cobalt and the O corresponding to the acetate. 4: Torsion angle at 2ppy. 

 

 



 

Figure 8. ORTEP-plots of 2a-MeCN, 2b-MeCN, 2c-MeCN, 2d, respectively. Thermal ellipsoids drawn at 50% probability, 

hydrogen atoms, BF4 anions and additional molecules in the unit cell were omitted for clarity. 

 

The structures of the inserted products were unequivo-

cally confirmed by single-crystal X-ray diffraction (see 
Table 1, Figure 8). As 1-MeCN and 2a-MeCN, all three 
structures show a three-legged piano stool geometry. For 

2b-MeCN, the phenyl group of the PhCCH is preferen-
tially located adjacent to the metal center after the alkyne 

insertion, indicating the dominance of the electronic ef-
fects. The solid-state structures of 2c-MeCN and 2d show 
that a subtle modification on the nature of the terminal 

alkenes can induce different insertion modes. While sty-
rene affords a six-membered ring cobaltacycle via a [1,1]-
insertion, vinyl acetate undergoes a traditional [1,2]-

mode. In this case, the acetate is coordinated to the cobalt 
metal center instead of a molecule of acetonitrile.  

The CA–Co–Nppy bite angle of the inserted products are 

larger than the one for 1-MeCN [82.39(15)º]. The phenyl 
rings are rotated out of the plane of the pyridine with a 

dihedral angle, ranging from 33.9(13) for 2c-MeCN to 
61.2(4)º for 2a-MeCN, which are much larger than the 
one observed for 1-MeCN (0.6(5)º). It should be worth 

mentioning that the Co–Nppy, Co–NACN and Co–CA bond 
lengths for the inserted products are longer than for 1-

MeCN.  

2.1 Reactivity of terminal versus internal alkyne. With 
this structural information in hand, we compared the be-

havior of terminal and internal alkynes. We monitored the 

reaction of 1-MeCN with 3 equiv of alkyne, PhCCPh or 

PhCCH, in DCM-d2 at 35 ºC, in the presence of 5 equiv 

of MeCN, in order to stablish their relative reactivity. We 
selected these reaction conditions, where the formation of 
the annulation product is very slow, to simplify the sys-

tematic study by 1H NMR spectroscopy. Comparing the 

kinetic experiments with PhCCPh and PhCCH, it is 

found that PhCCH reacts faster than the internal alkyne 

(Figure 9). Although we did not quantify the formation of 
the reductive elimination products, since they exhibit low 
solubility in DCM, we detected the formation of 3a at 

longer reaction times, while the seven-membered ring co-
baltacycle 2b-MeCN does not undergo reductive elimi-

nation under our reaction conditions. These results sug-
gest that the alkyne insertion is favored for phenylacety-
lene while the reductive elimination process is facilitated 

when using dpa.  

 

 

Figure 9. Reactivity of terminal versus internal alkynes. Re-

action conditions: 0.01 mmol of 1-MeCN, 0.03 of dpa or 

phenylacetylene, 0.05 mmol of CD3CN in 0.5 mL of CD2Cl2, 

35 ºC. 

2.2 Reactivity of phenylacetylene versus styrene. We 
monitored the reaction of 1-MeCN with 3 equiv of sty-
rene in DCM-d2 at 35 ºC, in the presence of 5 equiv of 

MeCN, in order to establish its relative reactivity towards 
phenylacetylene, the analogous terminal alkyne. Under 
these reaction conditions, we observed a dramatic differ-

ence in the insertion rate. While 2b-MeCN is formed 
quantitatively after 20 minutes, we only observed traces 

of the corresponding inserted product with styrene (Fig-
ure 10). These experimental results could be explained 
taking into account the nature of the electrophile and the 

resulting inserted product. It is well-known that alkene in-
sertions into M–C bonds are thermodynamically disfa-
vored compared to alkyne ones due to the challenging C–

C -bond cleavage of the olefin. Moreover, the strength 
of the new M–Csp2 bond on the alkyne insertion product 
is higher than the M–Csp3 bond for olefins.13  

 

2a-MeCN

2b-MeCN



 

 

Figure 10. Reactivity of phenylacetylene versus styrene. Re-

action conditions: 0.01 mmol of 1-MeCN, 0.03 of dpa or 

styrene, 0.05 mmol of CD3CN in 0.5 mL of CD2Cl2, 35 ºC. 

2.3 Reactivity of styrene versus vinyl acetate. Finally, 
we determined the relative reactivity between the two tar-
geted terminal alkenes. As shown in Figure 11, the inser-

tion of styrene to afford 2c-MeCN occurs at extreme 
slowness compared to vinyl acetate. Under analogous re-

actions conditions, we observed almost quantitative for-
mation of 2d after 50 minutes, while at that time less than 
10% of the six-membered ring cobaltacycle is detected by 
1H NMR spectroscopy. A plausible hypothesis which ex-
plains these experimental data is that the acetate might fa-
cilitate an assisted-alkene insertion acting as a chelating 

ligand. In alignment with this assumption, when we tried 
the insertion reaction with vinyl ethyl ether, we did not 

observe the inserted product, even in the absence of added 
CD3CN.  

 

 

Figure 11. Reactivity of styrene versus vinyl acetate. Reac-

tion conditions: 0.01 mmol of 1-MeCN, 0.03 of styrene or 

vinyl acetate, 0.05 mmol of CD3CN in 0.5 mL of CD2Cl2, 35 

ºC. 

CONCLUDING REMARKS 

In conclusion, this work explores one of the fundamen-
tal steps in Cp*Co-catalyzed C–H functionalization reac-

tions: the migratory insertion. We have used a direct ana-
logue of a C–H activated CoIII metallacycle, [Cp*CoIII(2-
ppy)(MeCN)](BF4] (1-MeCN), for providing previously 

inaccessible mechanistic intricacies on the reactivity and 
regioselectivity of the insertion of selected alkynes and 

alkenes into the Co–C bond. Our initial mechanistic 
study, using diphenylacetylene as model electrophile, re-
vealed a temperature-dependence of the rate-determining 

step (rds). At 35 ºC, the insertion of the alkyne into the 
Co–C bond seems to be the rds. In sharp contrast, at low 
temperature, 0 ºC, the insertion reaction is zero-order in 

electrophile, suggesting that the dissociation of MeCN 
from 1-MeCN, to generate a reactive 16-electron com-

plex, it is the rate-determining step.  

The reaction of our cobalt platform with terminal elec-
trophiles unraveled different insertion modes depending 

on the nature of the unsaturated molecule. The reactions 
with phenylacetylene and vinyl acetate afford the ex-
pected seven-membered ring cobaltacycles via a tradi-

tional [1,2]-insertion. However, the treatment of 1-MeCN 
with styrene provides a six-membered ring complex, pre-

sumably due to a [1,1]-insertion. The inserted products 
were fully characterized by NMR spectroscopy, ESI-MS 
and single crystal X-ray diffraction. The reactivity com-

parison between the tested electrophiles shows that phe-
nylacetylene provides the fastest alkyne insertion while 
styrene provides the slowest one.  

The results provided herein not only reveal mechanistic 
information on the migratory insertion process in the con-
text of Cp*Co-catalyzed C–H functionalization reactions 

but also demonstrate that subtle modifications of the 
structure of the employed electrophile can produce a sig-

nificant change on the nature of the transient cobalt spe-
cies at a molecular level.  
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11 

 

This Forum article explores mechanistic details of the migratory insertion step, one of the fundamental steps in organo-
metallic chemistry, in the context of Cp*Co-catalyzed C–H functionalization reactions. Using a direct analogue of a C–

H activated CoIII metallacycle, we unravel different reactivities and regioselectivities, depending on the stereoelectronic 

properties of the selected unsaturated molecule. 


