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ABSTRACT: This study focuses on the stoichiometric reactions of {2,6-(iPr2PO)2C6H3}-
Co(PMe3)2 with terminal alkynes, thiols, and tin hydrides as part of an ekort to develop
catalytic, two-electron processes with cobalt. This specific Co(I) pincer complex proves to
be ekective for cleaving the C(sp)−H, S−H, and Sn−H bonds to give oxidative addition
products with the general formula {2,6-(iPr2PO)2C6H3}CoHX(PMe3) (X = alkynyl,
thiolate, and stannyl groups) along with the free PMe3. These reactions typically reach
completion when the substituents on acetylene, sulfur, and tin are electron-withdrawing
groups (e.g., phenyl, pyridyl, and alkenyl groups). In contrast, alkyl-substituted acetylenes,
1-pentanethiol, and tributyltin hydride are partially converted due to the equilibria with the
corresponding oxidative addition products. The Co(I) pincer complex is not a hydrothiolation catalyst but capable of catalyzing the
hydrostannation of terminal alkynes with Ph3SnH to produce β-(Z)-alkenylstannanes selectively.

p INTRODUCTION
Oxidative addition and reductive elimination are fundamen-
tally important steps that are frequently proposed in transition
metal-catalyzed organic transformations. When a single metal
is tasked to perform these reactions, the metal center is
formally oxidized or reduced by two electrons, which poses
considerable challenges for first-row transition metals due to
their tendency to undergo one-electron redox processes.
Strategies to bypass the obstacles are thus being developed,
including the design of redox-active ligands1 or the
incorporation of a second metal,2 to assist in electron transfer.
Strong-field ligands, in principle, can widen the energy gaps

between d orbitals to the extent that first-row transition metals
may display reactivity akin to their second and third row
counterparts. Guided by this hypothesis, we have been
interested in synthesizing cobalt complexes with pincer ligands
of the type [2,6-(R2PO)2C6H3]−,3 in which a strongly σ-
donating phenyl group is flanked by two phosphorus donors.
This specific pincer ligand system has proven to be successful
in developing rhodium-catalyzed C−S coupling reactions4 and
iridium-catalyzed transfer dehydrogenation reactions,5 all
involving a M(I)/M(III) catalytic cycle.
The seminal work by Heinekey has established the ability of

{2,6-(tBu2PO)2C6H3}Co(H2) to participate in an oxidative
addition reaction with H2, although the product is stable only
below −53 °C (eq 1).6 It is worth noting that {2,6-
(tBu2PO)2C6H3}Co(H2) is a diamagnetic compound. Without
H2 acting as an ancillary ligand, the {2,6-(tBu2PO)2C6H3}Co
fragment itself prefers a triplet ground state (S = 1, based on
DFT calculations).6 The analogous {2,6-(tBu2PO)2C6H3}Ir,
however, adopts the singlet electronic configuration (S = 0).7
For an example of reductive elimination reactions, the Ozerov
group has shown that {2,6-(iPr2PO)2C6H3}CoPh(SPh) under-

goes aryl−aryl elimination, which is accompanied by one-
electron processes (eq 2).8 In contrast, the rhodium analog,
{2,6-(iPr2PO)2C6H3}RhPh(SPh), reductively eliminates di-
phenyl sulfide to yield {2,6-(iPr2PO)2C6H3}Rh(SPh2) as the
sole product.4 These results seem to support the notion that
the [2,6-(R2PO)2C6H3]− ligand platform alone is inadequate
to force a low-spin state for cobalt while promoting precious-
metal-like reactivity (i.e., clean two-electron processes).9 The
presence of another ligand, abbreviated as L, may render {2,6-
(R2PO)2C6H3}Co(L) diamagnetic and ultimately feasible for a
Co(I)/Co(III) catalytic cycle.

In a recent report, we have demonstrated oxidative addition
of silanes such as PhSiH3 to {2,6-(iPr2PO)2C6H3}Co(PMe3)2
to form a Co(III) hydride species and free PMe3 (eq 3).3b
These reactions are reversible, likely proceeding via the 4-
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coordinate, diamagnetic intermediate {2,6-(iPr2PO)2C6H3}Co-
(PMe3). In a closely related study, Li and coworkers have
shown that {1,3-(Ph2PO)2C3H5}Co(PMe3)2 reacts with iodo-
methane following an oxidative addition pathway (eq 4).10
Taken together, these examples suggest that the combination
of a bis(phosphinite)-type (or POCOP-type) pincer ligand and
PMe3 can direct cobalt to undergo two-electron processes. The
work presented herein reinforces the ekectiveness of this
strategy. More specifically, substrates for {2,6-(iPr2PO)2C6H3}-
Co(PMe3)2 are now expanded to molecules bearing other
oxidatively cleavable bonds such as terminal alkynes (C(sp)−
H bonds), thiols (S−H bonds), and organotin hydrides (Sn−
H bonds). The potential involvement of the oxidative addition
products (or lack thereof) in catalytic hydrothiolation and
hydrostannation of alkynes is also discussed.

p RESULTS AND DISCUSSION
C(sp)−H Oxidative Addition. In recent years, there has

been growing interest in developing cobalt-catalyzed C−H
bond activation reactions.11 Understanding how well-defined
cobalt complexes cleave various C−H bonds would be useful
to guide the design of new catalysts. Of particular note are
cobalt aryl complexes, which sometimes can be isolated or
spectroscopically observed from the reactions of arenes,
presumably involving a C(sp2)−H bond activation step
with3,12 or without13 a directing group (DG). The analogous
processes with C(sp3)−H bonds are often intramolecular or
DG-promoted.10,14 There are also examples of cobalt alkynyl
complexes obtained from HCCR and cobalt species bearing
a methyl13c,15 or hydroxyl group.16 Most of these Co−C bond
forming reactions eliminate H2, CH4, or H2O, which drives the
C−H bond activation but complicates the direct analysis of the
oxidative addition step. Encouraged by our initial success with
Si−H oxidative addition to {2,6-(iPr2PO)2C6H3}Co(PMe3)2
(eq 3), we were curious to know if this Co(I) pincer complex
could also cleave C(sp)−H bonds in terminal alkynes. This
type of C(sp)−H oxidative addition reaction has precedent
with other low-valent cobalt complexes such as
{(Me3P)3CoH}2(N2),15 [{(Ph2PCH2CH2)3P}Co(N2)]BPh4,17
and [(Et2PCH2CH2PEt2)2Co(CS2)]BPh418 as well as hetero-
bimetallic Zr/Co complexes,19 although only a limited set of
alkynes have been examined.
For this work, phenylacetylene was first chosen as the alkyne

to react with {2,6-(iPr2PO)2C6H3}Co(PMe3)2. The 1:1
reaction carried out at room temperature in C6D6 showed an
immediate color change from dark red to light yellow. The 1H
NMR spectrum recorded within 15 min of mixing the reagents
revealed a characteristic hydride resonance at −12.76 ppm as a
doublet of triplets (2JH−P = 111.6 and 60.8 Hz). The 31P{1H}
NMR spectrum displayed two broad resonances at 205.8 ppm
and −1.9 ppm (integrate to a 2:1 ratio) and a sharp resonance
at −62.6 ppm indicative of free PMe3. The broadening is likely
caused by the quadrupolar 59Co nucleus. The NMR data are
consistent with a cobalt hydride supported by the pincer ligand

and one PMe3 ligand. The most plausible product is {2,6-
(iPr2PO)2C6H3}CoH(CCPh)(PMe3) (1) resulting from
C(sp)−H oxidative addition of phenylacetylene to {2,6-
(iPr2PO)2C6H3}Co(PMe3), which can be generated from
{2,6-(iPr2PO)2C6H3}Co(PMe3)2 via PMe3 dissociation.
Further characterization of 1 was carried out with a purified

sample isolated from the reaction of {2,6-(iPr2PO)2C6H3}Co-
(PMe3)2 with phenylacetylene in toluene (eq 5). The solid
sample exhibited an ok-white color, in contrast to the dark red
color observed with the starting Co(I) complex. The IR
spectrum of 1 (solid sample) contained absorption bands at
2087 and 1977 cm−1, which can be assigned to the CC and
Co−H stretches, respectively. Spatial arrangement of the
ligands around cobalt was more firmly established by X-ray
crystallography using single crystals grown from toluene-
pentane. As illustrated in Figure 1, the hydride ligand is trans to

PMe3, while the alkynyl group is trans to the central donor of
the pincer ligand. In C6D6, 1 is thermally stable, provided that
it is kept under an inert atmosphere. In fact, heating the
solution to 80 °C did not result in any spectral change,
implying that this compound is configurationally stable at this
temperature.

To better understand how the supporting ligands akect the
C(sp)−H oxidative addition process, HCo(PMe3)4, a Co(I)
complex without a pincer ligand, was treated with 1 equiv of
phenylacetylene in C6D6. No net reaction was observed at
room temperature. However, at 80 °C, phenylacetylene was
fully consumed to give a complicated mixture featuring vinylic
hydrogens; HCo(PMe3)4 was only partially converted to some
paramagnetic species and PMe3. This specific cobalt hydride
complex was previously reported to catalyze the dimerization
of phenylacetylene to enynes,20 although the reaction
conditions dikered from ours. The dinuclear complex
{(Me3P)3CoH}2(N2), which bears a more labile N2 ligand,
was reported to react with up to 4 equiv of phenylacetylene.15
The isolated product was identified to be mer,trans-

Figure 1. ORTEP of {2,6-(iPr2PO)2C6H3}CoH(CCPh)(PMe3)
(1) at the 50% probability level (all hydrogen atoms except the one
bound to cobalt are omitted for clarity). Selected bond lengths (Å)
and angles (deg): Co−C1 1.9358(12), Co−C19 1.9034(13), Co−P1
2.1599(4), Co−P2 2.1529(3), Co−P3 2.2377(4), C19−C20
1.2154(19), Co−H 1.401(18); P1−Co−P2 152.587(15), C1−Co−
P3 92.15(4), C1−Co−C19 175.84(5).
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{(Me3P)3CoH(CCPh)2 (2 equiv), possibly resulting from a
series of steps that eliminate N2 and H2. Our results here
highlight the advantage of using a POCOP-type pincer ligand,
which provides a robust platform for cobalt to perform
oxidative addition reactions in a more straightforward fashion.
The ancillary ligand PMe3 is equally important for the
reactions. Under the conditions similar to those outlined in
eq 5, the dicarbonyl complex {2,6-(iPr2PO)2C6H3}Co(CO)2
failed to react with phenylacetylene to yield any Co(III)
hydride species.
To explore the generality of the C(sp)−H oxidative addition

process, a diverse array of terminal alkynes was studied in
reactions with {2,6-(iPr2PO)2C6H3}Co(PMe3)2. Introducing
an electron-releasing or electron-withdrawing group (e.g.,
OMe or F) as the para-substituent on phenylacetylene had
almost no impact on how the hydrido Co(III) alkynyl complex
formed (Scheme 1). Replacing the phenyl group in phenyl-
acetylene with a 2-pyridyl, 1-cyclohexenyl, or trimethylsilyl
group also led to a fast and complete conversion of {2,6-
(iPr2PO)2C6H3}Co(PMe3)2 to the corresponding C(sp)−H
bond activated product. Like 1, hydrido Co(III) alkynyl
complexes 2−6 were readily isolated in modest yields (64−
77%). These compounds were fully characterized by NMR and
IR spectroscopy and elemental analyses. The solid-state
structures of 3−5 were further studied by X-ray crystallography
(Figure 2), confirming that the hydride ligand is consistently
bound trans to PMe3. Interestingly, 5 showed an ok-white
color in its solid form but gave a light blue solution when it was

dissolved in C6D6. The freshly prepared 6 also appeared light
in color but gradually turned to blue in weeks, even for a solid
sample stored under an inert atmosphere. These observations
hinted to us that 5 and 6 could be more inclined to undergo
C(sp)−H reductive elimination because the resulting 4-
coordinate cobalt complex, {2,6-(iPr2PO)2C6H3}Co(PMe3),
is a dark blue compound.3b However, the NMR spectra of 5
and 6 (in C6D6) did not show resonances that could be
definitively assigned to {2,6-(iPr2PO)2C6H3}Co(PMe3). It is
possible that the quantity was below the NMR detection limit.
Alkyl-substituted acetylenes reacted with {2,6-

(iPr2PO)2C6H3}Co(PMe3)2 dikerently. None of the stoichio-
metric reactions depicted in Scheme 2 could reach completion
in 15 min. Evidently, the partial conversion was not due to
kinetic reasons. Extending the reaction time for tert-
butylacetylene or heating the reaction mixture to 80 °C
actually decreased the ratio of {2,6-(iPr2PO)2C6H3}CoH(C
CtBu)(PMe3) (7) to {2,6-(iPr2PO)2C6H3}Co(PMe3)2. This
can be rationalized by cobalt-promoted oligomerization and/or
polymerization of tert-butylacetylene that consumes the alkyne,
thus shifting the equilibrium to the left side. The
thermodynamic argument was further supported by mixing
{2,6-(iPr2PO)2C6H3}Co(PMe3)2 with 20 equiv of tert-
butylacetylene in C6D6, which resulted in full conversion of
the starting Co(I) complex to 7 along with a minor
decomposition product (∼10%, δP = 51.2 ppm, consistent
with iPr2P(=O)H).21 Various vinylic resonances were also
observed in the 1H NMR spectrum, presumably due to side

Scheme 1. C(sp)−H Bond Activation of Di)erent Alkynes with {2,6-(iPr2PO)2C6H3}Co(PMe3)2a

aNumbers in the parentheses are isolated yields.

Figure 2. ORTEPs of {2,6-(iPr2PO)2C6H3}CoH(CCC6H4F)(PMe3) (3, left), {2,6-(iPr2PO)2C6H3}CoH(CCC5H4N)(PMe3) (4, middle),
and {2,6-(iPr2PO)2C6H3}CoH(CCC6H9)(PMe3) (5, right) at the 50% probability level (all hydrogen atoms except the one bound to cobalt are
omitted for clarity).
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reactions of tert-butylacetylene. Unfortunately, attempts to
isolate pure 7 were fruitless; the main challenge faced was the
low stability of 7 under vacuum. The NMR spectra of the
isolated product (a sticky substance) showed some unknown
species and {2,6-(iPr2PO)2C6H3}Co(PMe3), suggesting that
reductive elimination of tert-butylacetylene had occurred. Our
best method to obtain 7 as a solid started with dissolving {2,6-
(iPr2PO)2C6H3}Co(PMe3)2 in neat tert-butylacetylene (bp =
37−38 °C), which akorded an almost colorless solution. An
ok-white precipitate slowly formed when the solution was kept
at −30 °C. The solid was collected by decanting the
supernatant liquid and analyzed as the desired hydrido Co(III)
alkynyl complex, although it was contaminated with a
decomposition product. 1-Hexyne and cyclopropylacetylene
behaved similarly to tert-butylacetylene. Due to the purification
challenges described above, the C(sp)−H oxidative addition
products 7−9 were characterized only in solution by NMR
spectroscopy.
The phosphorus chemical shift values of 1−9 are remarkably

similar (Table 1), indicating that structural and electronic
perturbations of the coordination sphere by the substituents on
CC are negligible. The substituent ekects on the hydride
chemical shift values are also small, although the Co(III)
hydride complexes originating from alkyl-substituted acety-
lenes (i.e., 7−9) all have more negative values. The bond
lengths determined by X-ray crystallography confirm that there
are very little structural variations in the Co−Calkyne, CC,
and Co−H bonds, at least among 1 and 3−5.22
The distinct reactivities displayed by the alkynes in Schemes

1 and 2 may reflect the dikerences in Co−Calkyne bond
strengths, which are not always inferable from the NMR and
crystallographic data.23 Our previous study of {2,6-
(iPr2PO)2C6H3}NiSAr (Ar = para-substituted phenyl group)

revealed that introducing an electron-withdrawing substituent
makes the Ni−S bond stronger.24 The substituent ekects on
the S−H bond dissociation energies of ArSH follow a similar
trend, although the ekects are smaller. We attributed this
phenomenon to the increased electrostatic contribution to the
Ni−S bonding. The alkyne substrates listed in Scheme 1 either
contain a sp2-hybridized carbon directly attached to the CC
bond or, in the case of trimethylsilylacetylene, involve
hyperconjugative interactions between the low-lying Si−C σ*
orbitals and the alkyne π orbitals.25 Considering that Co(III) is
a hard acid, the aryl, alkenyl, and silyl groups (as harder bases)
likely strengthen the Co−Calkyne bonds and improve the
thermodynamics of the C(sp)−H oxidative addition process.
The reactivity does not appear to correlate with the C−H
acidity. Nitromethane (pKa (DMSO) = 17.2), malononitrile
(pKa (DMSO) = 11.1), and diethyl malonate (pKa (DMSO) =
16.4), which are significantly more acidic than phenylacetylene
(pKa (DMSO) = 28.8), failed to react with {2,6-(iPr2PO)2C6H3}-
Co(PMe3)2 (eq 6). Similarly, pentafluorobenzene did not
undergo C(sp2)−H oxidative addition with the Co(I) pincer
complex. To eliminate the potential complications caused by
the dissociated PMe3, the hydrido Co(III) alkynyl complex 2
was also treated with diethyl malonate and pentafluoroben-
zene; neither case produced a new hydride species.

S−H Oxidative Addition. Oxidative addition of thiols to a
low-valent metal species has been implicated in catalytic
hydrothiolation of carbon−carbon multiple bonds.26 Well-
defined metal systems that can perform this type of reaction
are actually scarce. Most of the known examples involve
second or third row transition metals,27 heterobimetallic
compounds,28 or clusters.29 As far as cobalt-based systems
are concerned, trimethylphosphine-ligated complexes including
(Me3P)3CoCl,30 (Me3P)4Co,30 (Me3P)4CoMe,30,31 and even
the high-valent (Me3P)3CoMe332 have been used to activate
thiols, although the mechanistic information about S−H
oxidative addition is lost in the complexity of the reactions
(e.g., consecutive S−H bond activation and/or an elimination
step involving the SH hydrogen). A tridentate N-heterocyclic
phosphido Co(I) complex has also been reported to activate
PhSH; however, the thiol is added across the Co−P bond
without changing the metal oxidation state.33 The POCOP-

Scheme 2. Terminal Alkynes in Equilibria with Their
C(sp)−H Bond Activation Productsa

aNumbers in the parentheses are [CoH]/[Co(PMe3)2] ratios
measured at the 15 min mark.

Table 1. Key NMR and Crystallographic Data of {2,6-(iPr2PO)2C6H3}CoH(CCR)(PMe3)

R group δP (in C6D6) δCoH (in C6D6) Co−Calkyne (Å) CC (Å) Co−H (Å)
phenyl (1) 205.8, −1.9 −12.76 1.9034(13) 1.2154(19) 1.401(18)
4-methoxyphenyl (2) 205.6, −1.8 −12.75
4-fluorophenyl (3) 205.6, −1.8 −12.80 1.909(2) 1.217(3) 1.373(24)
2-pyridyl (4) 206.2, −2.0 −12.74 1.8985(13) 1.2150(19) 1.400(18)
1-cyclohexenyl (5) 205.3, −2.0 −12.80 1.914(2) 1.221(4) 1.281(27)
trimethylsilyl (6) 205.2, −3.4 −12.77
tert-butyl (7) 205.1, −2.3 −12.88
n-butyl (8) 205.2, −2.0 −12.86
cyclopropyl (9) 205.0, −2.1 −12.90
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type pincer system reported here provides a definitive example
of S−H oxidative addition that takes place at a Co(I) center.
First, NMR experiments were conducted by mixing {2,6-

(iPr2PO)2C6H3}Co(PMe3)2 with PhSH (1−5 equiv) in C6D6,
which rapidly formed the free PMe3 and a hydride species with
a diagnostic resonance at −12.07 ppm (a doublet of triplets,
2JH−P = 100.4 and 68.0 Hz). In addition to these expected
products, 1,3-(iPr2PO)2C6H4 and iPr2P(O)H were also
observed as minor impurities. The formation of the
diphosphinite is informative, suggesting that C(sp2)−H
reductive elimination can occur with the hydrido Co(III)
thiolate complex. Mixing 1,3-(iPr2PO)2C6H4 with 5 equiv
PhSH in C6D6 showed degradation of the diphosphinite but at
a rate significantly slower than those of S−H oxidation
addition and C(sp2)−H reductive elimination. In other words,
pincer degradation must take place when the ligand is still
bound to the metal. To fully characterize the oxidative addition
product, a preparative scale reaction was performed (eq 7),
which led to the isolation of {2,6-(iPr2PO)2C6H3}CoH(SPh)-
(PMe3) (10) as an orange solid. The structure of this complex,
particularly the position of the SPh group relative to the ipso
carbon, was unambiguously established by X-ray crystallog-
raphy (Figure 3). Compared to the structures of 1 and 3−5,

the three Co−P bonds in 10 are elongated by 0.02−0.03 Å.
These structural variations are in agreement with the
phosphorus resonances of 10 (197.2 and −7.4 ppm), which
are upfield-shifted from those of the hydrido Co(III) alkynyl
complexes (Table 1), although the electronic ekects (SPh vs
CCR) on the phosphorus chemical shift values may also be
important.

The solid sample of 10 was shown to be stable under an
inert atmosphere. In contrast, 10 in solution (in C6D6 sealed in
a J. Young NMR tube) turned darker over time even without
heating. The NMR spectra recorded after 3 days showed that
∼25% of 10 was converted to 1,3-(iPr2PO)2C6H4 along with

some paramagnetic species. Replacing the alkynyl groups in 1
and 3−5 with the SPh group only makes the Cipso−Co bond
marginally shorter (by 0.01 Å or less). Nevertheless, the ekect
can be augmented by the elongation of the Co−P bonds that
may lower the kinetic barrier for C(sp2)−H reductive
elimination as well as the dissociation of 1,3-(iPr2PO)2C6H4
from cobalt.
As a representative example for aliphatic thiols, 1-

pentanethiol was selected to react with {2,6-(iPr2PO)2C6H3}-
Co(PMe3)2 in C6D6 (eq 8). The reaction yielded the expected
product {2,6-(iPr2PO)2C6H3}CoH(SC5H11)(PMe3) (11), sig-
naled by a hydride resonance at −12.74 ppm and two
phosphorus resonances at 196.3 and −5.3 ppm. However, the
S−H oxidative addition did not reach completion (∼85%
conversion) even when 5 equiv of 1-pentanethiol was added
and the reaction time was extended to 24 h. An extensive
degradation of the pincer ligand and the formation of 1,3-
(iPr2PO)2C6H4 were also observed. Studies of POCOP-type
nickel pincer complexes have already taught us that the O−P
bonds are susceptible to attack by a nucleophile to trigger
decomposition pathways.34 It is thus not surprising that the
reaction of 1-pentanethiol with {2,6-(iPr2PO)2C6H3}Co-
(PMe3)2 is less selective. The coexistence of both starting
materials with 11 does suggest that they are in equilibrium.
Similar to C(sp)−H bond activation with alkynes, the S−H
oxidative addition process becomes less favorable when the
thiol substituent switches from an aryl group to an alkyl group.

Sn−H Oxidative Addition. Both C(sp)−H and S−H
bonds are polarized in such a way that the hydrogen atom
carries a slight positive charge. The polarization is reversed
with Sn−H bonds due to the comparatively low electro-
negativity associated with tin. In light of this, we wished to
know if the Co(I) pincer complex could also cleave Sn−H
bonds following an oxidative addition pathway. This type of
reaction has been less frequently explored in the past.35 To the
best of our knowledge, the only relevant work with a cobalt
complex involves the reactions of in situ generated ″(triphos)-
Co″ (triphos = CH3C(CH2PPh2)3) with Ph3SnH and
nBu3SnH to give (triphos)CoSnPh3 and (triphos)-
CoH2(SnnBu3), respectively.36
To test the reactivity of organotin hydrides, Ph3SnH (1

equiv) was first added to the solution of {2,6-(iPr2PO)2C6H3}-
Co(PMe3)2 in C6D6, which resulted in a rapid color change
from dark red to light yellow. The NMR spectra confirmed
that the reaction was selective, producing a 1:1 mixture of
PMe3 and {2,6-(iPr2PO)2C6H3}CoH(SnPh3)(PMe3) (12).
The hydride resonance of 12 was found at −15.59 ppm,
which is shifted significantly from those of 1−11 (i.e., from
−12.07 to −12.90 ppm). Apart from the tin satellites
(2JH−Sn

117,119 = 276 Hz), the splitting pattern for the hydride
remains a doublet of triplets; however, the trans 1H−Co−31P
coupling constant in 12 is noticeably smaller (81.2 Hz vs
100.8−111.6 Hz in 1−11). The phosphorus resonances for the
pincer ligand and PMe3 were located at 209.6 and −6.3 ppm,
respectively. The former is shifted downfield relative to the
phosphinite 31P resonances in 1−11. By and large, the NMR
data indicate that the introduction of the SnPh3 group onto the

Figure 3. ORTEP of {2,6-(iPr2PO)2C6H3}CoH(SPh)(PMe3) (10) at
the 50% probability level (all hydrogen atoms except the one bound
to cobalt are omitted for clarity). Selected bond lengths (Å) and
angles (deg): Co−C1 1.9269(15), Co−S1 2.2940(5), Co−P1
2.1722(4), Co−P2 2.1802(4), Co−P3 2.2677(4), Co−H
1.440(21); P1−Co−P2 154.220(18), C1−Co−P3 86.99(5), C1−
Co−S1 175.87(5).
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cobalt brings a substantial change to the molecular geometry
and the electronic environment around the metal.
For a more complete characterization of the oxidative

addition product, 12 was isolated (as a yellow solid) from a
reaction carried out in benzene (eq 9) and studied
spectroscopically. The presence of a Co−H bond was
confirmed by an IR band at 1951 cm−1, albeit with low
intensity. The success of forming a cobalt stannyl complex was
supported by a broad 119Sn resonance at −35.0 ppm (in
C6D6), which is comparable to the 119Sn resonance of
(triphos)Co(CO)SnPh3 (−31.4 ppm).36 Single crystals
suitable for crystallographic studies were obtained from a
reaction of {2,6-(iPr2PO)2C6H3}Co(PMe3)2 with Ph3SnH
performed in pentane. As shown in Figure 4, the hydride

ligand is again trans to PMe3, leaving the SnPh3 group trans to
the ipso carbon. Structural comparison of 12 with 1 and 3−5
suggests that the three Co−P bonds are elongated by ∼0.02 Å,

probably to accommodate the bulky SnPh3 group. These bond
lengths are, however, very similar to those in thiolate complex
10. What sets 12 apart from 10 is a longer Co−Cipso bond
[1.963(4) Å in 12 vs 1.9269(15) Å in 10] and a smaller iPr2P−
Co−PiPr2 angle (148.70(5)° in 12 vs 154.220(18)° in 10).
Despite the lack of conformational flexibility with the POCOP-
type pincer ligands,37 the Co−Cipso bond can serve as a
reporter for the trans-influence of the opposing ligand. The
crystallographic data of 1, 3−5, 10, 12, and the previously
reported {2,6-(iPr2PO)2C6H3}CoH(SiH2Ph)(PMe3)3b allow
us to deduce a trans-influence series of SnPh3 ∼ SiH2Ph >
CCR > SPh, which agrees reasonably well with the order
calculated for trans-(Me3P)2PtX(Cl).38

As one might have anticipated, replacing Ph3SnH with
nBu3SnH resulted in an incomplete reaction with {2,6-
(iPr2PO)2C6H3}Co(PMe3)2. When nBu3SnH was added in
large excess (10 equiv), ∼95% of the Co(I) pincer complex
was converted to {2,6-(iPr2PO)2C6H3}CoH(SnnBu3)(PMe3)
(13) along with the dissociated PMe3 (eq 10). Attempts to
purify 13 were thwarted by the reversibility of the reaction and
the decomposition of the product during workup. The
oxidative addition product generated in situ (in C6D6)
displayed a hydride resonance at −15.82 ppm as a doublet
of triplets (2JH−P = 78.8 and 68.8 Hz) with tin satellites
(2JH−Sn

117,119 = 272 Hz) and two phosphorus resonances at
212.0 and −2.8 ppm. The presence of a Co−SnnBu3 moiety
was confirmed by a broad 119Sn resonance centered at 5.7
ppm; for comparison, (triphos)Co(H)2(SnnBu3) was reported
to have a 119Sn resonance at 17.8 ppm.36

Figure 4. ORTEP of {2,6-(iPr2PO)2C6H3}CoH(SnPh3)(PMe3) (12)
at the 50% probability level (all hydrogen atoms except the one bound
to cobalt are omitted for clarity). Selected bond lengths (Å) and
angles (deg): Co−C1 1.963(4), Co−Sn1 2.5598(5), Co−P1
2.1717(11), Co−P2 2.1840(10), Co−P3 2.2576(11), Co−H
1.329(57); P1−Co−P2 148.70(5), C1−Co−P3 86.57(12), C1−
Co−Sn1 174.11(12).

Table 2. Hydrostannation of Alkynes with Ph3SnHa

entry Ar catalyst (catalyst loading) temperature, time conversion β-(Z):β-(E):α
1b 4-CH3OC6H4 (L2X)Co(PMe3)2 (5 mol %) RT, 12 h >99% 95:4:1
2c 4-CH3OC6H4 (L2X)Co(PMe3)2 (5 mol %) RT, 12 h >99% 91:6:3
3 4-CH3OC6H4 (L2X)Co(PMe3)2 (5 mol %) 80 °C, 2 h >99% 54:35:11
4 4-CH3OC6H4 (L2X)Co(PMe3)2 (0.5 mol %) RT, 24 h 91% 48:34:18
5 4-CH3OC6H4 12 (5 mol %) RT, 12 h 83% 49:38:13
6 4-CH3OC6H4 2 (5 mol %) RT, 12 h 82% 50:37:13
7 4-CH3OC6H4 no catalyst RT, 24 h 40% 66:33:1
8 4-CH3OC6H4 no catalyst RT, 24 h then 80 °C, 2 h 82% 26:73:1
9 4-CH3OC6H4 PMe3 (5 mol %) RT, 24 h 13% 87:13:<1
10 4-CH3OC6H4 PMe3 (5 mol %) RT, 24 h then 80 °C, 2 h 80% 30:68:2
11 4-FC6H4 (L2X)Co(PMe3)2 (5 mol %) RT, 12 h >99% 95:5:<1
12 C6H5 (L2X)Co(PMe3)2 (5 mol %) RT, 12 h 97% >99:<1:<1

aReaction conditions: ArCCH (0.18 mmol), Ph3SnH (0.22 mmol), and a catalyst mixed in C6D6 (600 μL) and kept in the dark. Conversions
and product ratios were determined by NMR spectroscopy. b(L2X)Co(PMe3)2 = {2,6-(iPr2PO)2C6H3}Co(PMe3)2. RT = 23 °C. cReaction was
exposed to ambient fluorescent light.
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Implications in Catalysis. The fact that {2,6-
(iPr2PO)2C6H3}Co(PMe3)2 can activate both terminal alkynes
and thiols prompted us to explore its catalytic activity for the
hydrothiolation of terminal alkynes. In our first attempted
catalytic study, PhSH, phenylacetylene, and {2,6-
(iPr2PO)2C6H3}Co(PMe3)2 were mixed in a 24:20:1 ratio
(in C6D6) and monitored by NMR spectroscopy. No
hydrothiolation products were detected when the mixture
was kept at room temperature or heated at 80 °C for 16 h.
Similarly, compound 1 isolated from the C(sp)−H oxidative
addition reaction (eq 5) showed no catalytic activity for the
hydrothiolation of phenylacetylene with PhSH. In fact, mixing
1 with PhSH (1 or 2 equiv) resulted in rapid formation of the
S−H bond activated product 10 and phenylacetylene (eq 11).
According to the commonly proposed mechanisms for the
hydrothiolation reaction,26a 1 could potentially undergo
isomerization to give a vinylidene intermediate, which in
turn could be subject to a nucleophilic attack by the thiol.
Alternatively, 10 could dissociate PMe3 to allow the alkyne to
bind to cobalt and then insert into the Co−SR bond. The lack
of catalytic reactivity here suggests that neither process is
feasible with the POCOP-pincer supported cobalt system.

Catalytic hydrostannation of alkynes provides quick access
to alkenylstannanes that can be used for Kosugi-Migita-Stille
cross-coupling reactions.39 To date, many transition metal-
based catalysts have been developed, although for cobalt-based
systems, only CoCl2(PPh3)2 is known to catalyze the
hydrostannation of alkynes and the results were not always
reproducible.40 This motivated us to conduct a series of
experiments focusing on the reaction of 4-ethynylanisole with
Ph3SnH catalyzed by the cobalt pincer complexes.41 When
{2,6-(iPr2PO)2C6H3}Co(PMe3)2 was employed as the catalyst
(5 mol %), the reaction studied at room temperature was
complete within 12 h, akording a 95:4:1 mixture favoring the
β-(Z) isomer (Table 2, entry 1). The catalytic reaction was
performed in the dark to minimize the degradation of Ph3SnH
to Ph6Sn2.42 However, a sample intentionally exposed to
ambient light throughout the experiment showed very similar
results in terms of both conversion and regioselectivity (entry
2). Raising the temperature to 80 °C (entry 3) or lowering the
catalyst loading to 0.5 mol % (entry 4) led to a significant
erosion of regioselectivity and, notably, an increased amount of

the α isomer. To our surprise, the Co(III) hydride complexes
12 and 2 resulting from Sn−H and C(sp)−H bond activation,
respectively, displayed diminished catalytic activity when
compared to the parent complex, {2,6-(iPr2PO)2C6H3}Co-
(PMe3)2 (entries 5 and 6 vs entry 1). In addition, the
regioselectivity was poorer when the reaction was catalyzed by
12 or 2, with the β-(Z) isomer representing only ∼50% of the
total hydrostannation products.
Hydrostannation of alkynes can take place without a catalyst

but often requires heating.43 Our control experiment
confirmed that, at room temperature for 24 h, the uncatalyzed
reaction converted 40% of 4-ethynylanisole to a 66:33:1
mixture of the β-(Z), β-(E), and α isomers (Table 2, entry 7).
Heating this reaction mixture at 80 °C for an additional 2 h
increased the conversion of 4-ethynylanisole to 82% and the
percentage of the thermodynamically more stable β-(E) isomer
to 73% (entry 8). Considering that PMe3 can be released from
{2,6-(iPr2PO)2C6H3}Co(PMe3)2, we also ran a control experi-
ment of the hydrostannation reaction in the presence of PMe3
(5 mol %). Interestingly, PMe3 played an inhibitory role when
the reaction was carried out at room temperature (entry 9 vs
entry 7), although at 80 °C, the ekect was negligible (entry 10
vs entry 8). It is possible that PMe3 may interact with the tin
hydride44 or perhaps intercept some radical intermediates45
that could slow down the hydrostannation process.
At this point, the mechanistic details for the cobalt-catalyzed

hydrostannation of 4-ethynylanisole with Ph3SnH remain
unclear to us. The reaction is unlikely catalyzed by nonpincer
fragments because, under the catalytic conditions, degradation
of the pincer framework is negligible. What is more certain is
that {2,6-(iPr2PO)2C6H3}Co(PMe3)2 and 12/2 follow diker-
ent mechanistic pathways, as judged by the discrepancy in
conversion and regioselectivity (Table 2, entries 5 and 6 vs
entry 1). The two Co(III) hydride complexes nonetheless
converge to the same catalytic cycle. The stoichiometric
reaction of 12 with 4-ethynylanisole and the stoichiometric
reaction of 2 with Ph3SnH were studied separately (Scheme
3). The two experiments yielded a nearly identical mixture that
consisted of 12, 2, and the three hydrostannation products
with isomeric ratios similar to those observed in the catalytic
reactions. Studies of other metal systems have suggested that
alkyne insertion into a M−Sn bond favors the α isomers.46
Such a mechanism could be operating here, especially with 12
(or 2 via 12), but is unlikely to be the major pathway. Using
{2,6-(iPr2PO)2C6H3}Co(PMe3)2 as the catalyst undoubtedly
changes the reaction mechanism so that the selectivity favors
the β-(Z) isomer, not only for 4-ethynylanisole but also for 1-
ethynyl-4-fluorobenzene and phenylacetylene (Table 2, entries
11 and 12). We speculate that a Lewis acidic cobalt center and
the dissociated PMe3 might act synergistically in catalyzing the
reaction. This hypothesis will be tested experimentally and
computationally in a future study.

Scheme 3. Hydrostannation of 4-Ethynylanisole with Ph3SnH Following a “Tin Hydride-First” or an “Alkyne-First” Approach
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p CONCLUSIONS
In summary, we have demonstrated that the combination of a
POCOP-type pincer ligand and PMe3 allows Co(I) to activate
C(sp)−H, S−H, and Sn−H bonds via an oxidative addition
pathway. These reactions are reversible, implying that
reductive elimination reactions with the Co(III) species are
also feasible on the same ligand platform. The equilibria are
greatly influenced by the substituents on acetylenes, thiols, and
tin hydrides; it can be generalized that having electron-
withdrawing substituents favors the oxidative addition
products. The formation of the hydrido Co(III) alkynyl,
thiolate, and stannyl complexes could provide the must-needed
mechanistic basis for transition metal-catalyzed hydrothiolation
and hydrostannation of alkynes. On the other hand, our failed
hydrothiolation reaction comes as a warning that the success of
a metal complex to activate both reactants does not necessarily
translate to a successful catalytic reaction. In any case, our
Co(I) pincer complex is an ekective catalyst for the
hydrostannation of terminal alkynes with Ph3SnH that can
yield β-(E)-alkenylstannanes selectively. Despite the fact that
the alkynes and Ph3SnH can be added oxidatively to Co(I), the
resulting hydrido Co(III) alkynyl and stannyl complexes are
unlikely involved as the main intermediates in the catalytic
cycles. Our future ekorts will be focused on further
mechanistic elucidation and the reactions of molecules with
more polarized bonds.

p EXPERIMENTAL SECTION
General Methods. Unless otherwise noted, all organometallic

compounds were prepared and handled under an argon atmosphere
using standard glovebox and Schlenk techniques. Dry and oxygen-free
toluene and pentane were collected from an Innovative Technology
solvent purification system and used throughout the experiments.
Benzene-d6 (99.5% D) and benzene were dried over sodium
benzophenone and distilled under an argon atmosphere. Anhydrous
and inhibitor-free tetrahydrofuran (THF) was purchased from Sigma-
Aldrich (packed in a Sure/Seal bottle) and used as received without
further purification. {2,6-(iPr2PO)2C6H3}Co(PMe3)2,3b HCo-
(PMe3)4,47 and {2,6-(iPr2PO)2C6H3}Co(CO)23a were prepared as
described in the literature. Triphenyltin hydride (95%) was purchased
from AA Blocks, and tert-butylacetylene (98%) was purchased from
Thermo Scientific Chemicals; they were used as received without
further purification. NMR spectra were recorded on a Bruker AV400
or NEO400 NMR spectrometer. The chemical shift values for 1H and
13C{1H} NMR spectra were referenced internally to the residual
solvent resonances. 31P{1H} spectra were referenced externally to 85%
H3PO4 (0 ppm). 119Sn{1H} NMR spectra were referenced externally
to SnMe4 in a 5% v/v solution (0 ppm, in C6D6). Using this reference,
the 119Sn resonances of Ph3SnH and Ph6Sn2 (present in the purchased
sample of Ph3SnH) appeared at −161.4 and −139.8 ppm,
respectively. IR spectra were recorded on a PerkinElmer Spectrum
Two Fourier transform infrared spectrometer equipped with a Smart
Orbit diamond attenuated-total-reflectance (ATR) accessory. Syn-
thetic procedures and characterization data for the representative
compounds (1, 10, and 12) are described below. The results for other
cobalt complexes are provided in the Supporting Information.
Safety Statement. Most organotin compounds are highly toxic

and should be carefully handled in a well-ventilated fume hood while
wearing appropriate PPE.
Synthesis of {2,6-(iPr2PO)2C6H3}CoH(CCPh)(PMe3) (1). In a

flame-dried Schlenk flask, {2,6-(iPr2PO)2C6H3}Co(PMe3)2 (50 mg,
0.091 mmol) was dissolved in ∼10 mL of toluene, after which
phenylacetylene (10.0 μL, 0.091 mmol) was added. The resulting
mixture was stirred at room temperature for 15 min and then filtered
into another Schlenk flask (via a cannula) to remove a small amount
of insoluble material. Evaporating the toluene solution under vacuum

akorded the desired product as an ok-white solid (37 mg, 71% yield).
X-ray quality crystals were grown at room temperature in a
scintillation vial by slow dikusion of pentane into a saturated solution
of 1 in toluene. 1H NMR (400 MHz, C6D6, δ): 7.42 (d, 3JH−H = 8.0
Hz, ArH, 2H), 7.15−7.12 (m, ArH, 2H), 6.95 (t, 3JH−H = 8.0 Hz, ArH,
1H), 6.80 (t, 3JH−H = 8.0 Hz, ArH, 1H), 6.63 (d, 3JH−H = 7.6 Hz, ArH,
2H), 2.79−2.64 (m, CH(CH3)2, 2H), 2.61−2.44 (m, CH(CH3)2,
2H), 1.67−1.52 (m, CH(CH3)2, 6H), 1.47−1.37 (m, CH(CH3)2,
6H), 1.37−1.27 (m, CH(CH3)2, 6H), 1.13−1.03 (m, CH(CH3)2,
6H), 0.99 (d, 2JH−P = 7.2 Hz, P(CH3)3, 9H),−12.76 (dt, 2JH−P =
111.6 and 60.8 Hz, CoH, 1H). 13C{1H} NMR (101 MHz, C6D6, δ):
164.4 (td, J = 9.1 and 4.0 Hz, C2 and C6 of the pincer unit), 131.2 (s,
ArC), 130.6 (s, ArC), 127.4 (s, ArC), 125.7 (d, 3JC−P = 3.0 Hz, CoC
 C), 123.8 (s, ArC), 116.8 (s, ArC), 104.6 (td, J = 5.0 and 3.2 Hz,
C3 and C5 of the pincer unit), 34.9 (td, J = 8.8 and 4.1 Hz,
CH(CH3)2), 30.1 (td, J = 13.8 and 10.0 Hz, CH(CH3)2), 18.5 (dt,
1JC−P = 9.3 Hz, 3JC−P = 4.2 Hz, P(CH3)3), 18.1 (t, J = 2.0 Hz,
CH(CH3)2), 18.0 (s, CH(CH3)2), 17.9 (t, J = 2.0 Hz, CH(CH3)2),
17.1 (t, J = 2.2 Hz, CH(CH3)2); the two CoC resonances were not
located. 31P{1H} NMR (162 MHz, C6D6, δ): 205.8 (br, OPiPr2,
2P),−1.9 (br, PMe3, 1P). Selected ATR-IR data (solid, cm−1): 2087
(νCC), 1977 (νCo−H). Anal. Calcd for C29H46O2P3Co: C, 60.21; H,
8.01. Found: C, 60.32; H, 8.02.

Synthesis of {2,6-(iPr2PO)2C6H3}CoH(SPh)(PMe3) (10). To a flame-
dried Schlenk flask equipped with a stir bar were added {2,6-
(iPr2PO)2C6H3}Co(PMe3)2 (25 mg, 0.045 mmol), toluene (∼10
mL), and thiophenol (9.3 μL, 0.091 mmol). The mixture was stirred
at room temperature for 5 min and then concentrated under vacuum.
The resulting yellowish oily residue was treated with pentane (5 mL ×
3) and filtered into another Schlenk flask via a cannula. The combined
pentane solutions were concentrated under vacuum to ∼1 mL and
kept in a−30 °C freezer. Crystals formed within a day, which were
collected by decanting the mother liquor and dried under vacuum.
The desired product was isolated as an orange solid (18 mg, 68%
yield). X-ray quality crystals were grown at −30 °C in a scintillation
vial from a saturation solution of 10 in pentane. 1H NMR (400 MHz,
C6D6, δ): 7.95 (d, 3JH−H = 6.8 Hz, ArH, 2H), 7.10 (t, 3JH−H = 7.6 Hz,
ArH, 2H), 6.89 (t, 3JH−H = 6.8 Hz, ArH, 1H), 6.75 (t, 3JH−H = 8.0 Hz,
ArH, 1H), 6.56 (d, 3JH−H = 8.0 Hz, ArH, 2H), 2.90 (heptet of virtual
triplets, 3JH−H = 7.2 Hz, J = 2.3 Hz, CH(CH3)2, 2H), 2.45 (heptet,
3JH−H = 7.2 Hz, CH(CH3)2, 2H), 1.40−1.24 (m, CH(CH3)2, 18H),
1.24−1.17 (m, CH(CH3)2, 6H), 0.90 (d, 2JH−P = 7.2 Hz, P(CH3)3,
9H),−12.07 (dt, 2JH−P = 100.4 and 68.0 Hz, CoH, 1H). 13C{1H}
NMR (101 MHz, C6D6, δ): 164.9 (td, J = 8.9 and 4.6 Hz, C2 and C6
of the pincer unit), 150.4 (d, 3JC−P = 13.1 Hz, CoSC), 135.2 (s, CoC),
132.4 (s, ArC), 127.3 (s, ArC), 125.9 (d, 4JC−P = 3.7 Hz, C2 and C6 of
the SPh group), 120.8 (s, ArC), 104.9 (td, J = 5.1 and 3.9 Hz, C3 and
C5 of the pincer unit), 34.7 (td, J = 7.4 and 4.7 Hz, CH(CH3)2), 32.4
(td, J = 13.0 and 9.6 Hz, CH(CH3)2), 18.9 (t, J = 2.5 Hz, CH(CH3)2),
18.5 (s, CH(CH3)2), 17.8 (s, CH(CH3)2), 17.6 (t, J = 2.3 Hz,
CH(CH3)2), 16.2 (dt, 1JC−P = 21.4 Hz, 3JC−P = 1.8 Hz, P(CH3)3).
31P{1H} NMR (162 MHz, C6D6, δ): 197.2 (br, OPiPr2, 2P),−7.4 (br,
PMe3, 1P). Selected ATR-IR data (solid, cm−1): 1959 (νCo−H). Anal.
Calcd for C27H46O2P3SCo: C, 55.29; H, 7.90. Found: C, 55.43; H,
8.02.

Synthesis of {2,6-(iPr2PO)2C6H3}CoH(SnPh3)(PMe3) (12). In a
flame-dried Schlenk flask, {2,6-(iPr2PO)2C6H3}Co(PMe3)2 (50 mg,
0.091 mmol) was dissolved in ∼10 mL of benzene, after which
triphenyltin hydride (32 mg, 0.091 mmol) was added. The resulting
mixture was stirred at room temperature for 5 min and then filtered
into another Schlenk flask via a cannula. Evaporating the benzene
solution under vacuum akorded the desired product as a light yellow
solid (54 mg, 72% yield). X-ray quality crystals were obtained from a
solution of 12 (generated in situ by mixing {2,6-(iPr2PO)2C6H3}Co-
(PMe3)2 with 1 equiv of Ph3SnH) in pentane kept at −30 °C. 1H
NMR (400 MHz, C6D6, δ): 7.89 (d, 3JH−H = 6.4 Hz, with tin satellites,
3JH−Sn

117,119 = 31.2 Hz, ArH ortho to Sn, 6H), 7.29−7.19 (m, ArH,
6H), 7.19−7.15 (m, ArH, 4H), 6.87 (t, 3JH−H = 7.6 Hz, ArH, 1H),
6.69 (d, 3JH−H = 7.6 Hz, ArH, 2H), 2.62 (heptet, 3JH−H = 7.2 Hz,
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CH(CH3)2, 2H), 2.26 (heptet, 3JH−H = 7.2 Hz, CH(CH3)2, 2H),
1.28−1.14 (m, CH(CH3)2, 12H), 1.13−1.06 (m, CH(CH3)2, 6H),
1.03 (d, 2JH−P = 6.8 Hz, P(CH3)3, 9H), 0.91−0.76 (m, CH(CH3)2,
6H),−15.59 (dt, 2JH−P = 81.2 and 68.0 Hz, with tin satellites,
2JH−Sn

117,119 = 276 Hz, CoH, 1H). 13C{1H} NMR (101 MHz, C6D6,
δ): 164.3−163.9 (m, C2 and C6 of the pincer unit), 151.8−151.7 (m,
ArC), 138.5 (s, with tin satellites, 2JC−Sn

117,119 = 33.2 Hz, ArC in
SnPh3), 127.7 (s, ArC), 127.2 (s, with shoulders, ArC in SnPh3),
126.5 (d, JC−P = 3.0 Hz, ArC), 104.7 (td, J = 4.8 and 2.9 Hz, C3 and
C5 of the pincer unit), 35.3−34.4 (m, CH(CH3)2), 22.1 (d, 1JC−P =
23.0 Hz, P(CH3)3), 19.9 (s, CH(CH3)2), 19.3 (s, CH(CH3)2), 18.7
(s, CH(CH3)2), 17.8 (s, CH(CH3)2); one ArC resonance was not
located. 31P{1H} NMR (162 MHz, C6D6, δ): 209.6 (br, OPiPr2,
2P),−6.3 (br, PMe3, 1P). 119Sn{1H} NMR (149 MHz, C6D6, δ):−
35.0 (br). Selected ATR-IR data (solid, cm−1): 1951 (νCo−H). Anal.
Calcd for C39H56O2P3SnCo: C, 56.61; H, 6.82. Found: C, 57.02; H,
6.85.
General Procedure for the Catalytic Hydrostannation

Reaction. In a glovebox, {2,6-(iPr2PO)2C6H3}Co(PMe3)2 (5.0 mg,
9.1 μmol) was transferred into a J. Young NMR tube, after which an
alkyne (0.18 mmol) and Ph3SnH (76 mg, 0.22 mmol, 1.2 equiv) were
added sequentially, followed by the addition of C6D6 (600 μL). The
NMR tube was taken out of the glovebox and placed in a rotary
container to protect the reaction from light while ensuring a good
mixing. The progress of the reaction was monitored by NMR
spectroscopy. To determine the NMR yields for the products,
mesitylene (25 μL, 0.18 mmol) was added to the reaction mixture as
an internal standard.
X-Ray Structure Determinations. Crystal data collection and

refinement parameters are provided in the Supporting Information.
The intensity data were collected at 150 K on a Bruker D8 Venture
Photon-II dikractometer (1, 3·C4H8O, 4, 10, and 12) or Bruker
APEX-II CCD dikractometer (5) using Mo Kα radiation, λ = 0.71073
Å. The data frames were processed using the program SAINT. The
data were corrected for decay, Lorentz, and polarization ekects as well
as absorption and beam corrections. The structures were solved by a
combination of direct methods and the dikerence Fourier technique
as implemented in the SHELX suite of programs and refined by full-
matrix least-squares on F2 for reflections out to 0.75 Å (1, 4, 5, 10,
and 12) or 0.80 Å (3·C4H8O). Nonhydrogen atoms were refined with
anisotropic displacement parameters. Hydride ligands were all located
directly from the dikerence map, and their coordinates were refined.
The isotropic displacement parameters of the hydrides were refined
with the exception of 3·C4H8O and 5. The remaining hydrogen atoms
were calculated and treated with a riding model. The isotropic
displacement parameters were defined as a*Ueq (a = 1.5 for methyl,
1.2 for all others) of the adjacent atom. Compound 3 crystallizes as a
THF solvate. With the exception of 10, the crystallographically
characterized Co(III) hydride complexes show varying sites and
degree of disorder; each was refined with a two-component model.
The disorder includes an isopropyl group in 1 and 12, an isopropyl
group and the cocrystallized THF molecule in 3·C4H8O, the ortho
positions of the pyridyl ring in 4, and the cyclohexenyl ring in 5.
Crystal structures of 1, 3·C4H8O, 4, 5, 10, and 12 were deposited at
the Cambridge Crystallographic Data Centre (CCDC) and assigned
the deposition numbers CCDC 2352515−2352520.
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