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Naphthyl and biphenyl para-substituted POCOP-
Ni(II) pincer complexes as efficient catalysts
in C–S cross-coupling reactions†

Luis E. López-Robledo,a Evelin E. Ortiz-Fuentes,a Ernesto Rufino-Felipe, ‡a

Juan S. Serrano-Garcı́a, a Antonino Arenaza-Corona, a

Simón Hernandez-Ortega,a Hugo Valdés, b Lucero Gonzalez-Sebastian, c

Viviana Reyes-Márquez d and David Morales-Morales *a

A series of six novel para-poly-aromatic acyl-functionalized nickel POCOP-pincer complexes,

[NiCl{C6H2-4-Y-2,6-(OPR2)2}] (Y = [1,10-biphenyl]-4-carboxylate, 2-naphthoate, R = iPr, tBu, Ph), have

been synthesized in a straightforward manner in high yields. All new complexes have been fully

characterized by standard techniques and three of them unequivocally confirmed by single crystal X-ray

diffraction analysis. The catalytic activity of the complexes was examined in C–S cross coupling reac-

tions of iodobenzene with both aryl and alkyl thiols showing high conversions with low catalyst loadings.

Introduction

Pincer metal complexes provide robust architectures that con-
tinue to find notable applications in organometallic chemistry
and homogenous catalysis.1–15 In particular, mer-tridentate
ligands bearing aromatic backbones enable efficient fine-
tuning of their electronic properties by substitution on the aryl
moiety with either electron-donating or electron-withdrawing
groups. Besides, the functionalization of the main framework
with suitable groups allows the introduction of molecular
recognition sites and the immobilization of these pincer com-
plexes to solid supports. In this sense, some pincer complexes
bearing anchoring groups (i.e. connectors) such as –OH, –NR2,
–OSiR3 or halogens have been reported as precursors for
preparing hybrid materials, such as metallodendrimers, and

heterogeneous catalysts via their immobilization on e.g., silica
or polymers.16–18 Hence, these hybrid materials have been
successfully used as catalytic materials in both homogeneous
and heterogeneous catalysis and materials science.19–31 In this
context, Bergbreiter et al. prepared a para-NH2 functionalized
SCS-Pd pincer complex, which was subsequently attached to a
soluble polymer support, polyethylene glycol, affording a highly
stable and recyclable catalyst for the Heck reaction (Chart 1).32

Other interesting examples have been described by van Koten
et al., who synthesized a series of cationic para-substituted
NCN-Pd pincer complexes using a strategically substituted
group bearing two anchoring points, which allowed both the
immobilization (–SMe3) and introduction of an additional
functional group (Y). These functionalized NCN-Pd complexes
were successfully used as catalysts in the aldol reaction between
methyl isocyanoacetate and various substituted benzaldehydes,
achieving moderate conversions (Chart 1).33 Noteworthily, the
above-described species were prepared by the initial para-
functionalization of the free ligands, followed by their metala-
tion in multistep synthetic routes that produced pincer com-
plexes, albeit in low yields.

Recently, we have become interested in the chemistry of
para-substituted aryl phosphine-based pincers as an extension
of our related work with POCOP-based variants. This interest
has been motivated by the potential to exploit additional
reaction control for the unique steric profile of these complexes
through the functionalization of the main framework. In 2015,
we reported the synthesis of a series of para-ester substituted
Ni-POCOP pincer complexes (Chart 1).34 We have extended this
work to novel pincer platforms to explore their organometallic
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chemistry, thus herein, we present our findings in the
chemistry of nickel POCOP-pincer complexes, of the type
[NiCl{C6H2-4-OY-2,6-(OPR2)2}] (R = iPr, tBu, Ph) with poly-
aromatic acyl scaffolds (Y). These compounds were generated
by the para-OH esterification from readily available starting
materials and through a versatile and straightforward method
in high yields. Poly-aromatic substituents were selected due to
their high thermal stability and resistance to redox processes.
The catalytic performance of these new functionalized nickel
POCOP-pincer complexes in C–S couplings of iodobenzene with
various aryl and alkyl thiol derivatives is also presented.

Results and discussion
Synthesis and functionalization of the para-hydroxy
substituted POCOP nickel pincer complexes

Using a procedure previously reported by our group, para-
hydroxy Ni-POCOP pincer compounds (1 = iPr, 2 = tBu and
3 = Ph) were prepared via a simple reaction of phloroglucinol
and the corresponding chlorophosphine, followed by direct
metalation with NiCl2. All the nickel complexes were character-
ized by NMR (1H, 13C and 31P) and structurally confirmed by
direct comparison with previously reported data.34,35 After-
wards, the functionalization of the –OH group was carried out
following a slightly modified procedure previously reported by

our research group to afford its corresponding ester
derivatives.34 This synthetic route is shown in Scheme 1.

In the first step the –OH group was deprotonated by treat-
ment with a base (NaB(OMe)4) in dry THF at room temperature
for 2 h to give the phenoxide salts [{4-NaO-C6H2-2,6-(OPR2)}-
NiCl], then in situ the aromatic acyl chloride was added to the
reaction mixture at room temperature to give, after 12 h of
stirring, the air-stable complexes: 4, 5 and 6 [1,10-biphenyl-4-
carbonyl chloride] derivatives and the complexes 7, 8 and 9
produced by the treatment with 2-naphthoyl chloride. All
functionalized Ni(II) pincer complexes (4–9) were purified by
column chromatography obtaining analytically pure materials
as yellow crystalline solids in good isolated yields (80–89%). All
these new complexes were fully characterized by NMR spectro-
scopy (1H, 13C and 31P), FTIR, mass spectrometry and elemental
analyses.

NMR analysis of complexes 4–9 suggests that they all have
C2v symmetry in solution. In the 31P{1H} NMR spectra of the
pincer compounds 4–9 a singlet was observed, consistent with
the symmetric nature of the pincer complexes (4: d 187.21 ppm,
5: d 189.7 ppm, 6: d 142.8 ppm, 7: d 187.2 ppm, 8: d 189.7 ppm,
and 9: d 142.7 ppm). Analysis by 1H NMR afforded spectra that
displayed typical signals in the region for aromatic protons,
which were assigned to the pincer backbone and either
naphthyl or biphenyl protons between d 8.75 and 6.37 ppm,
along with the signals corresponding to the phosphine sub-
stituents (R = iPr, tBu, Ph). The 13C{1H} NMR spectra provided

Chart 1 Selected examples of functionalized metallic pincer complexes.
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further structural information exhibiting signals of the meta-
lated C–Ni carbon as apparent triplets due to their coupling with
the mutually trans-phosphorous nuclei at 123.2–121.4 ppm with
values of 2JCP between 21–24 Hz. In addition, the presence of the
CQO from the ester group was evidenced by its characteristic
signal between d 165.2–164.9 ppm. The FT-IR spectra of
the series of complexes exhibited a key band between 1735
and 1722 cm�1 assigned to vCQO. Mass spectra also confirmed
the formation of the complexes, the resulting spectra exhibiting
the molecular ions [M]+ at 741, 605, 661, 766, 631 and 688 m/z for
complexes 4, 5, 6, 7, 8 and 9, respectively. The results obtained
from elemental analysis of all the compounds are also in
agreement with the proposed structural formulations.

X-Ray diffraction analysis

It was possible to obtain three crystalline structures of the
complexes 4, 8 and 9. Crystals of complex 4 were obtained by

slow evaporation from a saturated dichloromethane solution,
while those of complexes 8 and 9 were produced from their
corresponding concentrated toluene solutions at room tem-
perature. All compounds crystallized in a monoclinic system.
The asymmetric unit of crystal 4 consists of two molecules of
the pincer compound and two molecules of dichloromethane.
Complex 8 crystallized with a molecule of toluene, while
complex 9 crystallized without dissolvent. The crystallographic
data of the compounds are summarized in Table S1 (ESI†) and
the selected bond distances are listed in Table S2 (ESI†). The
molecular structures of the compounds are shown in Fig. 1.

The carbon–nickel (C–Ni) bond distances were found to be
around 1.882 Å, while the Ni–Cl bond lengths ranged from
2.1829 to 2.2049 Å, consistent with similar compounds.36 On
the other hand, the P–Ni bond lengths varied from 2.1533 to
2.1934 Å depending on the substituent of the phosphine group:
ditertbutyl groups resulted in longer bonds and diisopropyl or

Fig. 1 Molecular structures of compounds (a) 4, (b) 8, and (c) 9. Thermal ellipsoids are drawn at a 30% probability level, the disordered part (compound
8), hydrogen atoms and solvent molecules are omitted for clarity.

Scheme 1 Synthesis of para-functionalized POCOP-Ni(II) pincer complexes.
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diphenyl produced shorter bonds. The angles between the two
atoms in the trans positions around nickel (+C–Ni–Cl and +P–
Ni–P) were close to a linear angle of 1801 (Table S2, ESI†).

Supramolecular analysis of non-covalent interactions

Supramolecular structures are supported via CH� � �p, O� � �H,
and CH� � �Cl non-covalent interactions (Table S3, ESI†). Three
kinds of CH–p interactions support the crystal packing of
complex 4, in addition, the molecules of solvent (DCM) are in
alternate positions, interacting via a CH� � �O interaction with
the oxygen of the ester (Fig. 2a). A dimeric interaction sup-
ported by two reciprocal O� � �H interactions by the ester bridge
was observed for the most stable conformation of complex 8
(Fig. 2b). Similarly, two dimeric interactions were observed in
complex 9 this time both supported by CH–p interactions
(Fig. 3a and b). Despite the three complexes containing many
aromatic fragments, no p–p stacking was observed.

Hirshfeld surface analysis

For more clarity, we examined the nature of intermolecular
interactions of the molecular structure using CrystalExplorer37

software. Hirshfeld surface analysis and two-dimensional fin-
gerprint plots38 for the three compounds (Fig. 5a) were com-
puted. The principal interactions (red regions) on the surface
(close contacts) were due to O� � �H/H� � �O, and other (H� � �H,
H� � �C/C� � �H) interactions are highlighted by conventional
mapping of dnorm on molecular Hirshfeld surfaces for the three
complexes in Fig. 4. For compound 4, the surface was created
for a single molecule of the pincer unity, while for 8 all
orientations of the disordered molecule with their partial
occupancies were included. Reciprocal O� � �H/H� � �O, C� � �H/
H� � �C, and Cl� � �H/H� � �Cl contacts were represented in complex
9 as two symmetrical wings in the fingerprint decomposed
plots (Fig. 5b). The most predominant interactions in all the
complexes were H� � �H contacts (see Table 1 and Fig. 6).

Catalytic activity

Among cross-coupling reactions catalyzed by transition metals,
C–S couplings have a significant importance to the pharma-
ceutical industry, enabling the production of a wide variety of
important bioactive sulfur compounds such as truxal, metixene
and nelfinavir, for instance.39–44 Because of this, the study of C–

Fig. 2 (a) Crystal packing of 4 and (b) the dimeric structure interaction of compound 8.

Fig. 3 Two dimeric interactions for complex 9 via CH–p.
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S bonds formation has attracted increasing interest, leading to
the development of efficient methodologies for the production
of these compounds utilizing transition metal catalysts.

Particularly, catalytic cross-couplings of aryl halides and aryl
thiols offer a simple and efficient route for the synthesis of
diaryl sulfides and they have been developed using various

Fig. 4 Hirshfeld surface mapped over dnorm for compounds (a) 4 (b) 8 and (c) 9.

Fig. 5 (a) Fingerprints of complexes 4, 8 and 9. (b) Representative decomposed fingerprint plots for compound 9.
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metal-based catalysts such as Co,45,46 Cu,47,48 Pd,49,50 and
Ni.51,52 Hence, considering that some Ni(II)-POCOP pincer
complexes have been successfully employed as catalysts for
catalytic C–S coupling reactions53–56 we decided to explore the
scope of a series of novel para-poly-aromatic nickel POCOP-
pincer complexes 4–9 in the thiolation of iodobenzene under
the optimized reaction conditions previously established in our
laboratory using analogous catalytic systems.

The catalytic activity of complexes 1–9 was evaluated in the
C–S cross-coupling reaction. All nickel complexes were
screened in the coupling reaction of iodobenzene with thio-
phenol (selected as the model reaction) using KOtBu as base in
DMF at 110 1C for 20 h. Blank tests showed no significant
activity without the Ni-POCOP catalyst (o0.5%). The results are
summarized in Table 2. In general, all compounds, with the
exception of complexes 4 and 2, demonstrated to be efficient
catalysts in this process affording the coupled product
(thioether) in high yields (87–100%). Regarding the functiona-
lized complexes, the highest conversions were achieved with
complexes 7 and 8. Interestingly, a comparison between
complex 7 (99% yield) and its related non-substituted Ni-
POCOP pincer complex 1 (100% yield) under the optimized
reactions conditions afforded a very similar catalytic perfor-
mance. Furthermore, the catalytic activity of complex 2 was
significantly increased from 12% yield to 97% (5) and 99% (8)
yield after functionalization with biphenyl and naphthyl
fragments.

Encouraged by these results, we turned our attention to
extend the scope of this reaction using a series of aromatic and
aliphatic thiol derivatives and complex 7 as a catalyst (Table 3).

The variation of the electronic and steric nature of the aryl
thiol had an impact on the reaction efficiency and as a result,
aromatic thiols with both electron-donating and electron-
withdrawing substituents at the ortho-position, such as 2b
and 2c afforded the coupling product in a high yield (Table 3,
entries 2 and 3), while those bearing an electron-withdrawing
and sterically hindered substituent in the same position pro-
vided a low yield (48%, entry 6). On the other hand, simple

aromatic thiols such as 2-mercapto naphthalene (2a) and the
para-substituted (2e) reacted extremely well with iodobenzene,
forming the appropriate products in high yields (Table 3,
entries 1 and 5). Di-substituted aryl thiols are readily tolerated,
and the desired products were obtained in good and excellent
yields (entries 7, 8 and 9). In addition, to extend the study of C–
S couplings, alkyl thiols were used. They were shown to be less
effective than aromatic one, affording the coupling products in
low yields (Table 3, entries 10–12). However, it is worth men-
tioning that the most sterically hindered alkyl thiol offered the
best conversion (34%) among these substrates. These results
clearly show the efficiency of C–S couplings to be strongly
dependent on the sterics of the thiol precursor.

Conclusions

In summary, we report the facile synthesis of six novel para-
poly-aromatic acyl-functionalized nickel POCOP-pincer com-
plexes, [NiCl{C6H2-4-OH-2,6-(OPR2)2}] (R = iPr, tBu, Ph) in good
yields. All the para-functionalized nickel pincer complexes are
air- and moisture-stable and were fully characterized by NMR
spectroscopy, mass spectrometry and elemental analysis. In
addition, the molecular structures of complexes 4, 8 and 9 were
unequivocally determined by single crystal X-ray diffraction
studies, confirming the tridentate coordination of the pincer
ligands. The catalytic activity of all the nickel complexes was

Table 1 Principal contacts in compounds 4, 8 and 9

O� � �H (%) Cl� � �H (%) C� � �H (%) H� � �H (%) Others (%)

4 8.6 10.7 14.9 62.1 3.7
8 10.2 5.7 33.5 45.0 5.6
9 7.2 3.0 17.8 71.3 0.7

Fig. 6 Plot of percentages of contacts observed in complexes 4, 8 and 9.

Table 2 Cross-coupling reaction of iodobenzene and thiophenol cata-
lysed by nickel complexes 1–9a

Entry [Ni] GC yieldb (%)

1 1 100
2 2 12
3 3 100
4 4 45
5 5 97
6 6 98
7 7 99
8 8 99
9 9 87

a Reaction conditions: 0.25 mmol of iodobenzene, 0.25 mmol of
thiophenol, 0.25 mmol of KOtBu, 5 mL of DMF, 1 mol% of catalyst,
110 1C for 20 h. b Conversions were obtained by GC-MS and are based
on residual iodobenzene and are the average of two runs.
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evaluated in C–S couplings, exhibiting good performances,
except for complex 4. Thus, in general the C–S couplings
proceeded well with aryl thiols bearing either electron-
withdrawing or electron-donating substituents, while the reac-
tions using alkyl thiols only yielded low conversions. The
successful use of these Ni(II) species suggests their potential
in other chemical transformations. Thus we are further explor-
ing their catalytic activity in other cross coupling reactions and
the potential of the reactivity of the aromatic moieties at the
para position of the pincer compounds. These results will be
disclosed in due course.

Experimental section

All reactions were carried out under nitrogen using standard
Schlenk techniques unless otherwise specified. All chemical
compounds were obtained from Aldrich Chemical Co. and used
as received without further purification. para-Hydroxy Ni(II)-
POCOP pincer complexes 1, 2 and 3 were synthesized according
to the reported procedures and structurally confirmed by direct
comparison with literature data. Melting points were recorded
on a Mel-Temp II apparatus and are reported without correc-
tion. 1H and 13C{1H} NMR spectra were recorded on a Bruker
Ascend 500 spectrometer or on a JEOL GX300 spectrometer.
Chemical shifts are reported in ppm down field of TMS using
the residual signals in the solvent as the internal standard.
Elemental analyses were performed on a PerkinElmer 240
analyzer. MS-Electrospray spectra were recorded on a Bruker
Daltonics-Esquire 3000 plus electrospray mass spectrometer.
Mass measurements in FAB+ were performed at a resolution of

Table 3 C–S cross-coupling reaction catalyzed by complex 7a

Entry Thiol Product GC yieldb (%)

1 99

2 90

3 89

4 64

5 99

6 48

7 96

8 99

9 82

Table 3 (continued )

Entry Thiol Product GC yieldb (%)

10 34

11 5

12 7

a Reaction conditions: 0.25 mmol of iodobenzene, 0.25 mmol of thiol,
0.25 mmol of KOtBu, 2.5 mL of DMF, 1 mol% of catalyst, 110 1C for
20 h. b Yields were obtained by GC-MS and are based on residual
iodobenzene and are the average of two runs.
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3000 using magnetic field scans and the matrix ions as the
reference material or, alternatively, by electric field scans with
the sample peak bracketed by two (polyethylene glycol or
cesium iodide) reference ions.

General esterification procedure for nickel complexes

A Schlenk flask was charged with the corresponding nickel
complex (100 mg) along with NaB(OCH3)4 (1.5 eq.) in dry THF
(30 mL). The resulting solution was stirred for 2 h at room
temperature with an observed color change from yellow to red.
Then, the corresponding acyl chloride (1 eq.) was added and
the solution returned to its initial color. The reaction mixture
was subsequently stirred for 12 h at room temperature. After
this time, the solution was evaporated under vacuum and the
solid residue was purified by column chromatography using
dichloromethane as the eluent. Further removal of the solvent
under vacuum yielded the pincer complexes as yellow micro-
crystalline powders.

Synthesis of 4

Yield: 118 mg (85%). M.p. 262 1C. 1H NMR (500 MHz, CDCl3) d
8.22 (d, 3JH–H = 8.5 Hz, 2H, CHAr), 7.72 (d, 3JH–H = 8.5 Hz, 2H,
CHAr), 7.65 (d, 3JH–H = 7.1 Hz, 2H, CHAr), 7.49 (t, 3JH–H = 7.5 Hz,
2H, CHAr), 7.42 (t, 3JH–H = 7.4 Hz, 1H, CHAr), 6.37 (s, 2H, CHAr),
2.43 (q, 3JH–H = 9 Hz, 2H, CHAr), 2.43 (sept, 3JH–H = 9 Hz, 4H,
CH(CH3)2), 1.45 (q, 3JH–H = 17.3 Hz, 12H, CH3), 1.36 (q, 3JH–H =
14.5 Hz, 6H, CH3). 13C{1H} NMR (126 MHz, CDCl3) d 168.4
(t, 2JC–P = 10 Hz, C–OP), 164.9 (s, OQC–O), 151.8 (s, C–O), 146.4
(s, Cipso), 139.7 (s, Cipso), 130.7 (s, CHAr), 129.1 (s, CHAr), 128.4
(s, CHAr), 128.3 (s, CHAr), 127.4 (s, CHA), 127.3 (t, CHAr), 121.9
(t, 2JC–P = 21 Hz, C–Ni), 99.6 (pt, CHAr), 27.9 (t, 1JC–P = 11 Hz,
–CH–), 17.6 (s, CH3), 16.8 (s, CH3). 31P{1H} NMR (202 MHz,
CDCl3): d 187.21. MS (DART +): 631 m/z [M]+. IR (ATR, cm�1):
2962 (m), 2869 (w), 1728 (s), 1259 (m), 485 (m). Elem. anal.
calcd for C31H39ClNiO4P2: C, 58.94; H, 6.22. Found: C, 58.92;
H, 6.18.

Synthesis of 5

Yield: 120 mg (89%). M.p. 273–274 1C. 1H NMR (500 MHz,
CDCl3) d 8.22 (d, 3JH–H = 8.5 Hz, 2H, CHAr), 7.72 (d, 3JH–H = 8.5 Hz,
2H, CHAr), 7.66 (d, 3JH–H = 7 Hz, 2H, CHAr), 7.50–7.47 (m, 2H,
CHAr), 7.43–7.40 (m, 2H, CHAr), 6.38 (s, 2H, CHAr), 1.51 (vt, 36H,
–CH3). 13C{1H} NMR (126 MHz, CDCl3) d 169.0 (t, 2JC–P = 9 Hz,
C–OP), 164.9 (s, OQC–O), 151.5 (s, C–O), 146.4 (s, Cipso), 139.9
(s, Cipso), 130.7 (s, CHAr), 129.1 (s, CHAr), 128.4 (s, CHAr), 127.4
(s, CHAr), 127.3 (s, CHAr), 121.4 (t, 2JC–P = 21 Hz, C–Ni), 99.2
(t, 3JC–P = 6 Hz, CHAr), 39.4 (s, 1JC–P = 6 Hz, C(CH3)3), 28.1 (s, CH3).
31P{1H} NMR (202 MHz, CDCl3): d 189.7. MS (DART +): 688 m/z
[M]+. IR (ATR, cm�1): 2951 (m), 2855 (w), 1726 (s), 1255 (m), 473
(m). Elem. anal. calcd for C35H47ClNiO4P2: C, 61.12; H, 6.89.
Found: C, 61.14; H, 6.92.

Synthesis of 6

Yield: 104 mg (80%). M.p. 269–270 1C. 1H NMR (500 MHz,
CDCl3) d 8.23 (d, 3JH–H = 8.5 Hz, 2H, CHAr), 8.03–7.99 (m, 8H,
CHAr), 7.73 (d, 3JH–H = 8.5 Hz, 2H, CHAr), 7.66 (d, 3JH–H = 7.1 Hz,

2H, CHAr), 7.55–7.47 (m, 14H, CHAr), 7.42 (t, 3JH–H = 7.3 Hz, 1H,
CHAr), 6.58 (s, 2H, CHAr).

13C{1H} NMR (126 MHz, CDCl3)
d 166.9 (t, 2JC–P = 11.8 Hz, C–OP), 164.9 (s, OQC–O), 152.5
(s, C–O), 146.5 (s, Cipso), 139.9 (s, Cipso), 132.0 (s, CHAr), 129.1
(s, CHAr), 128.9 (s, CHAr), 128.4 (s, CHAr), 128.1 (s, CHAr), 127.4
(s, CHAr), 127.3 (s, CHAr), 123.2 (t, 2JC–P = 24 Hz, C–Ni), 101.1
(t, 3JC–P = 6.7 Hz, CHAr).

31P{1H} NMR (202 MHz, CDCl3): d 142.8.
MS (ESI+): 766 m/z [M]+. IR (ATR, cm�1): 2922 (m), 2853 (w),
1735 (s), 1577 (m), 1250 (m), 480 (m). Elem. anal. calcd for
C43H31ClNiO4P2: C, 67.27; H, 4.07. Found: C, 67.25; H, 4.09.

Synthesis of 7

Yield: 107 mg (85%). M.p. 279–280 1C. 1H NMR (500 MHz,
CDCl3) d 8.73 (s, 1H, CHAr), 8.15 (dd, 3JH–H = 8.6 Hz, 4JH–H =
1.7 Hz, 1H, CHAr), 7.98 (d, 3JH–H = 8.0 Hz, 1H, CHAr), 7.93 (d, 3JH–H =
8.7 Hz, 1H, CHAr), 7.91 (d, 3JH–H = 8.2 Hz, 1H, CHAr), 7.65–7.61 (m,
1H, CHAr), 7.60–7.55 (m, 1H, CHAr), 6.60 (m, 2H, CHAr). 2.44 (sept,
3JH–H = 9 Hz, 4H, CH(CH3)2), 1.45 (q, 3JH–H = 17.3 Hz, 12H, CH3),
1.36 (q, 3JH–H = 14.5 Hz, 12H, CH3). 13C{1H} NMR (126 MHz, CDCl3)
d 168.5 (t, 2JC–P = 9 Hz, C–OP), 165.1 (s, OQC–O), 151.8 (s, C–O),
135.9 (s, Cipso), 132.6 (s, CHAr), 132.0 (s, CHAr), 129.6 (s, CHAr), 128.7
(s, CHAr), 128.5 (s, CHAr), 127.9 (s, CHAr), 126.9 (s, CHAr), 126.8
(s, CHAr), 125.4 (s, CHAr), 122.0 (t, 1JC–P = 21 Hz, CNi), 99.6 (t, 3JC–P =
6 Hz), 27.9 (t, 1JC–P = 11 Hz, –CH–), 17.6 (s, CH3), 16.8 (s, CH3).
31P{1H} NMR (202 MHz, CDCl3): d 187.20. MS (DART +): 605 m/z
[M]+. IR (ATR, cm�1): 2960 (m), 2870 (w), 1722 (s), 1267 (m), 479
(m). Elem. anal. calcd for C29H37ClNiO4P2: C, 57.81; H, 6.16. Found:
C, 57.83; H, 6.15.

Synthesis of 8

Yield: 108 mg (81%). M.p. 250–251 1C. 1H NMR (500 MHz,
CDCl3) d 8.73 (s, 1H, CHAr), 8.15 (dd, 3JH–H = 8.6 Hz, 4JH–H = 1.6
Hz, 1H, CHAr), 7.98 (d, 3JH–H = 8.1 Hz, 1H, CHAr), 7.94 (d, 3JH–H =
8.9 Hz, 1H, CHAr), 7.91 (d, 3JH–H = 8.1 Hz, 1H, CHAr), 7.65–7.61
(m, 1H, CHAr), 7.60–7.56 (m, 1H, CHAr), 6.41 (s, 2H, CHAr),
1.51 (m, 36H, –CH3). 13C{1H} NMR (126 MHz, CDCl3) d 169.1
(t, 2JC–P = 9 Hz, C–OP), 165.2 (s, OQC–O), 151.5 (s, C–O), 135.9
(s, Cipso), 132.6 (s, CHAr), 132.0 (s, CHAr), 129.6 (s, CHAr), 128.7
(s, CHAr), 128.5 (s, CHAr), 127.9 (s, CHAr), 126.9 (s, CHAr), 125.5
(s, CHAr), 121.5 (t, 1JC–P = 21 Hz, CNi), 99.2 (t, 3JC–P = 6 Hz), 35.5
(t, 1JC–P = 7 Hz, –C(CH3)3), 28.13 (s, CH3). 31P{1H} NMR
(202 MHz, CDCl3): d 189.7. MS (DART+): 661 m/z [M]+. IR
(ATR, cm�1): 2961 (m), 2866 (w), 1735 (s), 1259 (m), 475 (m).
Elem. aanal. calcd for C33H45ClNiO4P2: C, 59.89; H, 6.85.
Found: C, 59.95; H, 6.81.

Synthesis of 9

Yield: 110 mg (85%). M.p. 276–277 1C. 1H NMR (500 MHz,
CDCl3) d 8.76 (s, 1H, CHAr), 8.16 (dd, 3JH–H = 8.6 Hz, 4JH–H =
1.7 Hz, 1H, CHAr), 8.05–7.98 (m, 9H, CHAr), 7.94 (d, 3JH–H =
8.7 Hz, 1H, CHAr), 7.92 (d, 3JH–H = 8.2 Hz, 1H, CHAr), 7.66–7.61
(m, 1H, CHAr), 7.60–7.56 (m, 1H, CHAr), 7.56–7.46 (m, 12H,
CHAr), 6.41 (s, 2H, CHAr).

13C{1H} NMR (126 MHz, CDCl3) d
166.9 (t, 2JC–P = 12 Hz, C–OP), 165.2 (s, OQC–O), 152.6 (s, C–O),
135.9 (s, Cipso), 132.6 (s, CHAr), 132.5 (s, CHAr), 132.3 (s, CHAr),
132.1 (s, CHAr), 132.0 (s, CHAr), 131.9 (s, CHAr), 129.6 (s, CHAr),
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129.0 (s, CHAr), 128.9 (s, CHAr), 128.8 (s, CHAr), 128.5 (s, CHAr),
127.9 (s, CHAr), 127.0 (s, CHAr), 126.6 (s, CHAr), 125.5 (s, CHAr),
123.2 (t, 1JC–P = 24 Hz, CNi), 101.2 (t, 3JC–P = 7 Hz), 31P{1H} NMR
(202 MHz, CDCl3): d 142.7. MS (DART +): 741 m/z [M]+. IR
(ATR, cm�1): 2960 (m), 2855 (w), 1734 (s), 1260 (m), 474 (m).
Elem. anal. calcd for C41H29ClNiO4P2: C, 66.39; H, 3.94. Found:
C, 66.37; H, 3.90.

Catalytic experiments

Under nitrogen atmosphere, a solution of KOtBu (0.25 mmol)
and the corresponding nickel catalyst (1 mol%) in DMF (5 mL)
was stirred at ambient temperature for 10 min. Then, iodoben-
zene (0.25 mmol) and the respective thiol (0.25 mmol) were
added to the solution. The reaction was heated at 110 1C for the
desired time. The reaction mixture was cooled to room tem-
perature and the organic phase analyzed by gas chromatogra-
phy (GC-MS) (quantitative analyses were performed on an
Agilent 6890 N GC with a 30.0 m DB-1MS capillary column
coupled to an Agilent 5973 Inert Mass Selective detector).

Data collection and refinement for 4, 8 and 9

Crystals of 4, 8 and 9 were mounted on glass fibers, then placed
on a Bruker Smart Apex II diffractometer with a Mo-target X-ray
source (l = 0.71073 Å). The detector was placed at a distance of
5.0 cm from the crystals and frames were collected with a scan
width of 0.5 in o and an exposure time of 10 s frame�1. Frames
were integrated with the Bruker SAINT software package
using a narrow-frame integration algorithm.57 Non-systematic
absences and intensity statistics were used in a monoclinic
system and P21/n space groups, in all cases. The structures were
solved using Patterson methods using the SHELXS-2014/7
program.58 The remaining atoms were located via a few cycles
of least squares refinements and difference Fourier maps.
Hydrogen atoms were inputted at calculated positions and
allowed to ride on the atoms to which they are attached.
Thermal parameters were refined for hydrogen atoms on the
phenyl groups using a Ueq = 1.2 Å to the precedent atom. The
final cycles of refinement were carried out on all non-zero data
using SHELXL-2014/7. Absorption corrections were applied
using a SADABS program.59 In compound 8, the fragment tBu2P
and one molecule of toluene are disordered and were modelled
and refined anisotropically in two positions using a variable
site occupational factor (SOF), the ratio of SOF was 0.5/0.5.

Data availability
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