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1 Abstract 

Pincer ligands have long captivated chemists for their ability to merge rigidity, modularity, 

and fine-tuned electronic control into a single molecular scaffold. Within this class, POCOP-type 

ligands stand out for their capacity to stabilize reactive metal centers while enabling diverse 

catalytic and functional applications. Yet, the deliberate rupture of symmetry in these systems—

particularly in non-symmetric POCOP frameworks—remains an underexplored route to unlocking 

new reactivity patterns. Herein, we report the synthesis of a family of non-symmetric Ni(II)–

POCOP pincer complexes (2a-2c) and demonstrate that their formation is decisively governed by 

the presence or absence of base during the metalation step. Under basic conditions, selective 

formation of the aldehyde-type pincer complexes is achieved, whereas base-free conditions lead 

to acid-promoted ligand activation and the formation of imine-type addition complexes (3a-4c), 

which may partially hydrolyze during purification to yield aldehyde-type addition complexes (5a-

5c). The structures and coordination modes of the isolated species were established by 

comprehensive spectroscopic methods and single-crystal X-ray diffraction. Subsequent 

optimization of the reaction conditions enabled the selective synthesis of the target non-symmetric 
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Ni(II)–POCOP complexes in improved yield and purity, providing insight into the role of medium 

acidity in directing the stability and reactivity of phosphinite-based pincer systems. 

2 Introduction 

Pincer ligands have become a central motif in organometallic chemistry due to their strong 

metal–ligand interactions,1,2 structural rigidity,3 and tunable electronic and steric properties.4 Since 

the seminal work of Shaw and Moulton in the late 1970s,5,6 pincer-type scaffolds Have attracted 

considerable attention. These ligands are typically defined as tridentate frameworks that coordinate 

a metal center in a meridional fashion.1 Such architectures enable the formation of robust 

organometallic species with remarkable thermal and chemical stability.4,7 These features have 

made pincer complexes highly versatile platforms in homogeneous catalysis,8–11 C–H bond 

activation,12,13 and metallodrug development.14,15 

Traditionally, most pincer ligands are symmetric, featuring identical donor arms that confer 

well-defined coordination environments and predictable reactivity patterns.4 However, the 

increasing need to fine-tune metal-centered properties has spurred growing interest in non-

symmetric pincer systems.16,17 In these ligands, electronic and steric asymmetry introduced by 

distinct donor groups or substituents enables modulation of metal–ligand cooperation, redox 

behavior, and catalytic selectivity.16,18,19 Consequently, non-symmetric pincers provide access to 

a broader chemical space and facilitate the rational design of complexes with tailored reactivity 

profiles. 

Symmetry rupture in pincer ligands can be achieved basically through three distinct 

strategies.3,4,16 The first involves introducing different lateral donor groups, leading to motifs such 

as SCN,20 PCN,21 PCP´,22 or NNP.23 The second approach involves modification of the linker 

atoms, which can give rise to PXCYP architectures (e.g., POCNP,24 PSCOP,25 PCCOP,26) or to 

ligands featuring most commonly fused metallacycles with five- and six-membered rings.27,28 

These examples illustrate commonly reported strategies reported in the literature, but are by no 

means exhaustive; for a more comprehensive discussion, specialized reviews should be 

consulted.16,16,29 Although these two approaches are noteworthy, the present work focuses 

primarily on the third symmetry rupture strategy, which can be achieved through modification of 

the pincer backbone. 
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Among the different families of pincer ligands, those containing phosphorus donors and 

oxygen linkers—such as POCOP-type frameworks—have attracted considerable attention for their 

ability to stabilize both low- and high-valent metal centers.30,31 Incorporating non-symmetry into 

these scaffolds offers additional control over the metal coordination environment and cooperative 

effects during catalysis.27,32,33 Despite this promise, systematic studies on the synthesis, structural 

characterization, and reactivity of non-symmetric pincer complexes remain relatively scarce, in 

part due to the synthetic challenges associated with their preparation and purification. 

For instance, several reports describe non-symmetric POCOP-type pincer complexes in 

which the lack of symmetry originates from the introduction of different substituents at the meta 

position of the pincer ligand.27,34–39 One of the earliest examples in this series includes complexes 

Ia-IIIb (Chart 1), whose catalytic activity was evaluated in C-C cross-coupling reactions. Notably, 

complex IIb exhibited excellent performance in the Mizoroki-Heck reaction, achieving 

conversions of up to 99%.34 Moreover, the catalytic activity of complexes IVa-Vb36 was evaluated 

in the synthesis of diaryl ketones. Among these, complex Va exhibited the highest activity, 

reaching 98.5% conversion with only 1 mol% catalyst loading. Finally, one of the first examples 

of C-P bond formation via hydrophosphorylation was reported for complexes VIa and VIb.37 

Beyond their catalytic applications, the biological properties of non-symmetric pincer 

complexes have also been reported. For example, complex VIIc38 displayed notable antibacterial 

activity with a minimum inhibitory concentration (MIC) of 8 μg·mL−1 against S. aureus ATCC 

25923. Molecular docking studies revealed low binding energies with the PBP2A protein, 

suggesting that metal coordination enhances the complex´s affinity toward DNA, gultathione 

(GSH), and proteins compared to the free ligands. 
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Chart 1. Previously reported non-symmetric group 10-POCOP pincer complexes 

In this context, we report the synthesis and characterization of a new series of non-

symmetric POCOP-type pincer complexes that are designed to elucidate the influence of electronic 

asymmetry on their coordination behavior and metal-centered reactivity. The study comprised the 

preparation of three non-functionalized and nine functionalized complexes, whose structures were 

characterized by spectroscopic techniques; notably, eight of them were confirmed by single-crystal 

X-ray diffraction. To obtain the target non-functionalized Ni(II)-POCOP pincer complexes 2a-2c, 

a modified and optimized synthetic methodology was developed based on previously reported 

procedures.36–38,40 Interestingly, during these reactions, additional functionalized unexpected 

products were isolated in which a C-P bond was formed, corresponding to imine-type (3a-4c) and 

aldehyde-type (5a-5c) addition complexes. 
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3 Results and discussion 

3.1 Synthesis and characterization 

Initially, we attempted to synthesize complexes 2a-2c starting from 2,4-

dihydroxybenzaldehyde (2,4-DHBA), as depicted in Scheme 1; however, the desired complexes 

were not obtained (see Figures S1 and S2). This outcome is attributed to the electron-withdrawing 

nature of the meta-substituted aldehyde, which likely deactivates the aromatic ring toward C–H 

activation and hinders Ni–C bond formation. Inspired by previously reported methodologies,36–38 

we therefore prepared a series of Schiff base derivatives (1a and 1b) bearing n-propyl or tert-butyl 

substituents. These modifications were expected to attenuate the electron-withdrawing character 

of the proligand backbone and—particularly in the case of 1b—to provide steric protection, 

thereby facilitating Ni–C bond formation through increased electron density at the ipso carbon. 

 

Scheme 1. Attempted synthesis of complexes 2a-2c from precursor 2,4-DHBA. 

Imine precursors 1a and 1b, previously reported in the literature,41–43 were synthesized 

following a modified procedure developed by our group38 (Scheme 2) and used as starting 

materials. Briefly, acid-catalyzed condensation of 2,4-dihydroxybenzaldehyde (2,4-DHBA) with 

the corresponding amine afforded the target imines. Using this methodology, compounds 1a and 

1b were obtained in a straightforward manner, with shorter reaction times and higher yields than 

those previously reported. 
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Scheme 2. Synthesis of compounds 1a and 1b 

Complexes 2a-2c were synthesized from precursors 1a or 1b following modified literature 

procedures.38,40 As shown in Scheme 3, the corresponding POCOP-type proligand was obtained 

by reaction of the imine precursor with the appropriate chlorophosphine in the presence of base. 

Subsequent metallation with NiCl2 under reflux afforded complexes 2a-2c. Full experimental 

details are provided in Section 8.2. 

 

Scheme 3. Synthesis of pincer complexes: 2a-2c and 3a-5c. For 2a-5c, yields obtained from 1a (R´ = nPr) 
are shown in blue, and those from 1b (R´ = tBu) in red, highlighting the influence of the substituent on reaction 
efficiency. *Not observed 

Under these reaction conditions, complexes 3a-5c were unexpectedly obtained. These 

species correspond to the imine-type addition complexes (3a-3c or 4a-4c, depending on the imine 

precursor) and, exclusively from 1a, aldehyde-type addition complexes (5a-5c). The yields of 

complexes 2a-2c obtained from imine 1a were 15, 30, and 3%, respectively, while those obtained 

from imine 1b were 22, 37, and 11%, respectively. For complex 4a, a yield of 53% was obtained, 

whereas complexes 3a-3c, 4b, 4c and 5a-5c were isolated only in trace amounts. 

Due to the low isolated yields of the addition products (3a–3c, 4b, 4c and 5a–5c), sufficient 

material for spectroscopic characterization was obtained by combining the corresponding 

chromatographic fractions from multiple independent reactions prior to analysis. The 

comparatively higher yield observed for 4a is attributed to a combination of steric effects 

associated with both the phosphorus substituents and the imine moiety. In particular, the lower 

steric demand of the iPr substituent at phosphorus, present in both the phosphinite and the 
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phosphine oxide functionalities, facilitates formation of the addition complex. In contrast, 

increased steric congestion associated with bulkier substituents reduces the stability of reactive 

intermediates and promotes decomposition under the reaction conditions. 

Steric effects associated with the phosphorus substituents appear to influence the formation 

of the addition complexes (3a-4c). Product formation is favored when steric congestion at 

phosphorus remains sufficiently low to allow access to the metal coordination site.44 In this 

context, the iPr-substituted phosphinite system provides a steric environment that can facilitate 

effective metal–ligand interaction and promote the reaction pathway leading to addition complex 

formation.45,46 In contrast, increased steric bulk at phosphorus may restrict access to the reactive 

metal center, disfavoring formation of several of the corresponding addition products (3a-3c, 4b 

and 4c), which are obtained only in trace amounts.47 

Electronic effects associated with the phosphorus substituent further modulate this steric 

influence. The iPr group combines moderate σ-donation with relatively low steric encumbrance, 

providing a balance that may stabilize key intermediates involved in the addition process. In 

contrast, although the tBu substituent exhibits stronger σ-donor character, it also introduces 

substantial steric congestion that may hinder stabilization and formation of the corresponding 

addition intermediates. The Ph substituent, while less sterically demanding than tBu, is a weaker 

σ-donor due to π-delocalization, which reduces electron density at phosphorus and weakens metal-

ligand bonding.48,49 Consequently, the donor strength of the phosphinite moiety is diminished, 

which may disfavor both the initial metal–ligand association and subsequent transformations 

leading to the formation of imine-type addition complexes.45–47,50 These observations suggest that 

both steric accessibility and the donor properties of the phosphorus substituents contribute to the 

observed reactivity trends. 

Within the iPr-substituted series, the preferential formation of 4a over 3a highlights the 

influence of the imine substituent on stabilization of the addition complex. Replacement of the nPr 

group in 3a by the more electron-donating and sterically demanding tBu group in 4a enhances 

stabilization of the reactive intermediate through a combination of electronic and steric effects.44 

Electronically, the tBu substituent may increase electron density at the imine moiety through 

inductive donation, which can strengthen metal–ligand interactions in the corresponding addition 
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complex.51,52 Sterically, the greater bulk of the tBu group may provide kinetic protection against 

decomposition pathways by partially shielding the reactive site, thereby favoring formation of the 

addition product. In contrast, the nPr-substituted imine in 3a provides less electronic stabilization 

and steric protection, resulting in rapid decomposition and only trace-level formation under 

identical conditions. 

Overall, the combined steric and electronic influences of the phosphorus substituent govern 

the efficiency of addition complex formation. This trend is consistent with previous studies 

demonstrating that bulky phosphine- or phosphinite-type donors reduces metal-ligand substitution 

rates and increases steric congestion near the reactive center.53–55 Although detailed mechanistic 

studies were not undertaken, the observed product distributions are consistent with steric control 

of intermediate accessibility, with electronic effects providing additional fine-tuning of 

intermediate stability. 

Even though the isolated products were initially presumed to correspond to the imine-type 

pincer complexes based on the reaction conditions, spectroscopic analysis clearly indicated the 

presence of an aldehyde functionality. For complexes 2a-2c, the 1H NMR spectrum (see Figures 

S7, S11 and S15) exhibited the expected AB signal pattern for the aromatic scaffold, consistent 

with meta-substitution. In addition, a signal at 10.15, 10.19, and 10.29 ppm, respectively, indicates 

the presence of the aldehyde proton and inconsistent with an imine moiety. In the 13C{1H} NMR 

spectrum, the signal corresponding to the carbonyl carbon appears at 188.2, 188.4, and 188.0 ppm, 

respectively, further confirming aldehyde formation. These observations in addition to the mass 

spectra (see Figures S10, S14 and S18) indicate that hydrolysis of the imine occurred during 

chromatographic purification, leading to isolation of an aldehyde-type pincer complexes. 

The 31P{1H} NMR spectra (See Figures S9, S13 and S17) display a characteristic AB 

patterns consistent of two mutually coupled doublets, reflecting the loss of symmetry within the 

pincer scaffold upon metal coordination. Importantly, this coupling originates from efficient metal-

mediated Fermi contact interaction through the P–Ni–P framework, which provides an effective 

pathway for spin-density delocalization between the trans phosphorus donors. 

Large trans-phosphorus coupling constants (²JP–P ≈ 300–375 Hz; see exact values below) 

are observed in the 31P{1H} NMR spectra. In contrast, related free phosphinite ligands have been 
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reported to display two uncoupled ³¹P signals,37 reflecting the absence of an efficient through-bond 

coupling pathway between phosphorus nuclei. Formation of the P–Ni–P unit establishes an 

efficient metal-mediated Fermi-contact pathway in which σ-donation from the phosphorus donors 

into nickel orbitals with appreciable s-character enables delocalization of spin density through the 

metal center and back to the opposing phosphorus atom, thereby generating a large metal-mediated 

scalar coupling between the trans phosphorus nuclei.56 This mechanism accounts for the unusually 

large trans ²JP–P values observed in related square-planar Ni pincer complexes.57,58 

Importantly, observation of this effect does not require the metal nucleus itself to be NMR-

active; rapid nuclear relaxation associated with quadrupolar or spin-zero nickel isotopes may 

suppress observable metal satellites, while the electronic pathway responsible for metal-mediated 

scalar coupling remains fully operative.57,59 

For complexes 2a and 2b, the signals appear at 191, and 194 ppm, respectively, with 

coupling constants 326.3, and 300.1 Hz, respectively. Interestingly, for 2c the phosphorus signals 

shift significantly to 148 ppm and the coupling constants increases to 374.2 Hz. These changes are 

attributed to the strong π-conjugation between the phosphorus atom and the phenyl ring. In 

contrast, isopropyl and tert-butyl substituents are purely σ-donors, providing electron density only 

through inductive and hyperconjugative effects without π-delocalization. The increased coupling 

constant observed for the phenyl derivative is consistent with enhanced π-delocalization, which 

shortens and strengthens the P-O bond, increases the s-character of phosphorus, and thereby 

enhances orbital overlap with the metal center.60 

The 1H NMR spectrum of imine-type addition complex 4a (see Figure S31) displays the 

characteristic iminic proton signal at 7.95 ppm, together with two distinct AB spin systems in the 

aromatic region. The first AB system, corresponding to the pincer scaffold, appears at 7.60 and 

6.35 ppm with a coupling constant of 8.5 Hz. The second AB system is observed at 6.90 and 6.29 

ppm with a coupling constant of 8.7 Hz. A doublet at 5.82 ppm is assigned to the methine proton 

generated upon addition of the phosphine oxide (2JP-H = 10.7), which is characteristic for such two-

bond couplings.60  

In the aliphatic region, two closely related sets of signals are observed for the methine and 

methyl groups of the isopropyl substituents. The first set of signals is associated to the phosphinite 
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moiety of the pincer system and the second set to the newly formed phosphine oxide generated 

upon addition at the former aldehyde position of 2a. Although both phosphorus centers bear 

identical isopropyl substituents, their different electronic environments give rise to similar yet non-

identical chemical shifts for the corresponding aliphatic signals Notably, the signals corresponding 

to the phenolic protons are shifted downfield relative to those observed for the imine starting 

material 1b, consistent with the coordination and hydrogen-bonding effects induced by the metal 

complexation. 

The 31P{1H} NMR spectrum of 4a (see Figure S33) shows, in addition to the characteristic 

AB system of the pincer ligand at 184 ppm (2JP-P = 324.8 Hz), a singlet at 66 ppm, which is assigned 

to the phosphine oxide moiety attached to the carbon atom formerly bearing the aldehyde group in 

2a. The DART mass spectrum (Figure S34) exhibits a molecular ion at m/z 772, which also 

corresponds to the base peak, further supporting the assigned composition of 4a. 

Single-crystal X-ray diffraction studies of 3a, 5b and 5c unambiguously confirmed the 

proposed connectivity and coordination modes of the imine- and aldehyde-type addition 

complexes. On this basis, the structures of the remaining analogues (3b, 3c, 4b, 4c and 5a) were 

assigned by analogy, supported by their consistent synthetic behavior, chromatographic properties, 

and spectroscopic data (1H-NMR, 13C-NMR, 31P-NMR, IR and/or MS, where available). 

For the remaining addition complexes—imine-type (3b, 3c, 4b, and 4c) and aldehyde-type 

(5a)—full characterization was not possible in all cases due to their low isolated yields. In 

particular, the identity of 5a was supported by DART-MS data and by analogy with the 

crystallographically characterized complexes 5b and 5c, which share the same aldehyde-type 

addition motif. Consistent NMR chemical shift patterns and coupling behaviors within each series 

further support these structural assignments. 

To optimize the synthesis of aldehyde-type complexes 2a-2c (Scheme 4), the previous 

methodology was modified by introducing 1.2 equiv of triethylamine after adding the solution of 

the corresponding pincer ligand to a suspension of nickel chloride.39 The presence of this base 

facilitated deprotonation and coordination, resulting in a cleaner conversion to the desired products 

and a significant reduction in the formation of byproducts (3a-5c). As result, complexes 2a-2c 

Page 10 of 37Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

8 
M

ar
ch

 2
02

6.
 D

ow
nl

oa
de

d 
on

 3
/1

8/
20

26
 1

1:
29

:1
2 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online

DOI: 10.1039/D6DT00442C

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6dt00442c


11 
 

were obtained in 63%, 80%, and 55%, respectively, particularly when starting from 1b, 

representing a substantial improvement relative to the original conditions (Scheme 3). 

 

Scheme 4. Synthesis of aldehyde complexes 2a-2c. Yields obtained from 1a (R´ = nPr) are shown in blue, 
and those from 1b (R´ = tBu) in red, highlighting the effect of the substituent on reaction efficiency 

3.2 Mechanistic discussion 

Although no detailed mechanistic investigations were performed, the observed product 

distributions allow a plausible reaction pathway to be proposed, consistent with established 

reactivity patterns of phosphinite ligands, to rationalize the divergent outcomes under basic and 

non-basic conditions. 

Notably, the formation of mixtures containing both aldehyde- and addition-type complexes 

(2a-5a, 2b-5b, or 2c-5c, respectively; Scheme 3) or solely aldehyde complexes (2a-2c; Scheme 4) 

appears to depend on the addition of triethylamine (Et3N) during the metalation step. To rationalize 

these observations, a plausible reaction mechanism is proposed. As illustrated in Scheme 5, the 

formation of 6 is accompanied by the liberation of one equivalent of HCl into the reaction medium. 

When Et3N is added during the metalation stage, the generated HCl is neutralized, which may 

suppress further reactivity. Under this conditions, the reaction predominantly affords complex 6. 
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Scheme 5. Reaction step associated with the formation of complex 6, highlighting HCl release during the 
metalation process 

In contrast, when Et3N is omitted during the final metalation step, the HCl generated in situ 

remains unneutralized and may protonate the phosphinite oxygen of the POCOP proligand. 

Protonation of the P-O moiety increases the polarization of the P-O bond, rendering the phosphorus 

center more electrophilic and susceptible to nucleophilic attack by chloride. This process may 

promote cleavage of the P-O bond, leading to partial reversal of ligand formation and regeneration 

of the imine precursor 1, together with the liberation of two equivalents of the corresponding 

chlorophosphine (ClPR2) into the reaction medium (Scheme 6). Similar acid-promoted cleavage 

pathways of phosphinite and phosphinite-derived ligands have been documented under halide-rich 

or acid conditions, supporting the plausibility of this transformation.61–63 

 

Scheme 6. Proposed HCl-promoted cleavage of the phosphinite P–O bond leading to regeneration of 
precursor 1 and regeneration of chlorophosphine species 

The liberated chlorophosphine is expected to undergo hydrolysis by adventitious moisture 

to afford the corresponding phosphinous acid (PR2OH), a transformation well documented in the 

literature.64 

Because starting material 1 cannot undergo further metalation, the remaining NiCl₂ instead 

likely acts as a Lewis acid that coordinates to and activates the iminic nitrogen, generating species 

7. This activation facilitates an electrophilic aromatic substitution (EAS) at the C3 position of the 

aromatic ring to afford σ-adduct 8, with concomitant loss of aromaticity. Subsequent protonation 

at nitrogen furnishes intermediate 9, converting the imine fragment into a better leaving group. 

Rearrangement is proposed to proceed through a high-energy dearomatized oxonium-type 

intermediate 10, in which charge stabilization by the phenolic oxygen enables cleavage of the N–

NiCl₂ fragment and subsequent rearomatization (Scheme 7). 
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Scheme 7. Proposed Lewis acid–promoted electrophilic aromatic substitution leading to formation of 
intermediate 10 

Addition of the phosphinous acid to the polarized C=C unit in intermediate 10 restores 

aromaticity, affording intermediate 11. Subsequent deprotonation of the oxygen atom, followed 

by oxidation at phosphorus, leads to formation of the observed phosphine oxide–type imine 

addition complex 12 (Scheme 8). This sequence provides a plausible rationale for the formation 

of the imine-type addition products and explains the regeneration of aromaticity concomitant with 

P–C bond formation. Depending on whether Et₃N is present during the metalation step, this 

pathway may operate either selectively or in competition with alternative processes, resulting in 

the formation of a single product or a mixture of products. 
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Scheme 8. Proposed addition of phosphinous acid to intermediate 10 leading to formation of the imine-type 
phosphine oxide addition complex 12 and restoration of aromaticity 

4 X-Ray Crystallography 

Single crystals suitable for X-ray diffraction of compounds 1b, 2c, 3a, 5b, and 5c were 

obtained under the conditions described in Sections 8.1.2 and 8.2.1. Diffraction data were collected 

at different temperatures depending on the compound: 100 K for 1b; 130 K for 5b and 5c; and 250 

K for 2c and 3a. All crystal structures were solvent-free, with no solvent molecules present in the 

crystal lattice. Complex 5b crystallized in the monoclinic system (P21/n), compound 1b 

crystallized in the orthorhombic system (Pbca and P212121, respectively), while complexes 2c, 3a, 

and 5c crystallized in the triclinic system (P-1). Detailed crystallographic parameters are provided 

in Tables S1 and S2. 

Compound 1b was identified as adopting a trans iminium-phenolate tautomer, attributable 

to the influence of the salicylidene moiety, which affects the electronic distribution of the system 

and shifts the equilibrium from the phenol-imine form to the iminium-phenolate form (Figure 1).65 

An intramolecular interaction is observed in the iminium-phenolate, consisting of an N1-H1···O1 

hydrogen bond that generates an S(6) graph-set motif. This hydrogen-bonding pattern is analogous 

to that reported for the previously described analogue 1a.41 Selected bond lengths and angles are 

summarized in Table S3 
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Figure 1. Molecular structure of compound 1b. Ellipsoids are represented at 50% of probability. The 
intramolecular interaction is shown as dashed red lines [an S(6) graph set descriptor] 

Aldehyde compound 2c, the metal center adopts a tetracoordinate environment with a 

slightly distorted square planar geometry (Figure 2). The oxygen atom of the aldehyde group is 

consistently oriented in the up conformation. Selected bond lengths and angles are summarized in 

Table S4. 

 

Figure 2. Molecular structure of compound 2c. Ellipsoids are presented at 30% probability. The hydrogen 
atoms were omitted for clarity. 

For the addition complexes (3a, 5b and 5c), the molecular structures are shown in Figure 

3. In all cases, the metal center retains a square-planar geometry, exhibiting only minor distortions 

relative to their aldehyde precursors. These distortions are primarily reflected in the C-Ni-Cl bond 

angle, which approaches linearity (≈180°, Table S4) in the isopropyl and tert-butyl derivatives, 

whereas in the phenyl-substituted complexes (2c and 5c) it decreases slightly to approximately 

176°. A similar trend is observed for the P-Ni-P angle, which is also reduced in the phenyl 

derivatives. 
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Figure 3. Molecular structure of compounds 3a (top) and 5b and 5c (bottom). Thermal ellipsoids are drawn 
at 30 % probability. Hydrogen atoms are omitted for clarity 

Within the molecular frameworks of these four addition complexes, two intramolecular hydrogen-

bonding interactions are identified: OH···O=P and OH···N imine, corresponding to S(7) and S(6) 

graph-set motifs, respectively. The OH···N imine interaction persists in compounds 5b and 5c, 

involving an O5–H5···O6 hydrogen bond within the aldehyde moiety, while retaining the same 

S(6) graph-set descriptor. In contrast, in compound 5c, the intramolecular OH···O=P hydrogen 

bond is no longer observed. 
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5 Supramolecular analysis 

Addition compounds exhibit a wide range of noncovalent intermolecular interactions that 

play a crucial role in determining their crystal packing and supramolecular organization. These 

include C–H···O and C–H···Cl hydrogen bonds, as well as C–H···π and π···π stacking contacts, 

each contributing to the stabilization and dimensionality of the resulting architectures. The 

prevalence and nature of these interactions are further supported by Hirshfeld surfaces analysis 

(vide infra). A detailed compilation of the most relevant intermolecular contacts is provided in 

Table S5. 

In the case of compound 3a, the crystal structure reveals a centrosymmetric dimeric motif 

primarily stabilized by C–H···O hydrogen bonds and π···π stacking interactions. The C–H···O 

contacts arise from weak hydrogen bonds between propyl C–H donors and phenolic oxygen 

acceptors, while π···π interactions between adjacent aromatic rings further stabilize the dimeric 

assembly by reinforcing close intermolecular association (Figure 4, top). 

 

Figure 4. Fragments of the crystal packing of compounds 3a highlighting the centrosymmetric dimeric 
arrangement. Hydrogen atoms not involved in intermolecular interactions are omitted for clarity. 

Aldehyde-type addition complexes further illustrate this structural versatility. Compound 

5b adopts a dimeric supramolecular arrangement, stabilized primarily by C–H···O hydrogen 

bonds, closely resembling the interaction pattern observed for 3a. In contrast, 5c assembles into a 
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centrosymmetric tetrameric motif, predominantly governed by bifurcated C–H···Cl interactions,66 

which promote extended supramolecular connectivity through halogen-assisted hydrogen 

bonding. These distinct packing modes are depicted in Figures S51 and S52, respectively. 

5.1 Hirshfeld surface analysis 

The Hirshfeld surface analysis67 was mapped over the dnorm and a shape index functions 

for the asymmetric unit. In cases where molecular disorder was present, all components were fully 

included in the analysis. The dnorm surfaces display pronounced red regions localized on 

heteroatoms and selected C-H groups, indicating the presence of short intermolecular contacts 

relative to the sum of the corresponding van der Waals radii. Complementary red and blue 

triangular features observed in the shape index maps are characteristic of π···π stacking 

interactions, which are clearly evident in compound 3a (Figure 5). 

 

Figure 5. Hirshfeld surfaces of complex 3a mapped over the dnorm (left) and shape index (right) functions. 
The yellow dotted circles highlight regions associated with π···π stacking interactions 

In addition, the two-dimensional Hirshfeld fingerprint plots,68,69 reveal clear similarities in 

the relative contributions of individual intermolecular contacts for compounds 3a, and 5b.  

A quantitative comparison of contact percentages across the addition complexes (3a, 5b 

and 5c) is summarized in Figure 6. In this representation, compound 5c exhibits an increased 

contribution from C···H/H···C interactions, which can be attributed to its higher aromatic content. 

Notably, in 3a these contacts arise primarily from centrosymmetric π···π stacking interactions.  

Page 18 of 37Dalton Transactions

D
al

to
n

Tr
an

sa
ct

io
ns

A
cc

ep
te

d
M

an
us

cr
ip

t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

8 
M

ar
ch

 2
02

6.
 D

ow
nl

oa
de

d 
on

 3
/1

8/
20

26
 1

1:
29

:1
2 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online

DOI: 10.1039/D6DT00442C

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6dt00442c


19 
 

 

Figure 6. Individual contribution of contacts in compounds 3a, 5b and 5c 

Additional Hirshfeld surface representations and quantitative fingerprint analyses for 

compounds 3a, 5b, and 5c, confirming the trends discussed above, are included in the Supporting 

Information (Figures S53–S57). 

6 Conclusions 

This study demonstrates that the outcome of Ni–POCOP pincer complex formation is 

dictated by the presence or absence of a base during the metalation step. When triethylamine is 

present, the in situ generated HCl is efficiently neutralized, suppressing ligand activation pathways 

and enabling the selective formation of aldehyde-type pincer complexes (2a-2c) as single products. 

In contrast, under base-free conditions, residual acidity promotes phosphinite activation and P–O 

bond cleavage, leading to the formation of imine-type addition complexes (3a-4c) in the reaction 

mixture, which can partially undergo hydrolysis during chromatographic purification to afford the 

corresponding aldehyde-type addition complexes (5a-5c). Single-crystal X-ray diffraction, 

complemented by spectroscopic analyses, unequivocally confirms the structures and coordination 

modes of all isolated species. While Ni–POCOP complexes incorporating imine functionalities 

have been previously reported, to the best of our knowledge, the formation of addition complexes 

arising from acid-promoted ligand activation during metalation has not been described, 

underscoring the critical role of reaction medium acidity in governing the stability and reactivity 

of phosphinite-based pincer systems. 
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7 Experimental section 

Unless otherwise stated, all reactions were carried out under a nitrogen atmosphere using 

standard Schlenk techniques. The yields reported correspond to the highest isolated yields obtained 

under the reaction conditions examined. Toluene was purchased from Tecsiquim and dried 

according to published procedures (Na0/acetophenone). Triethylamine was purchased from Sigma-

Aldrich and purified according to reported procedures.70 Column chromatography was performed 

on silica gel (Merck, 230-400 mesh).  

Melting points were recorded on a MELT-TEMP II apparatus and are reported uncorrected. 

FT-IR spectra were recorden on a Nicolet iS50 (Thermo Fisher Scientific) spectrometer using an 

attenuated total reflectance (ATR) accesory. 1H, 13C{1H} and 31P{1H} NMR spectrum were 

recorded on a Bruker Ascend 500 MHz spectrometer. Chemical shifts (δ) are reported in ppm and 

coupling constants (J) in Hz, using TMS or residual solvent signals as internal standards. DMSO-

d6 or CDCl3 were used as deuterated solvents. 

Direct analysis in real time (DART+) mass spectrum were recorded on a AccuTOF JMS-

T100LC spectrometer. Elemental analyses were performed using a Thermo Scientific Flash 2000 

elemental analyzer equipped with a Mettler Toledo XP6 Automated-S microbalance, using 

sulfanilamide as the calibration standard (Thermo Scientific BN 217826, certified values N = 

16.26%, C = 41.81%, H = 4.71%, and S = 18.62%; measured values: N = 16.40%, C = 41.91%, H 

= 4.65%, and S = 18.63%). 

7.1 General synthesis of 4-[(alkylimino)methyl]benzene-1,3-diol (1a-1b, Scheme 2) 

Ligands 1a41,42 and 1b43 were synthesized through a novel methodology, and their 

characterization data are consistent with the reported values. All reactions were conducted under 

ambient conditions, without the use of an inert atmosphere. 2,4-Dihydroxibenzaldehyde (1; 1 

equiv) was dissolved in ethanol (15 mL) and stirred for 5 minutes. The corresponding amine (a or 

b; 1.1 equiv) was then added dropwise, followed immediately by acetic acid (4 drops). The reaction 

mixture was refluxed for 10 min, then cooled in an ice/salt bath, and the resulting yellow solid was 

filtered and washed with cold hexane (3 x 10 mL). The purified products were obtained as 

crystalline yellow solids and dried under vacuum at 50 °C for 12 h. 
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7.1.1 Synthesis of 1a 

2,4-Dihydroxibenzaldehyde (1; 4 g, 28.9 mmol) and n-propylamine (a; 1.9g, 31.8 mmol) 

were used according to the general procedure (Section 8.1). Yield 89% (4.6 g). 

7.1.2 Synthesis of 1b 

2,4-Dihydroxibenzaldehyde (1; 4 g, 28.9 mmol) and tert-butylamine (b; 2.3 g, 31.8 mmol) 

were used according to the general procedure (Section 8.1). Yield 91% (5.1 g). Single crystals 

suitable for X-ray diffraction were obtained by slow diffusion of hexane into a saturated ethanolic 

solution of the imine at room temperature 

7.2 General synthesis of Ni(II)-POCOP pincer complexes NiCl[3-(CHO)-C6H2(2,6-(OPR2)2] 

and Ni(II)-POCOP pincer addition complexes. NiCl{3-[CH(PR2O)-(4-

[(alkylamino/formyl)methyl]benzene-1,3-diol-2-yl)]-C6H2(2,6-(OPR2)2)} (2a-5c, Scheme 3) 

Ligand 1a or 1b (1 equiv) was dissolved in toluene (20 mL), and triethylamine (2.1 equiv) 

was added dropwise. The resulting mixture was stirred at room temperature for 1 h, after which 

the corresponding chlorophosphine (a, b, or c; 2 equiv) was added dropwise and the mixture was 

stirred for an additional 24 h at room temperature. The resulting mixture was filtered, and the 

filtrate was added dropwise to a suspension of nickel(II) chloride (1.1 equiv) in toluene (25 mL). 

The reaction mixture was then stirred at 110 °C for 24 h. 

After cooling to room temperature, the mixture was filtered through Celite®, washing with 

toluene (3 x 5 mL). The solvent was removed under reduced pressure to afford a yellow solid, 

which was purified by column chromatography using a polarity gradient. Dichloromethane as 

eluent to afford the aldehyde-type pincer complexes 2a-2c, followed by dichloromethane/ethyl 

acetate (9.5:0.5) to obtain the imine-type addition products 3a-4c, and finally 

dichloromethane/ethyl acetate (9:1) to afford the aldehyde-type addition products 5a-5c, when 

accessible. 

Reactions initiated from imine 1a afforded, depending on the dialkylchlorophosphine 

employed (chlorodiisopropylphosphine (a), di-tert-butylchlorophosphine (b), or 

chlorodiphenylphosphine (c)), the corresponding complexes 2a, 3a and 5a; 2b, 3b and 5b; or 2c, 
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3c and 5c, which were isolated sequentially from a single chromatographic column. In contrast, 

reactions initiated from imine 1b yielded only the corresponding complexes 2a and 4a; 2b and 4b; 

or 2c and 4c, which were likewise isolated sequentially from a single chromatographic column. 

Due to the low isolated yields of the addition products (3a–3c, 4b, 4c and 5a–5c), sufficient 

material for spectroscopic characterization was obtained by combining the corresponding fractions 

from multiple independent reactions prior to analysis. 

7.2.1 Preparation of complexes 2a-2c, 3a-3c and 5a-5c from ligand 1a 

7.2.1.1 Complexes 2a, 3a and 5a 

Ligand 1a (926.6 mg, 5.17 mmol), triethylamine (1.51 g, 10.87 mmol), 

chlorodiisopropylphosphine (a; 1.58 g, 10.35 mmol), and anhydrous nickel(II) chloride (737.0 mg, 

5.69 mmol) were used according to the general procedure (Section 8.2). 

7.2.1.1.1 Complex 2a 

Yield:15% (359.5 mg). Anal. calc. for C19H31ClNiO3P2: C: 49.23, H: 6.74. Found: C: 

49.69, H: 6.95. 1H NMR (500 MHz, CDCl3) δ (ppm) 10.15 (s, 1H, OCH), 7.56 (d, 3JH-H = 8.4 Hz, 

1H, CHAr), 6.50 (d, 3JH-H = 8.4 Hz, 1H, CHAr), 2.56–2.41 (m, 4H, CH(CH3)2), 1.50–1.31 (m, 24H, 

CH(CH3)2). 13C{1H} NMR (126 MHz, CDCl3) δ (ppm) 188.47 (OCH), 173.87 (d, 2JC-P = 13.1 Hz, 

CAr), 171.39 (d, 2JC-P = 13.6 Hz, CAr), 128.80 (CHAr), 126.61 (t, 2JC-P = 21.0 Hz, CAr), 117.07 (d, 
3JC-P = 9.8 Hz, CAr), 107.26 (d, 3JC-P = 12.0 Hz, CHAr), 28.08 (d, 1JC-P = 13.9 Hz, C(CH3)3), 17.55 

(d, 2JC-P = 11.0 Hz, C(CH3)3), 16.82 (d, 2JC-P = 6.0 Hz, C(CH3)3). 31P{1H} NMR (202 MHz, CDCl3) 

δ (ppm) 193.68 (d, (AB) 2JP-P = 326.2 Hz, 1P), 189.89 (d, (AB) 2JP-P = 326.2 Hz, 1P). m.p. 149 °C. 

MS–DART: m/z 463 [M+1]+ (100%), m/z 465 [M+3]+ (72%). FTIR-ATR Selected IR data (ν cm-

1): 1667 (OCH).  

7.2.1.1.2 Complex 3a 

Yield: Traces. 1H NMR (500 MHz, CDCl3) δ (ppm) 14.51 (s, 1H, OH), 12.38 (s, 1H, OH), 

7.91 (s, 1H CH=N), 7.57 (d, 3JH-H = 8.4 Hz, 1H, CHAr), 6.85 (d, 3JH-H = 8.6 Hz, 1H, CHAr), 6.28 

(d, 3JH-H = 8.4 Hz, 1H, CHAr), 6.28 (d, 3JH-H = 8.6 Hz, 1H, CHAr), 5.70 (d, 2JH-P = 10.8 Hz, 1H, 

CHP(CH(CH3)2)), 3.51 (diasterotopic, dt, 2JH-H = 12.88 Hz, 3JH-H = 6.58 Hz, 1H, NCH2CH2CH3), 
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3.25 (diasterotopic, dt, 2JH-H = 13.01 Hz, 3JH-H = 6.85 Hz, 1H, NCH2CH2CH3), 2.38 (dt, 2JH-P = 

14.00 Hz, 3JH-H = 7.16 Hz, 2H, PCH(CH3)2), 2.31 (q, 2JH-P = 7.14 Hz, 3JH-H = 7.06 Hz, 2H, 

PCH(CH3)2), 2.12 (dt, 2JH-P = 14.72 Hz, 3JH-H = 7.31 Hz, 2H, OPCH(CH3)2), 1.59 (dq, 3JH-H = 13.85 

Hz, 4JH-H = 6.93 Hz, 2H, NCH2CH2CH3), 1.45 – 1.02 (m, 36H), 0.91 (t, 3H, 3JH-H = 8.6 Hz, 

N(CH2)2CH3). 13C{1H} NMR selected data (126 MHz, CDCl3) δ (ppm) 162.62 (C=N), 131.08 

(CAr), 129.82 (CAr), 109.46 (CAr), 109.21 (CAr), 30.93 (CHP). 31P{1H} NMR (202 MHz, CDCl3) δ 

(ppm) 185.47 (d, (AB) 2JP-P =324.4 Hz, 1P), 183.40 (d, (AB) 2JP-P =324.96 Hz, 1P), 66.62 ppm (s, 

P=O, 1P). m.p. 193 °C. MS–DART: m/z 758 [M+1]+ (100%). FTIR-ATR Selected IR data (ν cm-

1): 1609 (C=N), 1227 (P=O). Single crystals suitable for X-ray diffraction were obtained by slow 

evaporation from a 1:1 CH2Cl2/hexane solution. 

7.2.1.1.3 Complex 5a 

Yield: Traces. MS–DART: m/z 716 [M+1]+ (100%). 

7.2.1.2 Complexes 2b, 3b and 5b 

Ligand 1a (926.6 mg, 5.17 mmol), triethylamine (1.51 g, 10.87 mmol), di-tert-

butylchlorophosphine (b; 1.87 g, 10.35 mmol), and anhydrous nickel(II) chloride (737.0 mg, 5.69 

mmol) were used according to the general procedure (Section 8.2). 

7.2.1.2.1 Complex 2b 

Yield:30% (806.0 mg). Anal. calc. for C23H39ClNiO3P2: C: 53.16, H: 7.57,. Found: C: 

53.11, H: 7.67. 1H NMR (500 MHz, CDCl3) δ (ppm) 10.19 (s, 1H, OCH), 7.55 (d, 3JH-H = 8.5, 1H, 

CHAr), 6.50 (d, 3JH-H = 8.4, 1H, CHAr), 1.50 (d, 3JH-P = 11.7, 36H, P(CH(CH3)2)). 13C{1H} NMR 

(126 MHz, CDCl3) δ (ppm) 188.51 (OCH), 174.58 (d, 2JC-P = 11.9, CAr), 172.02 (d, 2JC-P = 11.8, 

CAr), 128.40 (CHAr), 126.17 (t, 2JC-P = 20.2, CAr), 116.85 (d, 3JC-P = 9.4, CAr), 107.09 (d, 3JC-P = 

11.4, CHAr), 39.72 (d, 1JC-P = 9.7, C(CH3)3), 28.06 (d, 2JC-P = 3.4, C(CH3)3). 31P{1H} NMR (202 

MHz, CDCl3) δ (ppm) 196.05 (d, (AB) 2JP-P = 299.9 Hz, 1P), 192.55 (d, (AB) 2JP-P = 300.5 Hz, 

1P). m.p. 232 °C. MS–DART m/z 519 [M+1]+ (100%), m/z 521 [M+3]+ (72%). FTIR-ATR 

Selected IR data (ν cm-1): 1689 (OCH).  
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7.2.1.2.2 Complex 3b 

Yield: Traces. 1H NMR (500 MHz, CDCl3) δ (ppm) 14.41 (s, 1H, OH), 13.12 (s, 1H, OH), 

7.94 (s, 1H CH=N), 7.92 (d, 3JH-H = 8.6 Hz, 1H, CHAr), 6.87 (d, 3JH-H = 8.6 Hz, 1H, CHAr), 6.32 

(d, 3JH-H = 8.5 Hz, 2H, CHAr), 6.00 (d, 3JH-H = 9.4 Hz, 1H, CHAr), 5.70 (d, 2JH-P = 10.8 Hz, 1H, 

P(CH(CH3)2)), 3.54 (diasterotopic, dt, 1H, 2JH-H = 12.9 Hz, 3JH-H = 6.6 Hz, NCH2CH2CH3), 3.34 

(diasterotopic, dt, 1H, 2JH-H = 12.4 Hz, 3JH-H = 7.2 Hz, NCH2CH2CH3), 1.78-1.64 (m, 2H, 

NCH2CH2CH3), 1.63 (dd, 9H, 3JH-P = 11.41 Hz, 5JH-P = 2.68 Hz, C(CH3)3), 1.47 (dd, 18H, 3JH-P = 

11.38 Hz, 5JH-P = 2.62 Hz, C(CH3)3) 1.42 (dd, 18H, 3JH-P = 11.06 Hz, 5JH-P = 2.68 Hz, C(CH3)3), 

1.28 (d, 9H, 3JH-P = 13.28 Hz, C(CH3)3), 1.15 (d, 9H, 3JH-P = 13.51 Hz, C(CH3)3), 0.96 (t, 9H, 3JH-

H = 7.39 Hz, NCH2CH2CH3). 13C{1H} NMR NMR selected data (126 MHz, CDCl3) δ (ppm) 

163.29 (C=N), 131.92 (CAr), 131.47 (CAr), 111.02 (CAr), 106.30 (CAr), 58.13 (diasterotopic, 

N=CH2CH2CH3), 33.11 (d, 2JC-P = 49.00 Hz, HCPCH(CH3)2), 28.87-26.00 (C(CH3)3) 24.08 

(CH2CH2CH3), 14.19 (CH2CH2CH3). 31P{1H} NMR (202 MHz, CDCl3) δ (ppm) 188.40 (d, (AB) 
2JP-P = 301.09 Hz, 1P), 186.49 (d, (AB) 2JP-P = 301.22 Hz, 1P) 74.98 (s, P=O, 1P). m.p. 250 °C. 

MS–DART: m/z 842 [M+1]+ (40%), m/z 163 [M-C33H51ClNNiO4P2] (100%). FTIR-ATR Selected 

IR data (ν cm-1): 1605 (C=N), 1243 (P=O). 

7.2.1.2.3 Complex 5b 

Yield: Traces. 1H NMR (500 MHz, CDCl3) δ (ppm) 13.91 (s, 1H, OH), 12.61 (s, 1H, OH), 

9.57 (s, 1H, OCH), 7.84 (d, 1H, 3JH-H = 8.60 Hz, CHAr), 7.25 (d, 1H, 3JH-H = 8.59 Hz, CHAr), 6.55 

(d, 1H, 3JH-H = 8.60 Hz, CHAr), 6.35 (d, 1H, 3JH-H = 8.59 Hz, CHAr), 5.81 (d, 1H, 3JH-P = 9.74 Hz, 

CHPC(CH3)3), 1.64 (d, 9H, 3JH-P = 13.07 Hz, PC(CH3)3), 1.49 (d, 9H, 3JH-P = 12.99 Hz, PC(CH3)3), 

1.44 (d, 9H, 3JH-P = 12.79 Hz, PC(CH3)3), 1.44 (d, 9H, 3JH-P = 12.83 Hz, PC(CH3)3), 1.30 (d, 9H, 
3JH-P = 13.43 Hz, OPC(CH3)3), 1.17 (d, 9H, 3JH-P = 13.75 Hz, OPC(CH3)3). 13C{1H} NMR selected 

data (126 MHz, CDCl3) δ (ppm) 193.96 (OCH), 134.16 (CHAr), 130.87 (CHAr), 113.49 (CHAr), 

106.30 (CHAr), 32.00 (d, 2JC-P = 48.43 Hz, HCPC(CH3)3), 28.39-27.70 (18C, PC(CH3)3). 31P{1H} 

NMR (202 MHz, CDCl3) δ (ppm) 190.04 (d, (AB) 2JP-P = 301.75 Hz, 1P), 189.96 (d, (AB) 2JP-P = 

301.75 Hz, 1P) 74.98 (s, P=O, 1P). MS–DART: m/z 801 [M+1]+ (100%). Single crystals suitable 

for X-ray diffraction were obtained from a 2:1 hexane/acetyl acetate solution.  
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7.2.1.3 Complexes 2c, 3c and 5c 

Ligand 1a (926.6 mg, 5.17 mmol), triethylamine (1.51 g, 10.87 mmol), 

chlorodiphenylphosphine (c; 2.28 g, 10.35 mmol), and anhydrous nickel(II) chloride (737.0 mg, 

5.69 mmol) were used according to the general procedure (Section 8.2). 

7.2.1.3.1 Complex 2c 

Yield: 3% (93.0 mg). Anal. calc. for C31H23ClNiO3P2: C: 62.10, H: 3.87. Found: C: 62.02, 

H: 3.91. 1H NMR (500 MHz, CDCl3) δ (ppm) 10.30 (s, 1H, OCH), 8.04–7.95 (m, 8H, CHAr), 7.69 

(d, 3JH-H = 8.4, 1H, CHAr), 7.60–7.51 (m, 4H, CHAr), 7.54–7.46 (m, 8H, CHAr), 6.72 (d, 3JH-H = 8.4, 

1H, CHAr). 13C{1H} NMR (126 MHz, CDCl3) δ (ppm) 188.26 (OCH), 172.01 (d, 2JC-P = 15.6, CAr), 

169.45 (d, 2JC-P = 16.3, CAr), 132.33 (d, 2JC-P = 6.4, CHAr), 132.02 (d, 2JC-P = 12.7, CHAr), 131.59 

(dd, 1JC-P = 7.8, 3JC-P = 4.0, CAr), 129.88 (CHAr), 129.12 (d, 3JC-P = 9.9, CHAr), 127.97 (t, 2JC-P = 

23.3, CAr), 118.08 (d, 3JC-P = 10.9, CAr), 108.4 (d, 3JC-P = 12.8, CHAr). 31P{1H} NMR (202 MHz, 

CDCl3) δ (ppm) 148.04 (d, (AB) 2JP-P = 374.2 Hz, 1P), 144.5 (d, (AB) 2JP-P = 374.2 Hz, 1P). m.p. 

233 °C. MS–DART m/z 599 [M+1]+ (100%), m/z 601 [M+3]+ (80%). ATR Selected IR data (ν 

cm-1): 1689 (OCH). Single crystals suitable for X-ray diffraction were obtained by slow diffusion 

of MeOH into a saturated CH2Cl2 solution of the complex at room temperature. 

7.2.1.3.2 Complex 3c 

Yield: Traces. 1H NMR (500 MHz, CDCl3) δ (ppm) 12.90 (s, 1H, OH), 12.52 (s, 1H, OH), 

9.50 (s, 1H CH=N), 8.02-7.93 (m, 13H, CHAr), 7.60-7.17 (m, 19H, CHAr), 6.59 (d, 3JH-H = 8.5 Hz, 

1H, CHAr), 6.51 (d, 3JH-H = 8.6 Hz, 1H, CHAr), 6.23 (d, 2JH-P = 12.7 Hz, 1H, PPh2. 13C{1H} NMR 

selected data (126 MHz, CDCl3) δ (ppm) 194.09 (C=N), 132.48-130.90 (CAr), 129.04-128.60 

(CAr), 128.11 (CAr). 31P{1H} NMR (202 MHz, CDCl3) δ (ppm) 141.3 (s, AB, 2P), 42.3 (s, P=O, 

1P). m.p. 258 °C. MS–DART: m/z 961 [M+1]+ (8%), m/z 203 M-C41H35ClNNiO4P2] (100%). 

FTIR-ATR Selected IR data (ν cm-1): 1601 (C=N), 1233 (P=O). 

7.2.1.3.3 Complex 5c 

Yield: Traces. 1H NMR (500 MHz, CDCl3) δ (ppm) 14.52 (s, 1H, OH), 12.31 (s, 1H, OH), 

8.01-7.82 (m, 13H, CHAr), 7.56-7.32 (m, 16H, CHAr), 6.82 (d, 1H, 3JH-H = 8.73 Hz, CHAr), 6.71 
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(m, 2H, CHAr), 6.58 (m, 2H, CHAr), 6.26 (d, 1H, 3JH-H = 8.66 Hz, CHAr). 13C{1H} NMR selected 

data (126 MHz, CDCl3) δ (ppm) 194.09 (C=O), 133.48-127.63 (CAr), 115.26-107.38 (CAr), 
31P{1H} NMR (202 MHz, CDCl3) δ (ppm) 141.28 (d, (AB) 2JP-P = 372.29 Hz, 1P), 139.21 (d, (AB) 
2JP-P = 372.02 Hz, 1P), 42.88 (s, P=O, 1P). Single crystals suitable for X-ray diffraction were 

obtained from a 2:1 hexane/acetyl acetate solution. 

7.2.2 Preparation of complexes 2a-2c and 4a-4c from ligand 1b 

7.2.2.1 Complexes 2a and 4a 

Ligand 1b (1 g, 5.17 mmol), triethylamine (1.51 g, 10.87 mmol), 

chlorodiisopropylphosphine (a; 1.58 g, 10.35 mmol), and anhydrous nickel(II) chloride (737.0 mg, 

5.69 mmol) were used according to the general procedure (Section 8.2). 

7.2.2.1.1 Complex 2a 

Yield: 22% (527.2 mg). 

7.2.2.1.2 Complex 4a 

Yield: 53% (2.1 g). Anal. calc. for C36H59ClNNiO5P3: C: 55.94, H: 7.69, N: 1.81. Found: 

C: 56.00, H: 7.81, N: 1.92. 1H NMR (500 MHz, CDCl3) δ (ppm) 15.06 (s, 1H, OH), 12.47 (s, 1H, 

OH), 7.95 (s, 1H, CH=N), 7.60 (d, 3JH-H = 8.5 Hz, 1H, CHAr), 6.90 (d, 3JH-H = 8.7 Hz, 1H, CHAr), 

6.35 (d, 3JH-H = 8.4 Hz, 1H, CHAr), 6.29 (d, 3JH-H = 8.7 Hz, 1H, CHAr), 5.82 (d, 2JH-P = 10.7 Hz, 1H, 

CHP), 2.51 – 2.40 (m, 2H), 2.41 – 2.32 (m, 2H), 2.26 – 2.12 (m, 4H), 1.52 – 1.11 (m, 45H) ppm. 
13C{1H} NMR selected data (126 MHz, CDCl3) δ (ppm) 158.14 (C=N), 130.72 (CAr), 110.05 (CAr), 

110.03 (CAr), 106.39 (CAr), 30.95 (CHP), 28.28-27.4 (4C, CH), 25.79-25.37 (2C, CH). 31P{1H} 

NMR (202 MHz, CDCl3) δ (ppm) 185.30 (d, (AB) 2JP-P =324.7 Hz, 1P), 183.18 (d, (AB) 2JP-P 

=324.8 Hz, 1P), 66.60 ppm (s, P=O, 1P). m.p. 231 °C. MS–DART: m/z 771 [M+1]+ (100%). FTIR-

ATR Selected IR data (ν cm-1): 1603 (C=N), 1242 (P=O).  
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7.2.2.2 Complexes 2b and 4b 

Ligand 1b (1 g, 5.17 mmol), triethylamine (1.51 g, 10.87 mmol), di-tert-

butylchlorophosphine (b; 1.87 g, 10.35 mmol), and anhydrous nickel(II) chloride (737.0 mg, 5.69 

mmol) were used according to the general procedure (Section 8.2). 

7.2.2.2.1 Complex 2b 

Yield: 37% (994.0 mg). 

7.2.2.2.2 Complex 4b 

Yield: Traces. 1H NMR (500 MHz, CDCl3) δ (ppm) 13.02 (s, 1H, OH), 11.40 (s, 1H, OH), 

9.67 (s, 1H, CH=N), 7.91 (d, 3JH-H = 9.0 Hz, 1H, CHAr), 7.37 (d, 3JH-H = 8.5 Hz, 1H, CHAr), 6.85 

(d, 3JH-H = 8.7 Hz, 1H, CHAr), 6.32 (d, 3JH-H = 8.6 Hz, 1H, CHAr), 6.06 (d, 2JH-P = 9.2 Hz, 1H, CHP), 

1.63 (d, 3JH-H = 12.9 Hz, 12H), 1.46 (d, 3JH-H = 12.7 Hz, 24H), 1.42 (d, 3JH-H = 12.5 Hz, 12H), 1.15 

(d, 3JH-H = 13.6 Hz, 12H) ppm. 13C{1H} NMR (126 MHz, CDCl3) δ (ppm) 194.3 (C=N), 132.35 

(CAr), 136.87 (CAr), 133.48 (CAr), 111.89 (CAr), 33.44 (CHP), 30.16-27.93 (6C, CH3). 31P{1H} 

NMR (202 MHz, CDCl3) δ (ppm) 189.07 (d, (AB) 2JP-P =301.5 Hz, 1P), 186.10 (d, (AB) 2JP-P 

=302.01 Hz, 1P), 76.43 ppm (s, P=O, 1P). MS–DART: m/z 858 [M+1]+. 

7.2.2.3 Complexes 2c and 4c 

Ligand 1b (1 g, 5.17 mmol), triethylamine (1.51 g, 10.87 mmol), chlorodiphenylphosphine 

(c; 2.28 g, 10.35 mmol), and anhydrous nickel(II) chloride (737.0 mg, 5.69 mmol) were used 

according to the general procedure (Section 8.2). 

7.2.2.3.1 Complex 2c 

Yield: 11% (341.0 mg). 

7.2.2.3.2 Complex 4c 

Yield: Traces. 1H NMR (500 MHz, CDCl3) δ (ppm) 14.60 (s, 1H, OH), 12.30 (s, 1H, OH), 

7.80 (s, 1H, CH=N), 7.98-7.80 (m, 10H, CHAr), 7.54-7.34 (m, 14H, CHAr), 7.23 (m, 2H, CHAr), 

7.05 (m, 1H, CHAr), 6.82 (d, 3JH-H = 8.69 Hz, 1H, CHAr), 6.73 (m, 2H, CHAr), 6.58 (m, 2H, CHAr), 
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6.22 (d, 3JH-H = 8.71 Hz, 1H, CHAr), 1.36 (s, 9H, C(CH3)3). 13C{1H} NMR (126 MHz, CDCl3) δ 

(ppm) 158.0 (C=N), 133.82-127.64 (CAr), 110.33 (CAr), 108.04 (CAr), 111.89 (CAr), 35.45 (CHP), 

29.90 (3C, CH3). 31P{1H} NMR (202 MHz, CDCl3) δ (ppm) 140.20 (s, (AB), 1P), 140.06 (s, (AB), 

1P), 43.23 ppm (s, P=O, 1P). MS–DART: m/z 976 [M-1]+. 

7.3 General synthesis of Ni(II)-POCOP pincer complexes. NiCl[3-(CHO)-C6H2(2,6-(OPR2)2] 

(2a-2c, Scheme 4) 

Ligand 1a or 1b (1 equiv) was dissolved in toluene (20 mL), and triethylamine (2.1 equiv) 

was added dropwise. The corresponding dialkylchlorophosphine (a, b, or c; 2 equiv) was then 

added dropwise, and the reaction mixture was stirred at room temperature for 6 h. The resulting 

mixture was filtered, and the filtrate was added dropwise to a suspension of nickel(II) chloride (1.1 

equiv) in toluene (25 mL). Subsequently, triethylamine (1.2 equiv) was added, and the mixture 

was stirred at 110 °C for 18 h. After cooling to room temperature, the mixture was filtered through 

Celite®, washing with toluene (3 x 5 mL). The solvent was removed under reduced pressure to 

afford a yellow solid, which was purified by column chromatography using dichloromethane as 

eluent. 

7.3.1 Preparation of complexes 2a-2c from ligand 1a 

7.3.1.1 Complex 2a 

Ligand 1a (926.6 mg, 5.17 mmol), triethylamine (first addition: 1.51 g, 10.87 mmol; 

second addition: 627.4 mg, 6.20 mmol), chlorodiisopropylphosphine (a; 1.58 g, 10.35 mmol), and 

anhydrous nickel(II) chloride (737.0 mg, 5.69 mmol) were used according to the general procedure 

(Section 8.3). Yield: 23% (551.2 mg). 

7.3.1.2 Complex 2b 

Ligand 1a (926.6 mg, 5.17 mmol), triethylamine (first addition: 1.51 g, 10.87 mmol; 

second addition: 627.4 mg, 6.20 mmol), di-tert-butylchlorophosphine (b; 1.87 g, 10.35 mmol), and 

anhydrous nickel(II) chloride (737.0 mg, 5.69 mmol) were used according to the general procedure 

(Section 8.3). Yield: 30% (806.0 mg). 
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7.3.1.3 Complex 2c 

Ligand 1a (926.6 mg, 5.17 mmol), triethylamine (first addition: 1.51 g, 10.87 mmol; 

second addition: 627.4 mg, 6.20 mmol), chlorodiphenylphosphine (c; 2.28 g, 10.35 mmol), and 

anhydrous nickel(II) chloride (737.0 mg, 5.69 mmol) were used according to the general procedure 

(Section 8.3). Yield: 5% (155.0 mg). 

7.3.2 Preparation of complexes 2a-2c from ligand 1b 

7.3.2.1 Complex 2a 

Ligand 1b (1 g, 5.17 mmol), triethylamine (first addition: 1.51 g, 10.87 mmol; second 

addition: 627.4 mg, 6.20 mmol), chlorodiisopropylphosphine (a; 1.58 g, 10.35 mmol), and 

anhydrous nickel(II) chloride (737.0 mg, 5.69 mmol) were used according to the general procedure 

(Section 8.3). Yield: 63% (1.5 g). 

7.3.2.2 Complex 2b 

Ligand 1b (1 g, 5.17 mmol), triethylamine (first addition: 1.51 g, 10.87 mmol; second 

addition: 627.4 mg, 6.20 mmol), di-tert-butylchlorophosphine (b; 1.87 g, 10.35 mmol), and 

anhydrous nickel(II) chloride (737.0 mg, 5.69 mmol) were used according to the general procedure 

(Section 8.3). Yield 80% (2.1 g). 

7.3.2.3 Complex 2c 

Ligand 1b (1 g, 5.17 mmol), triethylamine (first addition: 1.51 g, 10.87 mmol; second 

addition: 627.4 mg, 6.20 mmol), chlorodiphenylphosphine (c; 2.28 g, 10.35 mmol), and anhydrous 

nickel(II) chloride (737.0 mg, 5.69 mmol) were used according to the general procedure (Section 

8.3). Yield 55% (1.7 g). 

7.4 Data collection and refinement for compounds 1b (CCDC 2515386), 2c (CCDC 2515382), 

3a (CCDC 2529829), 5b (CCDC 2515642) and 5c (CCDC 2515643). 

Complex 3a was characterized on a Bruker D8 Venture diffractometer equipped with a 

Mo-Kα X-ray source (A = 0.71073 Å). Cell parameters were determined using the Bruker SAINT. 
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The rest of the crystals were mounted on a Bruker Smart Apex II diffractometer equipped with a 

Mo-target X-Ray source (λ = 0.71073 Å). The detector was placed at 5.0 cm from the crystals, and 

frames were collected with a scan width of 0.5 cm in ω and an exposure time of 10 s per frame. 

Data were integrated with the Bruker SAINT software using a narrow-frame integration algorithm. 

Hydrogen atoms were input at calculated positions and allowed to ride on the atoms to which they 

were attached. Absorption corrections were applied using the SADABS program.71 Complex 5b 

and 5c were characterized on an Oxford Diffraction Gemini diffractometer equipped with a Mo-

Ka X-ray source (λ = 0.71073 Å). CrysAlisPro and CrysAlis RED software packages were used 

for data collection and integration.72 Structure solutions and refinements were carried out with the 

SHELXS-2018 and SHELXL-2019 packages.73,74 

Molecular structures were visualised, drawn, and intermolecular distances in the crystal 

structures of compounds were analysed with Mercury75 Software V2023.3.0. Hirshfeld Surfaces 

and Fingerprints plots were computed by each of the molecules of the asymmetric unit with 

CrystalExplorer76 V21.5. 

8 Author contributions 

Synthesis: J. R.-G. and J. S. O.-O.; Writing – original draft: J. R.-G. and T. K. H.; X-ray 

and supramolecular analyses: A. A.-C., S. H.-O., M. F.-A., and J. R.-G.; Visualization: J. R.-G., 

A. R.-M. and J. S. S.-G. Review and editing: J. R.-G., T. K. H., and D. M.-M.; Conceptualization 

and supervision, Review and editing, funding acquisition: D. M.-M. 

9 Supplementary Materials 

The following are available online. 1b (CCDC 2515386), 2c (CCDC 2515382), 3a (CCDC 

2529829), 5b (CCDC 2515642) and 5c (CCDC 2515643), contain the supplementary 

crystallographic data for this paper. These data can be obtained free of charge via 

www.ccdc.cam.ac.uk/cgi-bin/catreq.cgi, by e-mailing data_request@ccdc.cam.ac.uk, or by 

contacting: The Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, 

UK, Fax; +44(0)-1223-336033. 
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