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Simple and easy functionalization of para-hydroxy
POCOP-M (M = Ni(in), Pd(n)) pincer complexes:
synthesis of multimetallic speciest
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A facile and efficient method for synthesizing mono- and bi-metallic pincer complexes (3-Ni/Ni and 3-
Ni/Pd) has been developed. The procedure involves a 1:1 stoichiometric reaction of a para-hydroxy
POCOP pincer complex with cyanuric chloride in the presence of [NaB(OMe)4l, which selectively affords
the mono-substituted pincer complexes (2-Ni and 2-Pd). These complexes are then further reacted with
another equivalent of the para-hydroxy POCOP pincer complex to produce the desired multimetallic
species (3-Ni/Ni and 3-Ni/Pd). The complexes can be easily isolated in moderate to good yields using
chromatographic column purification. This straightforward synthesis procedure offers an attractive option
for the preparation of multimetallic complexes. Furthermore, the molecular structures of complexes 2-Ni,
2-Pd, 3-Ni/Pd and 3-Ni/S were determined. The crystal packing of the structures was stabilized by
various interactions including C-H---X (X = N, Cl, and F), n---x, and C—F---F interactions, contributing to
their unique topologies. While 2-Ni and 2-Pd complexes exhibit similar molecular structures, they display
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distinct arrangements in their crystalline packing, such as monomeric chains in 1D arrangement along the
c-axis for 2-Ni, and a symmetric dimeric species creating a 2D arrangement in the direction of the bc-
axes for 2-Pd. The latter was corroborated by Hirshfeld surface analysis and 2D dimensional fingerprint

Open Access Article. Published on 14 November 2024. Downloaded on 8/4/2025 4:59:11 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

rsc.li/dalton plots of each crystal structure.

Introduction

Pincer complexes serve as excellent platforms for synthesizing
highly active catalysts and advanced materials. They have the
ability to catalyze several reactions that are vital in many
chemical industries, including (de)hydrogenation and cross-
coupling, among others, making them essential for many
applications." However, in most cases, pincer complexes are
used as homogeneous catalysts, which limits their use in large
scale applications due to several factors. Homogeneous cata-
lysts are difficult to recover and reuse, and the isolation and
purification of the products are often laborious.
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Metallodendrimers are a promising way to support homo-
geneous catalysts.” This approach has several advantages over
using traditional homogeneous catalysts. For example, metal-
lodendrimers are soluble in many organic solvents, have well-
defined and regular structures, and can be easily recovered by
filtration due to their nanometric size. These features make
them attractive for designing catalysts, as they allow for the
recovery and purification of catalytic products. Therefore,
various efforts have been made to develop procedures for the
synthesis of pincer-dendrimers.

One of the most common strategies to functionalize a
pincer complex is to introduce an easily functionalizing group
or anchoring group, such as -OH, -NH,, halogen, alkyne, etc.,
into the pincer backbone.® This approach was pioneered by
van Koten and co-workers who reported the reaction of a para-
hydroxy pincer complex with a dendrimer precursor derived
from acyl chlorides (Scheme 1a),* while Veggel and Reinhoudt
described the synthesis of metallodendrimers of zero order
(Go) by reacting a multi-pincer ligand precursor with a metal
source (Scheme 1b).> However, both methods were limited to
the generation of homometallic species. Despite this limit-
ation, both methodologies were easily carried out in the
laboratory.

This journal is © The Royal Society of Chemistry 2025
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Scheme 1 Synthesis of multimetallic complexes.

In our previous work, we successfully synthesized a series
of para-hydroxy POCOP-pincer complexes and investigated
their reactivity towards acyl chlorides to form ester derivatives.®
Based on these results, we hypothesized that by using these
para-hydroxy pincers and cyanuric chloride as building blocks,
we could control the generation of dendrimers G, which
would enable the incorporation of different pincer complexes,
and ultimately allow for the synthesis of heterometallic species
(Scheme 1c). The ability to synthesize heterometallic species
has garnered significant attention due to their exceptional
catalytic properties, particularly their capacity to perform
tandem processes.” The incorporation of different pincer com-
plexes into these heterometallic species would also allow for
fine-tuning of their catalytic properties for specific appli-
cations (Fig. 1).

Results and discussion

To conduct our investigation, we initially carried out the 1:1
stoichiometric reaction of a para-hydroxy POCOP pincer
complex with cyanuric chloride in the presence of [NaB(OMe),]
at 0 °C, as depicted in Reaction A in Scheme 1. We were able to
isolate the functionalized pincer complexes 2-Ni and 2-Pd in
yields of 80% and 47%, respectively, after workup. The 'H
NMR spectra of both complexes showed the absence of the
-OH signal, while the ">C NMR spectra exhibited the corres-
ponding signals of the cyanuric chloride at 171 and 173 ppm,
respectively. The mass spectra provided us with additional
structural information, revealing the molecular ion [M]" at 655
and 703 m/z, respectively, confirming the mono-metallic
nature of 2-Ni and 2-Pd.

This journal is © The Royal Society of Chemistry 2025
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Fig. 1 Reported strategies to obtain pincer-based metallodendrimers.

With this information, we then explored the reactivity of
2-Ni and 2-Pd towards another equivalent of pincer complex
1-Ni using similar reaction conditions, triazine derivative,
1-Ni, and [NaB(OMe),] in THF at 0 °C, as shown in Reaction B
in Scheme 1. We obtained the dimetallic species 3-Ni/Ni and
3-Ni/Pd in 53% and 69% yield, respectively. The 'H, °C, and
3P NMR spectra of complex 3-Ni/Ni showed a highly sym-
metrical molecule, whereas complex 3-Ni/Pd exhibited the
presence of two different pincer fragments. The "H NMR spec-
trum showed the aromatic proton of the pincer backbone at
6.21 ppm for the Ni fragment and at 6.37 ppm for the Pd
moiety. In the *'P NMR spectrum, two signals were observed at
195.1 and 190.4 ppm for the Pd- and Ni-pincer fragment,
respectively. Furthermore, the mass spectra of complexes 3-Ni/
Ni and 3-Ni/Pd showed the molecular ion [M]+ at 1125 and
1173 m/z, respectively, confirming the proposed structures.

Additionally, we investigated the reactivity of the triazine
pincer (2-Ni) towards a fluorinated-thiolate (Reaction C,
Scheme 1). The high affinity of the thiolate for the metal
center led to a ligand exchange, with the chlorine being
replaced by the thiolate ligand. The substitution of the chlor-
ine atoms at the triazine moiety by the fluorinated-thiolate
also occurred, resulting in the formation of complex 4-Ni/S in
48% yield. The "H NMR spectrum of 4-Ni/S showed the signal
of the pincer ligand backbone at 1.34 and 6.18 ppm, while the
corresponding signals of the fluorinated-thiolate were
observed at 6.60 and 7.10 ppm. The signals of the fluorinated-
thiolate in the >C NMR spectra appeared as multiplets with
low intensity due to the '*F-">C coupling. The *'P NMR spec-
trum displayed only one signal at 190.0 ppm, consistent with
the proposed structure. The mass spectrum of 4-Ni/S showed

Dalton Trans., 2025, 54, 694-699 | 695
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the molecular ion [M]" at 1091 m/z, confirming the successful
synthesis of the complex.

To determine the molecular structures of the complexes,
we conducted single-crystal X-ray diffraction analyses. We
obtained suitable crystals by slow evaporation of a solution of
each complex in a 1:1 ethyl acetate/hexane mixture. The
crystal data and refinement parameters for each complex are
presented in ESI.f Complexes 2-Ni and 2-Pd are isostructural
and crystallized in a monoclinic system with a space group of
P2,/n, while complexes 2-Ni/Pd and 4-Ni/S crystallized in a tri-
clinic system with a P1 space group. The X-ray diffraction ana-
lyses allowed us to confirm the proposed molecular structures
of each complex.

The molecular structures of complexes 2-Ni, 2-Pd, 3-Ni/Pd,
and 4-Ni/S are shown in Fig. 2. Consistent with our expec-

Fig. 2 Molecular structures of (a) 2-Ni, (b) 2-Pd, (c) 3-Ni/Pd and (d) 4-
Ni/S. Hydrogen atoms and disordered counter parts were omitted for
clarity. The ellipsoids are represented at 40% probability.
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tations, the metal centers in all complexes are tetracoordinated
to two phosphine ligands, one carbon ligand, and one anionic
ligand (chlorine or sulfur) and adopt a distorted square-planar
geometry. The most significant angles and bond lengths are
presented in Table S5 (see ESIf). Notably, the lengths of the
Ni-P, Ni-Cl, and Ni-C bonds in all complexes were similar,
ranging from 2.18 to 2.24 A, 2.18 to 2.26 A, and 1.88 to 1.93 A,
respectively. In contrast, the distances in the Pd pincer frag-
ments were slightly higher, ranging from 2.24 to 2.27 A, 2.30 A,
and 1.97 to 2.00 A, respectively. Finally, the Ni-S bond distance
was 2.23 A. All of these measurements were consistent with
previous reports.*®

A more detailed study of the X-ray molecular structures
revealed that the crystal packing is mainly stabilized by various
interactions such as C-H--X (X = N, Cl, and F), n---n and
C-F---F (Fig. 3). These interactions play a crucial role in the
linkage and stability of the crystal lattice, giving rise to unique
topologies in each structure. For example, while 2-Ni and 2-Pd
complexes have similar molecular structures, their crystal
packings are different. Compound 2-Ni forms monomeric
chains in a 1D arrangement along the c-axis through C-H:--Cl-
Ni intermolecular interactions between neighboring molecules
with a H---Cl distance of around 2.87 A (Fig. 3a). In contrast,
2-Pd shows two C-H---CI-Pd intermolecular interactions, one
between the hydrogen of the phenyl moiety and Cl(1)-Pd(1),
and the other between the tert-butyl moiety and Cl(1)-Pd(1),
with a distance of 2.83 A for both cases. Additionally, a &---n
intermolecular interaction was observed through the (C;N3)
aromatic rings of (C;N;) triazine fragments, which are found
almost eclipsed face-to-face in an antiparallel disposition with
a distance between centroid-centroid of 3.68 A (Fig. 3b). This
results in the formation of a symmetric dimeric species and a
2D arrangement in the direction of the bc-axes (Fig. 3b).

Compound 3-Ni/Pd also exhibits a dimeric structure that is
generated by two intermolecular hydrogen bonds and a n---x
interaction (Fig. 3c). The two C-H---N hydrogen bonds are
formed between the hydrogen H4 of the phenyl moiety and a
nitrogen atom of the triazine fragment, with a distance of
2.54 A. In addition, a n---m interaction is observed between the
(C3Ny) triazine fragments, which are almost eclipsed face-to-
face in an antiparallel n-stacking, with a distance between the
centroids of 3.81 A. These dimeric species form columns that
run along the g-axis.

Compound 4-Ni/S is stabilized primarily by intermolecular
interactions such as C-H---F-C, C-H:--S-C, and C-F---F-C
(Fig. 3d, e and S21%). The F---F non-bonded distances are
found in the range of 2.86-2.93 A with angles ranging from
107-110° (Fig. 3d), and these distances are slightly shorter
than the sum of van der Waals radii (F---Frqy = 2.94 A). The
pincer molecules are linked by intermolecular C-H:.-S-C
hydrogen bonds with an H---S distance of 2.90 A, resulting in a
1D chain structure along the c-axis (Fig. S211). The fluorinated
thiol fragments also participate in C-F---F-C interactions,
which help to stabilize the 1D arrangement. Additionally,
C-H---F and C-H--N (Fig. S22f) hydrogen bonds were
observed with distances of 2.53 and 2.72 A, respectively.

This journal is © The Royal Society of Chemistry 2025
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Fig. 3 (a) C—H---Cl interactions observed in compound 2-Ni. (b) C—H---Cl and =---% interactions observed in compound 2-Pd. (c) C-H---N and =---x
interactions observed in 3-Ni/Pd. (d) C—H---x and C—F---F interactions observed in compound 4-Ni/S (e) 1D chain formed by C-F---S hydrogen
bonds in 4-Ni/S.

We employed the CrystalExplorer program® to generate highlighting regions of close contact (red dots) analyzed via
Hirshfeld surfaces for 2-Ni, 2-Pd, 3-Ni/Pd, and 4-Ni/S. In the d,m function. Complexes 2-Ni and 2-Pd exhibited similar
Fig. S23,1 the Hirshfeld surface of all complexes is depicted, crystalline packaging, with similar d,,om and shape-index func-

This journal is © The Royal Society of Chemistry 2025 Dalton Trans., 2025, 54, 694-699 | 697
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Chart 1 Plot of percentages of contacts observed in compounds 2-Ni,
2-Pd, 3-Ni/Pd and 4-Ni/S.

tion maps (Fig. S23a-S23d}). Analysis of compound 3-Ni/Pd
confirmed the presence of CH:-N and =---m interactions
(Fig. S23e and S23f}). Additionally, the d,om mapping for
4-Ni/S indicated strong hydrogen bond interactions
(Fig. S23gt), particularly the C-H---C hydrogen bond between
a C-H of the pincer ring and the fluorinated ring.

Furthermore, fingerprints of the Hirshfeld surfaces were
obtained for 2-Ni, 2-Pd, 3-Ni/Pd, and 4-Ni/S (Table S7%).
Despite having different metal centers, compounds 2-Ni and
2-Pd displayed similar percentage contributions due to the
maintenance of similar contact types. The most significant
contributions were attributed to N---H/H---N and Cl.--H/H--Cl
interactions, depicted as symmetrical points across the diag-
onal in Table S7.f Similarly, compounds 3-Ni/Pd and 4-Ni/S
displayed comparable patterns. However, in 4-Ni/S, the
absence of chlorine atoms precluded Cl---H/H---Cl inter-
actions, replaced instead by F---H/H:--F contacts, observed at a
higher percentage due to the increased number of fluorine
atoms. Additionally, compound 4-Ni/S exhibited fluorine F---F
(6.3%) and S---H/H---S (5.0%) contacts (Chart 1).

Conclusions

In summary, the solid-state structures of the complexes 2-Ni,
2-Pd, 3-Ni/Pd, and 4-Ni/S were investigated using single-crystal
X-ray diffraction. The molecular structures indicate that the Ni
() and Pd(u) centers exhibit a distorted square-planar environ-
ment and the POCOP pincer ligand coordinates to the metallic
atom in a typical meridional fashion. Complexes 2-Ni and
3-Ni/Pd are monomeric structures, whereas the complexes 2-Ni
and 3-Ni/Pd adopt a dimeric structure. In the crystal lattice,
complexes 2-Ni and 4-Ni/S exhibit a 1D arrangement through
C-H---X (X = Cl, S), while the 3-Ni/Pd complex displays a 2D
arrangement due to C-H-:-Cl and =---7 interactions. The crystal
packing of 4-Ni/S is particularly intriguing due to the presence
of C-F---F and C-F---H interactions. The interactions were sup-
ported by the determinations of Hirshfeld surface plots.
Overall, these findings provide insights into the structural pro-
perties of these complexes and may facilitate the design and
synthesis of novel materials with desirable properties.

The presented methodology for the functionalization of
para-hydroxy pincer complexes offers a straightforward
approach for the synthesis of multimetallic species. Also, this

698 | Dalton Trans., 2025, 54, 694-699
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methodology has the potential to be extended to other pincer
complexes, opening up the possibility of creating a diverse
range of dendritic architectures with various functional
groups. These dendritic architectures could have a broad range
of applications beyond -catalysis, including drug delivery,
sensors, and molecular recognition. The simplicity and
efficiency of the methodology make it an attractive option for
the scalable synthesis of these complex materials. Thus, we
believe that this methodology will have a significant impact on
the fields of materials science and catalysis, and it holds
promise for the development of new and
technologies.

innovative
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