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The templating properties of a diaza-nickel-cis-dithiolate towards triphenylphosphine gold(), yielding a
transoid [Ni(N,S,)-2Au(PPhz)] complex (T. A. Pinder, S. K. Montalvo, A. M. Lunsford, C.-H. Hsieh,
J. H. Reibenspies and M. Y. Darensbourg, Dalton Trans., 2014, 43, 138-144) suggested that a suitable ana-
logue of d°-Au(), i.e., {Ni(NO)}®, could generate a tetrahedral nickel node for a [Ni(N>S,)-2Ni(NO)(X)],,
coordination polymer. Monomeric precursors, derived from Feltham's [(PhzP),Ni(NO)(Cl)] (R. D. Feltham,
Inorg. Chem., 1964, 3, 116-119) produced the bidentate/sulfur-chelated [Ni(N,S;)-Ni(NO)(X)] species with
loss of PPhs. Exchange of Cl™ by azide, N3, in the {Ni(NO)}*® synthon led to the balance of electrophilicity
at Ni(NO) and non-covalent (H-bonding and van der Waals) interactions that stabilized the extended
chain of bridging sulfurs, in transoid connectivities, between a square planar Ni"' and a tetrahedral Ni, the
latter within the electronic and spin-delocalized {Ni(NO)*© system. This study defines a new path that
creates coordination polymers using metallodithiolates, the success of which, in this case, depends on
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Introduction

Coordination polymers are broadly defined as extended struc-
tures based on metal ions linked into an infinite chain, sheet,
or three-dimensional construction by bridging ligands.'™
Once formed, the balance of electronic and steric features/
requirements that lead to the thermodynamic preference of
observed connections in coordination polymers, may be, in
many cases, readily rationalized. However, a priori design prin-
ciples for a particular set of synthons, are not so easily pre-
dicted. Thus, advances in this huge field are typically made
from knowledge of serendipitous prior success(es), based on
certain building blocks and their fundamental properties.

A broad range of molecular compositions and structures
are known to result from the ability of metallo-cis-dithiolates
(Fig. 1) to capture multiple and numerous exogenous metals at
the thiolate sulfurs.” Various synthetic approaches continue to
be developed for entry into hetero bi- and polymetallic com-
plexes, particularly extensive for square-planar, d® Ni(u)N,S,
derivatives, where the N,S, platform is contiguous nitrogen
and sulfur linked by hydrocarbons. This arrangement places
the two thiolates in a propitious position for bidentate ligation
to exogeneous metals, including Ni---Ni’ arrangements in

Department of Chemistry, Texas A & M University, College Station, Texas 77843,
USA. E-mail: hall@science.tamu.edu, marcetta@chem.tamu.edu

tElectronic supplementary information (ESI) available. CCDC 2195745, 2368990,
2368992, 2378998, 2379907 and 2380703. For ESI and crystallographic data in
CIF or other electronic format see DOI: https://doi.org/10.1039/d4dt03174a

This journal is © The Royal Society of Chemistry 2025

the highly polarizable {Ni(NO)}'° unit.

biology.® In general, the bonding within [M(n>-p-SR),]M’ may
be compared to diphosphine-M’ or bipyridine-M’ interactions,
as the nucleophilicity of metal-bound thiolate sulfurs has been
somewhat deactivated relative to anionic RS™, making the
M-S-R similar to neutral P or N donors.” However, the stereo-
chemistry demanded by the remaining sulfur lone pairs, and
the orientation of their orbital lobes in MSR, particularly cis-M
(SR),, provide structural possibilities (as shown in Fig. 1) una-
vailable to phosphorus or nitrogen donors. Most importantly,
they generate stable sulfur-bridged polymetallics.

The successful linking of NiN,S, molecules through the
attachment of electrophiles to the metal-bound thiolate
sulfurs is an obvious strategy that offers an enormous prospect
for synthesis of S-based coordination polymers. Most struc-
tural platforms involving [M(n*-u-SR),]M’ thus far reported are
related to bidentate M(n?>-u-SR), binding in which the stereo-
chemistry of the [M(n*-u-SR),]M' is governed by the minimiz-
ation of sulfur lone pair repulsion.” The cis-configuration gen-
erates a butterfly-type hinge at the bridge (Fig. 1, EROPEG).?
However, the placement of two M’ electrophiles in a transoid
arrangement relative to the M(p-SR), plane, observed for a bis-
[Au(PPhs;)], derivative (Fig. 1, TINDUR) hints at the opportunity
for designing coordination polymers based on NiN,S, bridges
that link metal units in possession of two accessible open sites.’

It is well known that sulfur-based linkers exhibit energetic
alignment with transition metal d orbitals, leading to stronger
interactions and potentially superior material properties.’® A
prominent example from the Anderson group has revealed
that a 4Fe4S-based coordination polymer can be used as a
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Fig. 1 Examples of various binding modes of NiN,S, due to presence of two lone pairs on each sulfur atom.®°* |dentifiers taken from deposits in

Cambridge Crystallographic Data Base.

heterogeneous, proton-electron coupled transfer mediator
during electrocatalysis."* These highly active and robust coca-
talysts can be easily recyclable during the electrocatalysis as
compared to the monomeric 4Fe4S clusters.

Here we report a synthon, [Ni(NO)(Cl)(PPhy),],"* with {Ni
(NO)}*® as an electronic analogue of d*® Au® or {Fe(NO),}"°
(i.e., the total number of electrons in the metal-d orbitals + n*
manifold of NO is 10, represented in the Enemark-Feltham
(E-F) notation'®) which can bind with NiN,S, similar to the
[Ni(N,S,)-Fe(NO),] complex, EZEXEO in Fig. 1.'* Upon re-
placement of chloride by azide, the bidentate binding of the
NiN,S, opens up and exposes an open site on the neutral Ni
(NO)(N3) unit. This unit is found to serve as a hub for con-
necting the NiN,S, linkers in transoid arrangement as seen
for the bis-[Au(PPh;)], derivative, TINDUR, Fig. 1.° The suc-
cessful conversion of the azide derivative into the metallo
polymer contrasts to the analogous [Ni(NO)(CI1)(PPhs),] which
is incapable of such development; the latter serves as a basis
for understanding the balance of nickel electrophilicity and
geometrical preferences. This report defines a new path to
construct S-based coordination polymers using available lone
pairs of sulfur in metallodithiolate ligands, the success of
which is based on the electronically and structurally respon-
sive {Ni(NO)}*° unit.

Results and discussion
Synthesis and characterization

(Caution! All described syntheses of azides result in potential
energetic compounds with possible sensitivities towards heat,
friction, impact and discharge. Although no incidents
occurred during these syntheses personal safety equipment as
well as grounded equipment is strongly recommended! Only
small quantities (10-20 mg) of material should be used (at a

4928 | Dalton Trans., 2025, 54, 4927-4934

time) during reactions with azide and metal spatulas should
never be used.)

Relative to phosphines, bipyridines or isonitriles, the sulfur
lone pairs in MN,S, metallodithiolates are of greater nucleo-
philicity and make them reasonable synthons in the design of
sulfur-bridged heterometallics, some of which are directed
towards catalysis.'> Reaction of (dadt®)Ni (dadt®™ is N,N'-
dibenzyl-3,7-diazanonane-1,9-dithiolate)'® with NiCl,(PPh;),
did not however produce the expected [(dadt®)Ni-NiCl,]
adduct. Instead, two Cl™ ions were displaced, giving the ubi-
quitous trinickel complex with three square planes arranged in
the stair-step configuration, [(dadt®)Ni-Ni"-Ni(dadt®*)]**,
having [NiCl4]>~ as an anion, shown in Scheme 1a. The XRD-
derived structure of this salt is shown in Fig. S1 and S2 and
selected bond angles and lengths are given in Table S1.f
Isolation of this complex prompted us to pursue the reported
[Ni(NO)(CI)(PPh;),] complex as synthon."?

The tetrahedral [Fe(CO),(NO),] synthon binds with MN,S,
with loss of carbonyl ligands as shown in EZEXEO, Fig. 1.™*
We hypothesized that nitric oxide (NO) might be a suitable
candidate to accommodate the additional electron density pro-
duced from binding of the metallodithiolates while maintain-
ing the geometry of the tetrahedral Ni center of [Ni(NO)(CI)
(PPh3),]. Accordingly, a stoichiometric amount of the Ni(NO)
reagent was added to a methanolic solution of (dadt®*)Ni pro-
ducing a colour change from brown to dark blue, concomitant
with the loss of the ¥(NO) absorption of the precursor complex
[Ni(NO)(CI)(PPh;),] in CH;OH at 1735 cm™'; a new band
appeared at ca. 1757 cm™" (Fig. S3af). The reaction solution
was stirred for an additional hour. Evaporation of the solvent
and recrystallization from CH3;CN/Et,O yielded complex 1 in
85% yield as a dark green crystalline solid suitable for X-ray
diffraction, Scheme 1b. The solid state »(NO) IR spectrum is
shown in Fig. S3b.t Mass spectral analysis of this complex
shows m/z = 518.0360 which confirms the presence of the
expected neutral complex 1 (Fig. S4 and S57). Another signal at

This journal is © The Royal Society of Chemistry 2025


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4dt03174a

Open Access Article. Published on 17 December 2024. Downloaded on 8/6/2025 5:31:04 PM.

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

(cc)

Dalton Transactions

View Article Online

Paper

[ Tz
a) Ph WNit=s 2, i
(a) PRNN“/ i S\Ni""'/s NiCl42
<N~~~ NS 4‘\;?\1 Complex 2
- 10705';'P'e’_<1:' — Yield = 30% \Jgh  Vv(NO) v(Ns)
\ = cm In ivie! -1 1
v (NO) = 1722 cm* (Solid) NaNo, 1757 cm 2045 cm MeOH
PPhy cl 1733cm'  2035cm-'  Solid
- NaCl ok -2PPh,
- OPPh, PhsPVy “pph,
o Cl o (c)
N N3
(b) N h ON, §
S | . NS
—_— N"‘\“\\S,," Ph P““‘NI\PPh /T\\S Phsp\\\\-Nl\PPh /Nk
Ni==S 2, 3 ) 3
Ph—~NY SNi—NO ol " e N —_—t oSS
N / —— "ONY Ph—_ /  Ni=s..
ci - 2PPh, <N -2PPh, Pholl? /e
Complex 1 (dadtB)Ni < ’
Yield = 85%
Complex 2
+ NaN,;, - NaCl Yield = 70%
+ NaN,, - NaCl T

Scheme 1 Synthetic routes to complexes reported in this study. MeOH was used as a solvent for all reactions. Note: complex 2 is the coordination

polymer, alternatively referred to as CP2.

m/z = 780.1271 was observed, interpreted as due to the pres-
ence of a di-nickel complex with one triphenyl phosphine i.e.,
[(dadt®*)Ni-Ni(NO)(CI)(PPh;)], analogous to a previously
reported gold complex (Fig. 1, identification code: TINDIF).’
Despite several attempts this complex could not be isolated or
characterized further. However, a change in the N,S, ligand
backbone led to success.

A [(N,S,)Ni-Ni(NO)(C1)(PPh3)] complex similar to the Ni-Au
TINDIF complex’ was isolated and crystallographically charac-
terized upon changing the Ni synthon from (dadt®)Ni to
(bme-dame)Ni (bme-dame = N,N'-dimethyl-N,N"-bis(2-mer-
capto-ethyl)-ethylenediamine) during reaction with [Ni(NO)
(C1)(PPh3),]. The XRD structure of this complex is given in the
ESI (Fig. S9 and S107) and the corresponding mass spectrum
is in Fig. S11 and S12.f

In order to remove the metal-bound chloride as well as to
see if the structural platform can be expanded from complex 1,
reaction with a stoichiometric amount of NaN; was performed
in methanol. Consistent with Feltman’s reports, the [Ni(NO)
(C1)(PPh;),] reacts with NaN; to form [Ni(NO)(N;)(PPh;),]."”
The FTIR spectrum of the reaction mixture shows absorption
bands at ca. 2045 and 1757 cm™ ", Fig. S13.1 While no shift was
observed in the »(NO) IR band at 1757 cm™", the appearance of
the new absorbance at 2045 cm™" is taken as convincing evi-
dence of the presence of a metal-bound azide (N;7) in the
complex. Removal of methanol and applying crystallization
conditions, CH;CN/Et,O, yielded dark greenish-brown
coloured needles of complex 2 in 70% yield, Scheme 1c. The
solid state IR spectrum of this complex shows v(NO) and v(N3)
at ca. 1733 em™" and 2035 cm™" (Fig. S141). Complex 2 can
alternatively be obtained upon reaction of (dadt®)Ni with [Ni
(NO)(N3)(PPh3),] and it can be isolated as crystals from DMF/

This journal is © The Royal Society of Chemistry 2025

Et,O solution. X-ray diffraction analysis of the crystals
obtained via both routes shows a one-dimensional coordi-
nation polymer chain. Detailed crystallographic description of
this complex is given below. Once the complex crystalizes as a
coordination polymer it becomes insoluble in almost all
organic solvents (marginally in DMF). Note: we refer to this
product as complex 2 throughout, although it is a coordination
polymer.

XRD characterization

The molecular structures of complexes 1, [(dadt®)Ni-Ni(NO)
Cl], and 2, [(dadt®)Ni- Ni(NO)(N,)], are shown in Fig. 2 as 50%
probability thermal ellipsoid plots; selected metric parameters
are tabulated in Table S2.f Complexes 1 and 2 crystalize in the
monoclinic P2;/c and P2; space groups respectively. The
NiN,S, portion of complex 1, Nil, is slightly distorted from
square planar geometry with 7, = 0.13. The second Ni center,
Ni2, retains a distorted tetrahedral geometry with z, = 0.83.
The NO molecule bound to Ni2 is almost linear, £Ni2-N3-01
= 175.40°, i.e., an increase in the «Ni-N-O bond angle from
152.17° (for monomeric [Ni(NO)(CI)(PPh;),]) is observed upon
displacement of the PPh; groups by NiN,S,. A slight increase
in the Ni-Cl bond length is also observed (from 2.27 A in the
Ni precursor to 2.31 A in complex 1) upon coordination with
the metallodithiolate ligand. The distance between the Ni
centers in complex 1 is 2.778 A. Based on the sum of the
covalent atomic radii of Ni, this Ni-Ni' distance is beyond
bonding. Crystal packing diagrams of this complex along three
crystallographic axes are shown in Fig. S8, and an expanded
listing of pertinent metric data is provided in Table S2.}
Complex 2 crystalizes in the monoclinic P2, space group. It
can be crystalized from different solvents such as CH;CN,

Dalton Trans., 2025, 54, 4927-4934 | 4929
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Fig. 2 Molecular structures of (a) complex 1 [Ni(dadt®?)Ni(NO)(Cl)] and (b) complex 2 [Ni(dadt®?)Ni(NO)(Ns)] (asymmetric unit only is shown)
showing 50% probability thermal ellipsoids. H-atoms are omitted for clarity. (c) The 1-D polymeric chain of 2.

MeOH as well as DMF. The following discussion refers to the
crystals obtained from CH;CN/Et,O. X-ray crystallographic ana-
lysis of this complex reveals a one-dimensional coordination
polymer structure containing repeating [(dadt®*)Ni-Ni(NO)(N;)]
units, Fig. 2¢c. The unit cell of this species contains two asym-
metric units, shown in Figs. S17 and S18.}

The nickel center inside the N,S, pocket in complex 2 is, as
was found for complex 1, in a slightly distorted square planar
geometry with 7, = 0.18; the displacement of the nickel from
the mean N,S plane (the plane created by N1N2S2) is 0.015 A.
The other Ni center, Ni2 of the {Ni(NO)(N3)} unit, adopts a dis-
torted tetrahedral geometry with 7z, = 0.84; it is coordinated by
S atoms of two distinct metallodithiolate ligands, as well as an
NO and an azide, N5~

The «Ni1-S1-Ni2 angle in the CP 2 is 102.75°, in contrast
to 76.10° in case of the dinickel complex 1. Upon coordination
of the azide unit the metal nitrosyl («M-N-O) became signifi-
cantly bent from 175° (seen for complex 1) to 161° (£Ni2-N3-
01 = 161.22° for 2). A closer look on the structure of 2 suggests
that the oxygen atom of NO molecule is within hydrogen
bonding distance (2.5-2.6 A) from the aliphatic and aromatic
protons, Fig. 3d. The distance between the nickel centers
increases substantially from 2.77 A for complex 1, to 3.379 A
and 3.670 A for the coordination polymer 2.

We examined the crystal packing of this complex for weak
interactions that might assist in stabilizing this polymeric
structure. As shown in Fig. 3a, the distance between the nickel
centers in two adjacent layers is 12.175 A (viewed along c-axis).
The ‘zoomed-in’ view of the molecular structure shows that the
azide group is oriented to indicate hydrogen-bonding inter-
actions with phenyl hydrogens; four contacts are within dis-
tances of 2.7-3.1 A, Fig. 3c.

4930 | Dalton Trans., 2025, 54, 4927-4934

There appears to be no stabilization by n—r stacking inter-
actions between the aromatic rings'® of the adjacent layers;
instead, they are at an angle of ca. 77°, Fig. S19.1 The arene
planes in the same layer are separated by ca. 6.5 to 6.7 A,
Fig. S20.7 In order to evaluate the weak interactions present in
the coordination polymer, non-covalent interaction (NCI) ana-
lyses were performed on the unit cell of 2, see the
Computational section below.

The solid-state structures of 2 obtained from different sol-
vents (CH3CN, MeOH and DMF) find almost identical metric
parameters, except for slight differences in the Ni1-Ni2 dis-
tances and «Ni2-N3-O1 angles, Fig. S22.f The Hirshfeld
surface analysis of the crystals obtained from different solvents
as well as that of complex 1 are given in the ESI (Fig. S37-407).

Crystallization from coordinating solvents like MeCN or
DMF shows the presence of solvent molecules (CH;CN/DMF)
inside the cavities created by stacking of multiple layers side
by side, Fig. S22 and S267 (viewed along b-axis).

Bulk purity and thermal stability

To reveal the phase purity of the coordination polymer
(complex 2), a PXRD study was carried out on powdered
samples within the 260 range of 5°-40°, Fig. S31.f All signifi-
cant peaks of the as-isolated powdered complex 2 were noted
to be well-matched with the simulated pattern. The PXRD
study along with elemental analysis of the coordination
polymer confirms its bulk purity and crystallinity.

The coordination polymer is found to be stable under
ambient conditions for weeks without any loss of NO or azide.
Thermogravimetric analysis experiments on crystalline
samples of 1 and 2 under N, environment (Fig. S32+) indicated
that complex 1 is stable up to 150 °C, followed by complete

This journal is © The Royal Society of Chemistry 2025
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Interaction with Nitrosyl

(a) Three layers of complex 2 viewed along c-axis. The distance between the Ni centers in two layers is 12.175 A. (b) Three layers of complex

2 viewed along b-axis. (c) Zoomed in view of the interaction between the azide group and the aliphatic and aromatic hydrogens. (d) Zoomed in view
of the interaction between nitrosyl group and aliphatic and aromatic hydrogens.

structural disruption beyond 150 °C. Complex 2 shows only
6.6 wt% decay up to ca. 141 °C, which can be interpreted as
the loss of one mole MeCN per formula unit to yield the non-
solvated 2. Complete structural disruption of the coordination
polymer was observed after ca. 141 °C, similarly to complex 1.

Redox properties

While the coordination polymer 2 is largely insoluble in
CH;CN, its meager solubility in DMF permitted recording of
the cyclic voltammograms of complexes, 1 and 2 at 22 °C
under Ar atmosphere in DMF containing 0.1 M [n-Bu,N]|[PF]
(Fig. S33f). Cyclic voltammetry of complex 1 was also
attempted in MeCN, Fig. S35.1 All values were referenced to
internal Fc'/Fc at Ey, = 0.0 V and were recorded on sweeps
initiated in the cathodic direction.

Three reduction events were observed in the initial cathodic
sweep as shown, Fig. 4. The first irreversible reduction event at
ca. —1.55 V for both complexes is assigned to the {Ni(NO)}'%/

This journal is © The Royal Society of Chemistry 2025

{Ni(NO)}"* couple.™ A second irreversible redox event observed
at ca. —1.85 V in DMF is proposed to result from further
reduction of the first reduced species. The third reduction
event at ca. —2.30 V and its corresponding oxidation at —2.12 V
is assigned to the reduction of the Ni*" center (Ni** to Ni'")
housed within the N,S, ligand.

The lower solubility of the coordination polymer in DMF
may explain the reduced current intensity in the CV features.
Changes upon repeated scans of complex 2 are shown in
Fig. S34.1 Interestingly, both monomeric and polymeric com-
plexes show almost identical redox behaviour in the cyclic vol-
tammetry experiments which suggests the following: (a) the
coordination polymer slightly dissociates in solution to give a
monomeric complex similar to complex 1; or (b) the redox-
activity of the coordination polymer is similar to that of the
monomeric complex. The UV-vis spectra for the monomeric
complex as well as the coordination polymer (sparingly soluble
in DMF) (Fig. S367) shows very similar absorption bands and

Dalton Trans., 2025, 54, 4927-4934 | 4931
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Fig. 4 Cyclic voltammetry of complex 1 (red) and complex 2 (green) in
DMF containing a 0.1 M ["BuyN][PF¢] electrolyte and 2.0 mM complex at
room temperature. Note that complex 2 has poor solubility in DMF,
leading to reduced current intensity during the cyclic voltammetry
analysis.

supports the cyclic voltametric result interpreted as the partial
dissociation of the coordination polymer in DMF.

Computational section

DFT Calculations were performed for the complex 1 with the
TPSS*® and B3LYP?! functionals; the 6-31G(d,p) basis set*> was
used for C, H, N, O, S and Cl atoms whereas LANL2DZ basis
set?® was used for Ni atoms. The crystal structure of the
complex was imported to use as the starting coordinates for
the geometry optimization and subsequent vibrational fre-
quency and energy calculations. All species were confirmed to
be minimum energy structures by the absence of any imagin-
ary frequencies. Experimentally, the known [Ni(NO)(L;)] com-
plexes have been shown to have a diamagnetic ground state,
which are best described as open-shell singlets (OSS) with a
HS-Ni(u) center (S = 1) antiferromagnetically coupled to a
triplet state NO~ (S = 1) ligand.>* Antiferromagnetic coupling
for complex 1 was modelled in this manner with the B3LYP
functional, and gives an overall spin of Sy, = 0.73. Consistent
with experiment, the 'H NMR spectrum of this complex
showed broad signals at room temperature (Fig. S67T). As
expected, the single determinant wavefunction contains Mg = 0
components from S > 0 spin states. This optimized BS open-
shell singlet state is found to be —7.59 kcal mol™" more stable
than the corresponding closed-shell singlet structure. As
shown by the wavefunction’s spin density in Fig. 5, the
majority of the spin is on Ni(u) and the NO™ with spin popu-
lations of +1.01 and —1.16, respectively.

Interestingly, attempts to optimize the geometry of complex
1 as an open-shell singlet state with the TPSS functional con-
verged to the closed-shell singlet state (Siota1 = 0). The calcu-
lated structure for both methods are in accord with the experi-
mental crystal structure shown in Fig. S40 and Table S4.f

4932 | Dalton Trans., 2025, 54, 4927-4934
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Fig. 5 Spin density plot for optimized BS-singlet structure of complex 1.

Parallel calculations for the monomeric form of azide,
found as it exists in complex 1, as an OSS in B3LYP and as CSS
in the TPSS (Table S4t), shows accumulation of electron
density on NO which leads to decrease in the Ni-N-O bond
angle. The 7, value for the Ni2 center decreases from the
typical tetrahedral value toward the square planar value as
shown in Table S4.f Apparently, these structural changes
destabilize the monomeric form of the Ni(N,S,)-Ni(NO)(N3).
Experimentally, the Ni-N-O bond is found to be more bent in
the polymeric complex 2 than that of monomeric complex 1;
nevertheless, the polymer has maintained the strong tetra-
hedral character of the complex 1 (see Table S27).
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Fig. 6 (a) NCI index on the unit cell of complex 2 using iso surface
value of 0.5 au and the color scale is —0.05 < p < 0.05 au. CH-= inter-
actions are shown with arrow and the red circle indicates the CH-N-
interaction. (b) Reduced density gradient plot shows prominent attrac-
tive interactions in complex 2.
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Notably, the Ni-S bond distances are shorter in the poly-
meric complex than the monomeric complex. We assume this
result may contribute to the stabilization of the polymer. In
order to examine the non-covalent interactions (NCI) in the
coordination polymer, 2, the ground-state geometry of the
assemblies found in the solid state was used to evaluate the
attractive/repulsive character of the interactions by using
Multiwfn to generate NCI Plots.>>?® The Visual Molecular
Dynamics (VMD) program was used to visualize the prominent
interactions present in the molecule.”” This methodology has
been used for coordination polymers to estimate the contri-
butions of a variety of interactions in the solid-state including
hydrogen bonding, n-r stacking and other weak van der Waals
interactions.?®

Since complex 2 is a coordination polymer, for investi-
gations of limited views of units within the CP we terminated
the S end with BH; and the Ni end with NH;. We performed a
single point calculation on two asymmetric units of this “mole-
cule” (two layers) which are adjacent to each other. The NCI
plot of this construction indicates a prominent CH-n inter-
action between the aromatic ring of one layer with the aro-
matic protons of the adjacent layer, Fig. 6. Hydrogen bonding
and weak van der Waals interactions as indicated by the green
iso-surface, are also observed between the azide group and the
aliphatic and aromatic hydrogens (Fig. 6, red circle). The non-
covalent interactions (NCI) coupled with strengthening of the
Ni-S bonds help to stabilize the azide complex as a coordi-
nation polymer.

Conclusion

This synthetic approach to a coordination polymer took advan-
tage of the properties of two synthons:

(a) The templating ability of the cis-dithiolates in a
Ni"(N,S,) complex that leads to the assembly of two strong
electrophile/sulfur interactions transoid to each other, linking
the Ni" with a second nickel imbedded within a polarizable
and electroactive {Ni(NO)}*® unit.

(b) The nitrosylated nickel source, with 10 electrons in its
“golden” outer orbitals, is responsive to its ligand field. Its
ability to electronically deform towards Ni"(NO)~ is witnessed
by shifts in crystallographic parameters. The application of
Enemark-Feltham description for the overall electron count
accounts for the oxidation state shifts within Ni(NO)', ie.,
[Ni°(NO)'] < [Ni'(NO)] < [Ni"(NO)7], and for the sensitive
requirement of the bidentate binding ability of NiN,S, towards
a single metal site, vs. its use as a bidentate bridging ligand
that spans coordination sites of two metals.

This electronic deformation or polarization within the delo-
calized [Ni(NO)]" unit, ie., Ni(NO)", accommodates the alter-
nating assembly of Ni---Ni’ in the coordination polymer. While
the primary Ni-S-Ni’ bonds in the polymer chains are strong,
weak intermolecular interactions, identified in NCI plots, add
to the stability of the polymer structure. The role of the substitu-
ents on the N,S, framework must be considered in this regard.

This journal is © The Royal Society of Chemistry 2025
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The potential of cis-dithiolates, particularly of nickel, for
the assembly of heterobimetallic biomimetics and of catalysts
is well developed.'®> However, to our knowledge this report is
the first to explore and identify a route to coordination poly-
mers based on this background. Given that libraries of MN,S,
exist, there is potential for extensive development to expand
the range of S-based coordination polymers and design of
materials from their condensation.
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