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In this article, we describe the synthesis and characterization of a family of copper, nickel and palladium
complexes bound by bidentate ligands derived from ortho-phenylenediamine that contain tunable H-bond do-
nors. The crystal structures of the reduced dianionic metal complexes (formulated as [MY(1.2),]%) depict

;?fk’; eir intramolecular H-bonding interaction between the two ligand scaffolds. Variations on the primary (Cu, Ni, Pd),
Palladium secondary (H-bonding donor) and tertiary coordination sphere (solvent of crystallization and countercation), led

to the isolation of the metal complexes in square-planar (SP) and/or twisted pseudo-tetrahedral geometry (TW).
A detailed structural analysis of the complexes in the solid state revealed that the intramolecular H-bonding
interactions can be altered by disrupting the bonds between the countercation, solvent of crystallization and the
ligand scaffold, which leads to changes in the geometry of the complexes (SP or TW). DFT calculations are in
agreement with our experimental observations, in which the Cu complexes were found to favor twisted geom-

Single crystal X-ray diffraction analysis

etries while the Ni and Pd complexes favored square-planar geometries.

1. Introduction

The structure, spectroscopy and reactivity of metal complexes are
usually tuned by varying the primary coordination sphere, including the
metal (i.e. different metals in different oxidation states) and the ligand
identity (e.g. N, O or S donors; chelating ligands; etc.) [1-3]. Inspired by
the active center of metalloenzymes, several research labs have devel-
oped ligand scaffolds capable of tuning the structural properties and
reactivity of metal complexes by modifying their secondary coordina-
tion sphere [4-9]. One of the most common strategies is the utilization
of H-bonding donors, which allows for stabilizing and characterizing
metastable metal-superoxo [10], metal-hydroxperoxo [11], metal-oxo
[12] and metal-hydroxo [13] species. Inspired by the seminal work of
Borovik and coworkers [14,15], we have recently reported a family of
metal complexes bearing bidentate ligands with tunable ureanyl H-

bonding donors (Fig. 1A) [16-18]. Single crystal X-ray diffraction
analysis (SC-XRD) revealed that in the solid state, these metal complexes
adopt square-planar (SP), twisted pseudo-tetrahedral (TW) or tetrahe-
dral (TD) coordination depending on the metal utilized (Co™, Ni't, cu®
zn'), bidentate backbone ligand (ethylenediamine vs. o-phenylenedi-
amine), H-bond donor strength (ureanyl substituents), and solvent of
crystallization (DMF or DMA, see Fig. 1B). We hypothesized that the
changes in geometry were driven by the formation of multicenter
intramolecular H-bonding interactions, which transmit modifications at
the “tertiary” coordination sphere to the secondary and primary spheres
(Fig. 1A). From the analysis of the structure of 22 metal complexes, we
observed general trends that allow for predicting the geometry of the
metal complexes. Square-planar geometries are favored with Cul and
Nil as metals with o-phenylenediamine systems using DMF as solvent of
crystallization. Twisted pseudo-tetrahedral geometry (twisted, TW) is

Abbreviations: DMF, Dimethylformamide; DMA, Dimethylacetamide; EPR, Electron paramagnetic resonance; NMR, Nuclear magnetic resonance; SC-XRD, Single-
crystal X-ray diffraction; UV-vis, Ultra-violet visible; DFT, Density-functional theory; SP, Square-planar; TW, Twisted pseudo-tetrahedral; TD, Tetrahedral; arw, twist

angle.
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A. Metal complexes of bidentate ligands with tunable H-bonds.
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Fig. 1. (A) Primary, secondary and tertiary coordination sphere of metal
complexes derived from bidentate ligands with tunable H-bond donors. (B)
Intramolecular H-bonding interactions in square-planar (SP), twisted pseudo-
tetrahedral (TW) and tetrahedral (TW) geometry.

observed for Cu" complexes when DMA is used as solvent of crystalli-
zation and tetrahedral geometry (TD) is favored with Co" and 7Zn'".

Of course, some interesting exceptions to these general trends
were also found. We were particularly puzzled with the change in
geometry for the Cu'' complexes derived from the ligands PhPhy b,
and 2’6')(2’1)hPhLH2 (X: Me, Cl, F) (Fig. 2). PhPhCuHH/DMF) (see Fig. 2
for naming of complexes) adopted a square-planar geometry in DMF
while crystallization in DMA produced the corresponding twisted
compound, PhPhCuH(_,r/DMA). Slight variations on the substituents of
the ureanyl H-bond donor (2,6-substitution of the Ph group) led to SP
> 6—Me2—PhPhCu( +/pMp) or TW geometries (262 PhPhCu(K+/DMF)

and %6-C12- PhPhCu(K+/DMF)) In this research article, we aim to
determme if changes in the ureanyl group can also dictate the ge-
ometry of complexes for metal ions that are prone to favor square-
planar structures such as Ni'l and pd" (d8). We will also study if
changes in the primary (Cu, Ni and Pd), secondary (ureanyl sub-
stituents) and tertiary coordination sphere (cation and solvent of

\_ 7
PAPALH, (X: H)

YN H HN\( 2,6-Me2-PhPh| 1. (x: Me)

N H 2,6-F2-PhPhLH2 (X: F)
2,6-CI2-PhPhLH2 (X: Cl)

X X
Geometry
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[Cu''(26-C2-PhPhL 2, 1(K),(DMF)g 26-C2PhPhCyl o ™w

Use of d® metals (Ni", Pd"): Do they follow similar trends?
Can we control the geometry by changing the cation and/or the solvent?

Fig. 2. Ligand scaffolds and copper complexes previously reported, and sum-
mary of the studies described in this article.
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crystallization) can also affect the geometry of these compounds in
solid state.

2. Results and discussion

2.1. Synthesis and structural characterization of Ni and Pd complexes
using K* as cation and DMF as solvent (ligand effect on the geometry)

Following our previous work, we prepared Ni and Pd complexes
derived from PhPhLHz and 2’6'X2'PhPhLH2 in DMF (Fig. 3). These were
obtained via deprotonation of the ligand scaffold with 2 equiv of KH
followed by addition of 0.5 equiv of the metal(Il) source (see Supporting
Information, S.I., for further details on synthesis and characterization of
metal complexes). The metal complexes were recrystallized using DMF/
Et,0 (by layering Et;0 or vapor diffusion) and their molecular structure
was determined by SC-XRD (see Fig. 4). Like in the Cu complexes, the
geometry of the Ni complexes was dictated by the ligand scaffold. SP
geometry was observed for PhPh N1(K+/DMF) and 26-Me2-PhPh N1(K+/DMF)
(pale yellow crystals), and TW geometry for the 26-F2PhPh Nitk 4 /pmr) and
2,6-C12-PhPh N1(K+/DMF) systems (intense red crystals). Conversely, the
geometry of the Pd" complexes was exclusively determined by the metal
ion, with all of the ligands producing square-planar structures (all pale
yellow crystals).

SC-XRD analysis of the complexes allowed interrogating the effect of
the metal ion on the intramolecular H-bonding interactions. The square-
planar complex PhPhCuH(Jr/DMF) showed longer M:---Na than the Nill
analogue, due to the addition of one electron in the antibonding
M—dyo_y2 molecular orbital from d® (Ni') to d° (cu'™).2 As expected, the
increased atomic radius of Pd" led also to longer M---Na for *"PPpdfk, ,
pmr) When compared to PhPhNiH(HDMF), The square-planar Ni com-
plexes depicted slightly shorter intramolecular No---Ho’ distances and

2 equiv. KH 0.5 equiv. M"(X),

LH, ———— = [L2](K [M'(L%),](K)2(DMF)
2 “DMF -2y [L1(K)2 KX 21(K)2 n
Geometry
[Cu'(PPPPLZ))(K)o(DMF), PPPRCU" ,ome) sP
[Cu|I(2.6-!\/\92—PhPh|_2-)2](K)Z(DMF)2 Z,G-MeZ-PhPhcuII(K+/DMF) SP
[CulI(2,6-F2-PhPh|_2-)2](K)2(DMF)5 Z,S-FZ-PhPhcuII(K+/DMF) W
[CUII(2,S-CI2-PhPh|_2-)2](K)Z(DMF)s 2,6-CI2-PhPhcuII(KWMF) TwW
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Fig. 3. Synthesis, naming and geometry of the metal complexes obtained in
DMF with K* as countercations. See S.I. for further details.
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2,6-F2-PhPhCuII 2,6-CI2-PhPhcuII
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oy =0°
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PhPh\l 2,6-Me2-PhPhjll
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2,6-F2-PhPh;ll

oqw=52.7 - 57.6° oy =58.0°
ANg-Ho)= 213 -2.34 A
di-g)= 2.56 - 2.64 A d-Ha
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Fig. 4. SC-XRD analysis of the Cu, Ni and Pd complexes crystallized in DMF and containing K* as countercations. Note: the K" countercations, some of the H atoms
and the solvent molecules were not depicted for clarity. Displacement ellipsoids are depicted at 50 % probability level for the M (M = Cu, Ni and Pd), the four

coordinated N atoms and the X = Me, F, Cl. See S.I. for further details.

M---Ha’ distances than the Cu and Pd analogues.

As we have previously shown, the twisted Cu and Ni complexes led to
longer Na---Ha’ distances and short M---Ha’ distances when compared
with the square-planar analogues [17]. The twisted Ni complexes were

found to adopt geometries with higher twist angles than the Cu ana-
logues, which led to shorter M---Ha’ distances and longer Na---Ho’
distances.
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The fact that all of the Pd complexes adopted square-planar confor-
mation permitted analyzing the effect of the 2,6-substitution on the
geometric parameters. To our surprise, similar M---Ha’ distances and
No---Ha’ distances were found for all four complexes with the only
exception of Z’G'Mez'PhPthg(_,_/DMF), which depicted longer intra-
molecular H-bonding distances.

2.2. Synthesis and structural characterization of Cu, Ni and Pd complexes
using K* as cation and DMA as solvent

We have previously found that the SC-XRD structure of
[CuH(PhPhLZ')Z] (K)2 was square-planar when crystallized in DMF
(PhPhCugH ,omr)) and twisted pseudo-tetrahedral in DMA (PhPhCugH /
pma)) [16]. The color of the cu! complexes in different geometries is also
revealing, being SP pale orange and TW intense purple, which allow
assessing their structure with the naked eye (Fig. 4). The Ni and pd"
complexes derived from P""LH, were also synthesized using DMA, and

A. Disruption of K*/DMF/ligand interactions with DMA

PRPhCU ., oME)

SP: K*/DMF bridging between
O-atoms of the same ligand and
O-atoms of ligands of different complexes

TW: K*/DMF bridging only between
O-atoms of ligands of different complexes

C. Summary of the disruption of K*¥/DMF/ligand interactions

Cu complexes

With K*/DMF, SP or TW depend on ligand

DMA instead of DMF
Disruption or
NR,* instead of K*

TW always favored

Ni complexes

With K*/DMF, SP or TW depend on ligand

DMA instead of DMF
Disruption
NR,* instead of K*

Unpredictable (other packing interactions)
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we found that in both cases the complexes adopted SP geometries
(PhPhNiH(Jr/DMA) and PhPthH(Jr/DMA)). Like in the Cu complexes, the
color of the Ni and Pd complexes also depends on the geometry, with the
square-planar Ni'' and Pd" systems pale yellow and the twisted Nill
systems intense red (Fig. 4). The Cu complexes derived from 26-Me2-
PhPhy 2- 2,6-F2-PhPhy 2- 51 2,6-CI2-PhPhy 2 (yere also synthesized in DMA
and purple complexes were obtained (see Fig. 4). This is indicative of
formation of TW structures and follows the trend previously reported (i.
e. SP geometries are generally stabilized with DMF, TW geometries with
DMA). Not surprisingly, the synthesis of the Pd" complexes in DMA did
not lead to the formation of TW species due to the tendency of 4d®
metals to adopt SP geometries. However, changing solvent for the Ni'l
complexes led to unexpected findings. For example, 2’6'F2'PhPhNiH<+/
pmr) was crystallized as a TW complex, but 2’6'F2'PhPhNiH<+ /DMA) Was SP.
Interestingly, 2’6'CIZ'PhPhNiH<+ spma) produced a mixture of crystals with
two different colors (pale yellow and red), corresponding to the SP and
TW species.

PRPIC U, o)

TW: K*/DMA bridging only
between O-atoms of ligands
of different complexes

ni-t stacking interactions
between ligands of different
complexes

Pd complexes

With K*/DMF, always SP

DMA instead of DMF
or Disruption or
NR,* instead of K*

Always SP

Fig. 6. SC-XRD structures depicting the disruption of the intramolecular H-bonding interactions upon changing the solvent of crystallization (A) or upon changing
the counteraction of crystallization (B), and summary of the effect of disrupting intramolecular interactions for the Cu, Ni and Pd complexes. Displacement ellipsoids

are drawn at the 50% probability level for atoms / moieties of interest.
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We have previously analyzed the packing of the Cu complexes
crystallized with K* as countercation and DMF or DMA as solvents. We
found that in general, in the square-planar Cu complexes crystallized in
DMF (e.g. PhPhCu}}(+ /DMEF)> 2’6'Me2'PhPhCuH(+ ,pmr)) the K™ cations were
bound to two O atoms of the ureanyl substituents of the same ligand and
to O atoms of the ureanyl substituents of two different complexes. We
also showed that in the twisted Cu structures in DMF (e.g. 2®F%
PhPhCuHH. /pmF)) or DMA (e.g. PhPhCuH(+/DMA)), the K cations coordi-
nated only with one of the ureanyl substituents without acting as bridge
between ligands of different complexes. We hypothesized that the
disruption of the K/DMF/ureanyl interactions when DMA was used as
solvent (or when varying the ureanyl substituents) led to of the crys-
tallization of Cu complexes in TW geometry.

Herein, we found that the K'/DMF/ureanyl interactions for the
square-planar complexes PhPhNi{{(+/DMF), 2’6'M92'PhPhNi{{<+ /DMF)
PhPth}}(+/DMF) and 2’6'Me2'PhPthH<+/DMF) are analogous to the ones
found in PhPhCu{{(_,. /pmrF) (see Fig. 6A). The use of DMA also disrupted
the intra-ligand K*/ureanyl bonds but only led to twisted structures for
complex 2’6'FZ'PhPhNig(+/DMA), partially for 2’6'C12'PhPhNiH(+/DMF)
(mixture of SP/TW) while PhPhNiH(+/DMA) and PhPthH(_‘_/DMF)
remained square-planar.

2.3. Synthesis and structural characterization of Cu, Ni and Pd complexes
using tetraalkylammonium cations and DMF as solvent

To further disrupt the interactions between the K", solvent and
bidentate ligands, we synthesized the metal complexes using tetralky-
lammonium salts as countercations (NMej4 and NEt}). As we hypothe-
sized, replacing K* for NR] cations also led to changes in the geometry
of the complexes (Fig. 5). For example, PhPhCuH\IEt4+’DMF) was crystal-
lized as a purple complex with TW geometry, suggesting that the pres-
ence of K" and DMF are critical for crystallizing PhPhCu}{(+,DMF) in the SP

A. Synthesis of complexes in DMA with K* as cation.

2 equiv. KH : 0.5 equiv. M"(X)
LH, — 2 [L2(K), :

Iy 2-
OMA L2 KX IMA(L)21(K)2(DMA),

B. Synthesis of complexes in DMF and tetraalkylammonium ions as cations.

0.5 equiv. M"(X),

2 equiv. KH g 1 equiv. NR,CI g
L2)(K M'(L2),](NRy)o(DMF
LH, — 2y [L=1(K)2 *00 IMY(L%)2)(NR4)z(DMF),
2 KCl

C. Geometry of the complexes upon solvent and/or cation modification

K*/DMF K*/DMA NMe,*/DMF  NEt,*/DMF
PRPhCu SP (x-Ray) TW (x-Ray) TW (x-Ray) TW (x-Ray)
26Me2PhPhcyl  gp . o TW purpie) n.d. TW x.ay)
2EF2ZPOPACU!  TW (y Ray) TW (purple) n.d. TW (purple)
26CZPRPhCUl  TW (y Ray) TW (x-Ray) n.d. TW (ourple)
PrPaNil SP (x-Ray) SP (x-Ray) SP (x-Ray) SP (x-Ray)
26Me2PRPANGI  gp L SP yelow) n.d. TW req)
26F2PRPANGI Ty e SP (x-fiay) n.d. SP (x.ay)
2,6-Ci2-PhPhjll TW (x-Ray) SP/TW x-Ray)y  SP/TW getowsres SP/TW geiousrea)
FrPipd! SP (x-Ray) SP (x-Ray) SP (x-Ray) SP (x-Ray)
26Me2-PhPhpgll  SP s pay) SP (pale orange) n.d. SP (pale orange)
26-F2-PhPhpgll Dyn (x-Ray) SP (pale orange) n.d. SP (pale orange)
26CPRPhRAl Dy xRay) SP (pate orange) n.d. SP (pale orange)

Fig. 5. Synthesis of the metal complexes obtained in DMA with K* as coun-
tercation (A) or in DMF with tetraakylammonium cations (B), and geometry
that the complexes adopt under different crystallization conditions (C). See S.1.
for further details.
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geometry. Similar behavior was observed for the 2,6-Me2-PhPhey Il (.
plex: 2’6'Me2'PhPhCuH\1Et4+,DMF) was isolated in the TW geometry while
2,6—Me2-PhPhCug( +.pwp) in SP.

For PPPEN;! we observed that crystallization using NMej and NEt]
as cations did not lead to the formation of TW geometry (PhPhNi{{)MF/
K0 TN Mk 1, TPPNihmE/Nmea ) and PPINifhvr NEea 1) are all
SP). Conversely, we found that 2’6'F2'PhPhNiH\JEt4+/DMF) crystallized as
SP while 2’6_F2-PhPhNig(+/DMF) was TW. Like in 2’6-C12-PhPhNig(+/])MA),
we found that 2’6'C12'PhPhNiHm4+ ,pmr) also produced a mixture of SP
and TW complexes (yellow + red crystals). Closer inspection of the Ni
and Pd complexes derived from 26-F2-PhPhy 2- 5y q 2,6-CI2-PhPhy 2- peyegled
n-m interactions between ureanyl substituents of two different com-
plexes, which have not been previously observed for the Cu analogues
(see Fig. 6B).

In summary, we found that disrupting the K*/DMF/ligand in-
teractions in the Cu systems led to selective crystallization of the com-
plexes in TW geometry. Conversely, the Ni systems were less predictable
since other packing effects (e.g. n-n stacking) emerged upon disrupting
the K*/DMF/ligand interactions. For Pd, all of the structures obtained
were SP.

2.4. Intramolecular H-bonding interactions in solid state. Scattergrams

In one of our previous reports, we analyzed the intramolecular H-
bonding interactions of a series of metal complexes (1 Co, 1 Ni, 20 Cu
and 1 Zn complex) using the scattergram depicted in Fig. 7A.}7 We
showed that the length of the intramolecular N---Ha’ and M---Ho’ dis-
tances depended on the geometry of the metal complexes, with the SP
complexes depicting short N---Ha’ and long M---Ha’, and elongation of
the N---Ha’ and shortening of the M---Ha’ distances in the TW and TD
structures.

With the 22 crystal structures included in our previous publication
and the 21 structures reported herein, we built updated scattergrams
(see Fig. 7B-7F), which include a total of 43 complexes (see Table S43 in
the S.I. to find the average values of the various parameters used to build
the scattergrams). In the scattergram depicted in Fig. 7B, we observed
that the square-planar Ni complexes depicted shorter N---Ha’ distances
than the Cu and the Pd analogues. In comparison with the twisted Cu
complexes, the TW Ni complexes showed longer N---Ha’ distances
(similar to the pseudo-tetrahedral Zn and Co complexes).

The correlation between the intramolecular H-bonding distances and
the M---Na distances was analyzed using the scattergrams 7C and 7D.
Scattergram 7C depicts the non-correlation between the M---Na dis-
tances and the M---Ha’ distances. For example, the square-planar Pd and
Ni complexes showed similar M---Ha’ distances while having the
shortest (Ni) and the longest (Pd) M---Na distances of the series. Similar
conclusions can be drawn from scattergram 7D, in which the M---Na
distances did not correlate with the N---Ho’. An interesting aspect of
scattergrams 7C and 7D is the variations of the M---No bonds upon
modification of the metal and the geometry. For example, the square-
planar Ni complexes showed shorter M---Na distances than the twisted
Ni systems, in agreement with the d® electrons occupying metal-ligand
orbitals with bonding character for the SP and occupying metal-ligand
orbitals with non-bonding character for the TW. An opposite trend was
found for the Cu complexes in which shorter M---Na are observed for the
TW systems, in agreement with the occupation of metal-ligand anti-
bonding orbitals in SP d° compounds.

The correlation between the intramolecular H-bonding distances and
the twist angle (arw) was analyzed using the scattergrams 7E and 7F.
While no correlation between the twist angle and the M---Ha’ distance
was found (Fig. 7F), a clear linear correlation between the twist angle
and the N---Ho’ distances can be drawn (Fig. 7E), with the pseudo-
tetrahedral complexes having higher twist angles and longer N---Ho’
distances (ca. 90°, 2.6 A) than the TW Ni (ca. 65-75°, 2.5A) and the TW
Cu analogues (ca. 45-60°, 2.3 A).
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Fig. 7. Scattergram diagrams in which average M:--Na, M---Ha’, M---Na, twist angles ary are plotted against each other. Note: scattergram A was previously reported
by our research group and contained crystallographic data of 22 metal complexes (1 Co, 1 Ni, 19 Cu and 1 Zn complex). Scattergrams B-F contained the crystal-
lographic data of our previous publication (22 metal complexes) and the data included in this article (21 crystal structures).

PhPhCull PhPhNiII PhPthII

SP PhPhcuII T™W PhPhcuII SP PhPhNiII T™W PhPhNiII SP PhPthII ™ PhPthII

DFT (XRD) DFT (XRD) DFT (XRD) DFT (XRD) DFT (XRD) DFT (XRD)
d(NH,) (A)2 1.98 (2.15) 2.34 (2.30) 1.97 (2.08) 2.26 2.21(2.18) 2.20
d(M--H,) (A)2 2.57 (2.70) 2.42 (2.62) 2.55 (2.66) 2.34 2.55 (2.69) 2.50
d(M--Nay) (A)2 2.01 (1.99) 1.98 (1.96) 1.93 (1.92) 1.96 2.06 (2.04) 2.08
o (©) 0(0) 61.59 (56.03) 0(0) 72.40 0(0) 34.06
AE (TW - SP) (kcal/mol) - -0.64 - 6.1 - 14.22
<S2> (unpaired €) 0.75 (0.75) 0.75 (0.75) 0.00 (0.00) 2.00 0.00 (0.00) 0.00

Notes: 2Average distances.

Fig. 8. DFT calculations of the square-planar and twisted isomers for

PhPhCuII’ PhPhNiII and PhPthII

. Top: Enthalpic differences between the square-planar and

twisted isomers (TW-SP gap). Bottom: comparison between the geometric parameters for the square-planar and twisted isomers obtained by X-ray diffraction analysis

or obtained by DFT calculations. See S.I. for further details.
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2.5. DFT calculations on the structure of Cu, Ni and Pd complexes in SP
and TW geometry

Computations of the Cu, Ni and Pd complexes bound by PhPhy 2- and
2,6-X2-PhPhy 2- iy square-planar and twisted geometries were carried out
(see DFT structures of l)"PhCuH, l)hPhNiH, PhPhp 41l complexes in Fig. 8,
see also S.I.). Our calculations are in close agreement with the molecular
structure of the complexes obtained by XRD, depicting intramolecular
H-bonding interactions (N---Ha’ and M---Ha’). Like in the XRD data, the
computed M---Na distances varied depending on the metal (Cu, Ni, Pd)
and geometry (SP, TW), with the SP Ni complexes depicting the shortest
M---Na distances and increasing following the series SP Ni < TW Ni <
TW Cu < SP Cu < SP Pd. Our computations also predict that the intra-
molecular N---Ho’ distances are shorter for SP complexes and that cor-
responding TW compounds, and that the N---Ha’ distances increase with
the twist angle.

In terms of energy difference between the TW and SP isomers, the Cu
complexes depicted the smallest TW/SP gap, with the TW geometry
slightly lower favored (Fig. 8). The energy difference between the TW
and the SP isomers varied modestly within the series (between 0.6 and
1.7 kcal/mol), with PhPhc,, 1T having the smallest TW-SP gap (see S.I.).
Contrarywise, for the Ni complexes the SP geometry was lower in energy
than the TW. The energetic gap between the SP and TW did not depend
on the ligand scaffold (i.e. the P"PPNi" system had a similar TW-SP gap
than 26-X2PhPhy;Il systems, see S.1.). A similar behavior was observed
for the Pd" complexes, in which the SP isomers were more stable than
the TW isomers but with a higher TW-SP energetic gap (~10-15 kcal/
mol).

Overall, our calculations align with the experimental data obtained
in the solid state (XRD). For the Cu systems, the small energy difference
favoring the TW isomer agrees with the isolation of the Cu'’ complexes in
both geometries (most Cu complexes are isolated as TW). For Ni systems,
the increase of the TW-SP gap favoring the SP geometry is consistent
with most of the Ni complexes as SP compounds. For Pd, the big TW-SP
enthalpic gap agrees with the isolation of the Pd" compounds only in the
SP form.

3. Conclusions

In this research article, we synthesized a series of Cu, Ni and Pd
complexes bearing bidentate ligands with tunable H-bonding donors.
The structures of the metal complexes in the solid state were studied by
single crystal X-ray crystallography and we found that the intra-
molecular H-bonding interactions and the bonds between the counter-
cation, ligand scaffold and solvent of crystallization play a critical role in
favoring square-planar and/or twisted geometries. Our current research
efforts are focused on studying the structure of the complexes in
solution.
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