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Reaction of Ph3Bi[O(O)CCsHaN-3]2 (1) in CHCl3 and AgClOs in ethanol, in 1:1
molar ratio, afforded the isolation of colorless crystals of a coordination compound
which was proved to be [Ag(EtOH){Ph3Bi[O(O)CCsHsN-3]2}(ClO4)]-CHCI3
(2-CHCIls) by single-crystal X-ray diffraction. A 1D coordination polymer is formed
based on bridging triphenylbismuth(V) di(nicotinate) between silver atoms, with
trans Ag—N dative bonds [2.183(4), 2.196(5) A]. Additional Ag---O interactions are
established between the coinage metal atom and an ethanol molecule [2.58(3) A] as
well as a perchlorate anion [2.746(6) A], respectively. Its supramolecular
architecture, based on a variety of non-covalent interactions, i.e. O—H---O,
C—H:--O or C—H:--Cl hydrogen bonds, n---n , C-H---w, C—Cl-- 7 interactions, as
well as Ag---O and Ag:--Cl contacts, is discussed.
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INTRODUCTION
acids,’

ferrocenecarboxylic’ and 1,1'-ferrocenedicarboxylic
as well as a large variety of synthetic

A common, largely developed, strategy to obtain
discrete or polymeric heterometallic compounds is
the use of organic ligands with an appropriate
design with respect to the number, type, and
position of the connecting sites as linkers (building
blocks) between metal atoms. Organometallic
compounds with potential to behave as ligands for a
metal center through either a variety of non-covalent
bonds or strong dative bonds also represent an
option to be considered for a straightforward
pathway to heterometallic species, including both
discrete oligomeric derivatives and coordination
polymers.! Most common and quite extensively
used are the commercially available

proligands containing a ferrocenyl fragment which
can act either as anionic or neutral potential linkers.*
Examples of other organometallic compounds of
transition metals reported as linkers or
metallotectons for the synthesis of discrete
heteronuclear species or coordination polymers of
different  dimensionalities are  the  [(m*-
benzoquinone)Mn(CO);]” anion,” and the related
neutral species [(n*-dichalcogenobenzoquinone)
M(CsMes)] (M = Rh, Ir)% the square planar
complexes  containing  Cis- or  trans-(4-
PyC=C),Pt(PEt;), or related fragments,” or metal—
NHC (carbene) complexes.® By contrast, main
group organometallic compounds were only

* Corresponding author: cristian.silvestru@ubbcluj.ro; ciprian.rat@ubbcluj.ro
** Supplementary information on: https://www.icf.ro/rrch/ or https://revrouuum.lew.ro
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scarcely used to build heterometallic coordination
polymers. We have previously reported on
coordination polymers of different dimensionalities
based on bis(4-pyridyl)mercury(Il) as a linear
tecton, i.e. Cu(I),’ Mn(Il), Ni(Il) or Zn(IN)!°
complexes. Organotin(IV) compounds containing
the same 4-pyridyl group as part of an organic
ligand attached to the group 14 metal were used to
prepare discrete Pd(IT)/Sn(IV)'! and Zn(I)/Sn(IV)'?
heterometallic species.

Recently, we have used the triphenylbismuth(V)
derivatives of isonicotinic and nicotinic acids as
divergent organometalloligands to build silver(I)
coordination polymers and we observed a strong
influence of the nature of the counteranion (triflate,
nitrate or hexafluoroantimonate) on the supramolecular
architecture built in solid state through a variety of
non-covalent interactions (m---w, Ag:--Ag, Ag:--0).!

We report here on a new silver(I) coordination
polymer, i.e. [Ag(EtOH){Ph3;Bi[O(O)CCsH4N-3],}
(Cl04)]-CHCI; (2:CHCIs), which exhibits a complex
supramolecular architecture based on a variety of
non-covalent interactions as proved by single-
crystal X-ray diffraction.

Particular designed esters of isonicotinic and
nicotinic acids as those depicted in Chart 1, with
either flexible (A-D)" or quasi-rigid (E-G)"
skeletons, were used to prepare silver(I) complexes
and, depending on the nature of the ligand, anions
and solvents, discrete rings,'**®t1% cages!¥d as well

as coordination polymers of silver(I),!3bdefl4ce
were obtained. For many such silver(I) complexes
biological activity
reported.

13c-£,15 14a,b

or optical properties'“** were

RESULTS

The title compound was obtained when
solutions containing equimolar amounts of
Ph3;Bi[O(O)CCsH4N-3], (1) in CHCI3 and AgClO4
in ethanol (Scheme 1) were layered carefully to avoid
their mixing and then the system was left to stand
in dark, at room temperature. After several days
colorless crystals were isolated, analyzed by IR
spectroscopy and the formulation as [Ag(EtOH)
{Ph;Bi[O(O)CCsH4N-3]2}(ClO4)]-CHCI;  (2-CHCl:)
was confirmed by single crystal X-ray diffraction
studies. The IR spectrum of the title compound,
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recorded in KBr pellets, exhibits strong absorption
bands in the 1630-1550 and 1380-1340 cm™! regions,
due to stretching vibrations of the carboxyl groups.

Compound 2-CHCl; crystallizes in the
monoclinic space group P1 as a solvate with one

molecule of CHCIz in the asymmetric unit. A
molecule of ethanol, also used as solvent reaction,
was found to be included in the coordination sphere

AgClO, —EOH

1:1

Ph3Bi[O(0)CgH4N-3], CHCl,

1

of the silver atom through an Ag---O interaction.
This ethanol molecule is disordered over two
positions with s.o.f of 0.62(2) and 0.38(2),
respectively. The ORTEP-like representation of the
molecular structure of 2-CHCI; (as fragment of a
1D coordination polymer), with the atom numbering
scheme, is depicted in Fig. 1. Selected interatomic
distances and bond angles are listed in Table 1.

[AQ(EtOH ){Ph3BI[O(0)CgH4N-3],}(CI0,)]-CHCI,

(2:CHCl3)

Scheme 1 — Synthesis of [Ag(EtOH){Ph;Bi[O(0)CCsHaN-3]2}(Cl04)]-CHCl; (2-CHCl3)

Table 1
Selected interatomic distances (A) and angles (deg) for [Ag(EtOH){Ph3Bi[O(O)CCsHsN-3]2} (C104)]-CHCI3 (2-CHCl3).2

Bi(1)-C(13) 2.189(5)

Bi(1)-C(19) 2.211(5)

Bi(1)-C(25) 2.195(5)

Bi(1)-0(1) 2.269(3) Bi(1)-0(2) 2.269(4)
Bi(1)-O(3a)' 2.316(3) Bi(1)-O(4a)' 2.316(4)
Ag(1)-N(1) 2.196(5) Ag(1)-0(5) 2.746(6)
Ag(1)-N(2) 2.183(4) Ag(1)-0(9) [Ag(1)-0(9X)] 2.58(3) [2.60(5)]
C(1)-0(1) 1.291(7) C(7)-0(3) 1.285(6)
C(1)-0(2) 1.234(7) C(7)-0(4) 1.223(7)
C(31)-0(9) [C(31X)-0(9X)] 1.34(3) [1.35(5)]  O(9)-H(9) [0(9X)-H(9X)] 0.82[0.82]
CI(1)-0(5) 1.413(6) CI(1)-0O(7) 1.447(6)
CI(1)-0(6) 1.390(7) CI(1)-0(8) 1.392(6)
C(33)-CI(2) 1.737(8) C(33)-Cl(4) 1.751(7)
C(33)-CI(3) 1.698(7)

O(1)-Bi(1)-O(3a) 173.28(13)

O(1)-Bi(1)-C(13) 88.91(16) 0(3a)-Bi(1)-C(13)’ 94.40(16)
O(1)-Bi(1)-C(19) 86.89(16) 0(3a)-Bi(1)-C(19)’ 86.52(16)
O(1)-Bi(1)-C(25) 89.23(18) 0(3a)-Bi(1)-C(25)’ 91.30(18)
C(13)-Bi(1)-C(19) 108.1(2) C(19)-Bi(1)-C(25) 106.0(2)
C(13)-Bi(1)-C(25) 145.7(2)

N(1)-Ag(1)-N(2) 163.06(16)

N(1)-Ag(1)-0(5) 91.94(17) N(@2)-Ag(1)-0(5) 97.27(17)

N(1)-Ag(1)-0(9) [N(1)-Ag(1)-O(9X)]
O(5)-Ag(1)-0(9) [O(5)-Ag(1)-O(9X)]

92.8(6) [91.5(11)]
92.0(6) [81.3(10)]

N(2)-Ag(1)-0(9) [N(2)-Ag(1)-O0(9X)]

101.0(6) [103.9(11)]

0(1)-C(1)-0(2) 123.5(5) 0(3)-C(7)-0(4) 124.4(4)
0(5)-CI(1)-0(6) 109.8(4) 0(6)-CI(1)-0(7) 108.0(4)
0(5)-CI(1)-0(7) 108.4(3) 0(6)-CI(1)-O(8) 110.9(4)
0(5)-CI(1)-0(8) 110.7(4) 0(7)-CI(1)-O(8) 108.9(4)
Bi(1)-0(1)-C(1) 110.03) Bi(1)-O(3a)-C(7a)' 105.0(3)
Ag(1)-0(5)-CI(1) 113.53)

2 Symmetry equivalent atoms: (i) (X, y, 1+2z) are given by “a”.
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Fig. 1 — Thermal ellipsoid (probability 25%) representation of the molecular structure of 2-:CHCls. Hydrogen atoms bonded
to carbon atoms, except that of CHCl3 and EtOH molecules were omitted for clarity. Minor component of the disordered
ethanol molecule [atoms labelled with X, s.0.f 0.38(2)] has the transparency set to 0.62.

DISCUSSION

The IR spectrum for 2-:CHCls, i.e. the higher
values than 200 cm™ for the Av between observed
asymmetric and symmetric stretching vibrations of
the COO group, suggests a monodentate coordination
of the carboxylate ligand to the bismuth center.
However, intramolecular Bi---O=C contacts are
established in solid state as revealed by single-
crystal diffraction studies carried out on 2-CHClIs
(vide infra) as well as on both the free metalloligand
Ph;Bi[O(O)CCsHsN-3]> (1) and related silver(I)
coordination polymers.!

The crystal of 2:CHCI3 contains coordination
chain polymers built from triphenylbismuth(V)
di(nicotinate) molecules acting as divergent, ditopic
metalloligands between silver atoms, with N—Ag
dative bonds [Ag(1)-N(1) 2.196(5), Ag(1)-N(2)
2.183(4) A; cf. Zreo(Ag,N) 2.16 A,'® and Zryaw(Ag,N)
4.25 A'] in trans to each other [N(1)—Ag(1)-N(2)
163.06(16)°] (Fig. 1). In addition, each silver atom
establish rather strong Ag:---O interactions with
oxygen atoms from an ethanol molecule and a
perchlorate anion [Ag(1)-O(9) 2.58(3) A and
Ag(1)-0(5) 2.746(6) A, respectively; cf. Zre(Ag,0)
2.11 A,'® and Zr.aw(Ag,0) 4.09 A'"], both placed
almost orthogonal to an imaginary N—Ag—N axis,
with an O(5)---Ag(1)---O(9) bond angle of 92.0(6)°.
The overall coordination geometry of the resulted
AgN>O, core can be described as a distorted
pseudo-trigonal bipyramid (“see-saw’), as also
supported by the value of t-descriptor (0.68),'® and
the Continuous Shape Measures (CShM) calculations

which indicate a minimal distortion path difference
of 2.044 with respect to an ideal “see-saw” (SS-4)
coordination geometry.!® Additionally, much weaker
Ag(1)---O(7) [3.178(6) A] and Ag(1)---CI(7)
[3.263(2) A; cf. Zre(Ag,Cl) 2.47 A,'° and
Tr.aw(Ag,Cl) 4.41 A'7] interactions are also present.

Natural Bond Orbital (NBO) analysis of the
fragment [Ag{O(O)CCsH4N-3},(ClO4)(CHCI3)
(EtOH)]*" indicates hypercoordinate interactions
around the metal center. Donation takes place
mainly from NBOs with lone pair character of
nitrogen atoms of the nicotinate ligands in a lone
vacant orbital of silver (see Electronic Supplementary
information — ESI, Fig. S5). Second order
perturbation theory analysis of Fock matrix in NBO
basis reveals that the stabilization stemming from
N—Ag donation is 41.75 and 42.47 kcal/mol,
respectively. The electron donation from NBO
orbitals of EtOH, ClO4", or CHCI3 fragments to
silver corresponds to considerably lower energies,
which are less than 4 kcal/mol. Natural localized
molecular orbitals (NLMO) indicate as well that in
Ag—N bonds the largest contributions correspond
to the nitrogen atoms (see ESI, Fig. S6).

The Ag—N, Ag--O and Ag---Cl Atoms in
Molecules (AIM) bond topologies, the Non-Covalent
Interaction (NCI) and Interaction Region Indicator
(IRI) iso-surfaces and their plots Vs sign(l2)p
corresponding to [Ag{O(O)CCsH4N-3}2(ClOs)
(CHCI;)(EtOH)]*" fragment are presented in ESI,
Figs. S9 and S11-S14, respectively.

Quantum Theory of Atoms in Molecules (QTAIM)
descriptors of both Ag—N bonds as well as the
Ag---O interaction with the ethanol molecule are
similar (see ESI, Table S3). The small values of
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p(r) and the positive values of V?p(r) suggest the
interactions between the silver atom and the donor
atoms are closed shell interactions, aspect confirmed
also by the values of |V(r)[/G(r) ratio which are
< 1.2% Strong polar character of the bonds is also
indicated by the G(r)/p(r) ratio coupled to small
negative values for H(r). By contrast, the Ag:---O
interactions with the perchlorate anion, as well as
Ag:--Cl contacts have even smaller values for p(r)
and small positive V2p(r). Small positive values of
H(r), G(r)/p(r) ratio > 1 and 1 <]V(r)|/G(r) < 2 for
the later indicate more a dispersive nature of these
bonds.?*2! The Intrinsic Bond Strength Indexes
(IBSI) (see ESI, Table S1) reveal a slightly different
bonding picture around the metal,? indicating that
only Ag—N bonds are at the borderline to coordinate
bond whereas the Ag---O and Ag---Cl interactions
correspond to non-covalent interactions. However,
the IBSI values for Ag: - Octnanot and one Ag: - - Operchiorate
interactions are more than double the other two and
support thus the above selected coordination
geometry around the metal center. This observation
is consistent with iso-surfaces obtained with the
Reduced Density Gradient (RDG) method and
Interaction Region Indicator (IRI).%

The coordination geometry around the bismuth
atom of the metalloligand in 2-CHCI; is distorted
trigonal bipyramidal with the oxygen atoms
of the carboxylate groups in apical positions.
The O-Bi—O bond angle [O(1)-Bi(1)-O(3a)
173.28(13)°] as well as the Bi—O bond lengths
[Bi(1)-O(1) 2.269(3) A; Bi(1)-O(3a) 2.316(3) A]
in the polymeric chain of 2-:CHCI; are in the range
reported for the structures of related molecular
Ph3;Bi[O(O)CR], carboxylates included in Cambridge
Structure Database** [e.g. O—Bi—O angles from
167.0(1)° in Ph3Bi[O(O)CCsH3(OH)-2-Br-5],EtO,”
to 176.3(1)° in PhsBi[O(O)CCH(OH)Ph-(R)1]»;* Bi—O
bond lengths from 2.247(4) A in PhsBi[O(O)CCeH3Clo-
3,512,277 or 2.247(3) Ph3;Bi[O(O)CCsHs(OH)-2],,%®
to 2.386(6) A in PhsBi[O(O)CCsHsF,-2,3],*°] and
close to the wvalues reported by us for free
Ph3;Bi[O(O)CCsHsN-3], [O-Bi—O 172.32(11)%;
Bi-O 2.299(3), 2.303(3) A] and its silver(I)
complexes, i.e. [Ag{Ph;Bi[O(O)CCsHsN-3],}(OTH)]-
CH,Cl, [O-Bi—0O 172.7(3), 172.8(3)°; Bi—0O 2.278(7),
2.283(7); 2.274(7), 2.303(7) A, for the two
independent molecules in the crystal], [Ag{Phs;Bi
[O(O)CCsHaN-3]2}](SbFe)- CH2Cl [0O-Bi—O
173.8(2)°; Bi—0 2.306(5), 2.320(5) A], or [Ag{Ph;Bi
[O(0O)CCsH4N-3]2}(NO3)]-CH,Cl, [0O-Bi—-O
174.5(3)°; Bi—O 2.295(7), 2.314(7) A].' The
description of the coordination geometry around

the bismuth atom in 2-CHCIs as distorted trigonal
bipyramidal is consistent with CShM calculations
which indicate a minimal distortion path difference
of 1.274 with respect to an ideal trigonal bipyramid
(TBPY-5).2® However, by contrast, the value of
t-descriptor (0.46) indicates a geometry somewhat
closer to a square pyramid (SPY-5) than a TBPY-5.!

In addition, within a metalloligand unit in 2:CHCl3
the bismuth-oxygen distances [Bi(1)—O(2) 2.852(3)
A; Bi(1)-O(4a) 2.961(4) A] between the metal and
the doubly bonded oxygen atom of a carboxylate
group are similar to the analogous distances
[Bi---O(=C) 2.840(3), 2.860(4) A] in the free
molecule of PhsBi[O(O)CCsH4N-3],;! they are in
the range of the related distances reported for other
triphenylbismuth(V) dicarboxylates [e.g. Bi---O(=C)
distances from 2.653(5) in PhsBi[O(O)CCsHx(OMe)s-
3,4,5]," to 3.176(9) in Ph3Bi{O(O)CC¢Fs}2,*]
and well shorter then the sum of van der Waals
radii for the corresponding atoms [cf. Xreov(Bi,0)
2.14 A, and Zr,aw(Bi,0) 4.04 A!7].

Second order perturbation theory analysis of
Fock matrix in NBO basis indicates that in the
metalloligand the Bi—O bonds are based on donation
of electron density (largest contributions to the
stabilization energy are 76.91, 12.67, 65.63 and
11.59 kcal/mol) from NBO orbitals with lone pair
character on the oxygen atoms in an empty, with
mainly p character, orbital of bismuth (see ESI,
Fig. S7). This suggests a 4e-3c bonding pattern
between Ph;Bi fragment and the two nicotinate
ligands. Stabilization by donation from the electron
pairs of the oxygen atom of the C=O group in
empty orbitals of bismuth have considerably smaller
values (< 4 kcal/mol) than those corresponding to
Bi—O bonds. The large values of the oxygen atoms
contributions in Natural Localized Molecular Orbitals
(NLMOs) of Ph3;Bi[O(O)CCsH4N-3], indicate a
significant polarization of the Bi—O bonds (see ESI,
Fig. S8), in contrast to NLMOs of Bi—C bonds
which have comparable values in atomic contributions
of the atomic orbitals of the elements.

Bond topologies, the NCI and IRI iso-surfaces
and their plots Vs sign(4:)p corresponding to
metalloligand Phs;Bi[O(O)CCsHsN-3], are shown
in ESI, Fig. S10 and Figs. S15-S18. Surprisingly,
in the QTAIM framework, no bond critical points
(BCP) were obtained between the oxygen atoms of
the C=0O groups and the bismuth atom. The
descriptors of BCP of Bi—C and Bi—O bonds are
included in ESI, Table S6.

The values of the p(r), V?p(r) and negative
values of H(r) corresponding to Bi—C and Bi—O



132

Ahmad Ben Kiran et al.

bonds are consistent to those reported for typical
donor-acceptor, closed shell interactions found in
complexes.** However, only Bi—O have G(r)/p(r)
values close to 1, as reported for transition metal
complexes not also the Bi—C bonds.

In Ph3;Bi[O(O)CCsH4N-3],, although there is
missing a BCP, the IBSI of Bi---O(=C) interactions
have a small value (see ESI, Table S2), several orders
in magnitude less than Bi—C or Bi—O bonds, but in
the range of the values found for the non-covalent
interactions.?? This value is consistent with aspect of
the surfaces green areas of the surfaces located
between Bi and O(=C) atoms obtained using the
RDG method and interaction region indicator (IRI).?

In the coordination polymer 2-CHClIs, like in all
the other structures of Ph3;Bi[O(O)CR], species, the
largest C—Bi—C angle [C(13)-Bi(1)-C(25) 145.7(2)°]
of the metalloligand moiety encloses the polyhedron
edge that contains the doubly bonded oxygen atoms
of the carboxylate groups. This C—Bi—C bond angle
is in the range of analogous reported values for
other related structures [i.e. C—Bi—C from 133.5(1)°
Ph;Bi[O(O)CB oH1¢Cz-1,2-Me-2-closo],,* to 157.1(2)°
Ph;Bi[O(O)C-1-adamantyl];,**], and close to the
value reported for PhsBi[O(O)CCsH4N-3]1, [140.9(2)°].!
The torsion angle defined by the oxygen atoms of
the carboxylate groups [—4.3(2)°] indicates a syn-
periplanar conformation in the metalloligand unit.

The angle between the best planes of the
heterocycles from a metalloligand unit in the

062,

coordination polymer 2-CHCI3 is 10.0(2)°. The
nitrogen atoms are in position trans with respect
to the plane perpendicular on the heterocycles,
situation similar to that observed for the free
Ph3;Bi{O(O)CCsH4N-3}, and its previously reported
silver(I) complexes.! This arrangement affords the
triphenylbismuth(V) dicarboxylate to act as
exo-bidentate spacer in this coordination polymer,
with a N(1)---N(1a) distance of 12.664(7) A within
a metalloligand unit.

In the crystal of 2:CHCl; several different types
of intermolecular interactions at distances shorter
than the sum of the van der Waals radii of the
corresponding atoms are established between parallel
chains of the coordination polymers (Fig. 2). The
chain polymer with alternating silver(I) atoms and
organobismuth(V) metalloligands is supported by
additional C—H---O [C(33)-H(33)chioroform" - O(6)perchtorate
2.242(6) A and C(26)-H(26)pheny” - O(8)perchlorate
2.610(6) A; cf. the sum of the van der Waals radii
of the corresponding atoms, Zr.aw(O,H) 2.70 A!7]
and C-H---Cl [C(32)-H(32B)cthanol’ * *C1(2)chioroform
2.785(3) A; cf. the sum of the van der Waals radii
of the corresponding atoms, r.qw(CLH) 3.02 A'7] as
well as C—Cl- 1 (Pycenroid) interactions [C(33)—
Cl(z)chloroform' “*Pycentroid {C(g)'C(l 1),N(2),C(12)}
3.659(2) A, y = 2.9° (angle between the normal to
the pyridyl ring and the line defined by the CI atom
and Pycenoia] (Fig. 2).
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Fig. 2 — Fragment of 1D coordination polymer in the crystal of 2:CHCIls, showing all types of interchain interactions including those
established by perchlorate anions (i.e. Ag---O and C—H---O) and solvent molecules [i.e. Ag---O, O—H---O, C-H---O and C-H---Cl
for ethanol, and Ag:--Cl, C—H---Cl and CI---x for chloroform] as well as C—H- 7 and =& interactions
[symmetry equivalent atoms (X, y, 1+2), (-1+X, y, 1+2), (2—x, 1-y, 1-2), (1-X, -y, 1-2), (1-X, -y, -2), (1+X, Y, 2),

(2—x, 1-y, —=2) and (1-x, 1-y, 1-7) are given by “a”, “t”, “u”, “v”, “w”, “x”, “y” and “z”].

Layers are built from parallel chains connected
through C-H:---O interactions [C(16t)-H(16t)pneny1"
O(3)carboxylate 2.661(7) A] and bridging chloroform

solvent molecules [in addition to the above mentioned
interactions supporting the chain polymer, other
Ag(1x) --Cl(4)ehtoroform  3.263(2) A and C(12x)-—
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H(12X)pyriay*-*C1(4) 2.886(2) A interactions are
established with the neighboring chain polymer]
(see Figs. S2—S4, in the Electronic Supplementary
information — ESI). An extended 3D architecture is
built in the crystal of 2-:CHCIl; from parallel layers
connected by bridging ethanol molecules [involving
moderate hydrogen bonding, O(9)—H(9)ecthanol" "
O(2V)carboxylate 2.088(4) A, and weak C-H---O
interactions, C(31)—H(31B)cthanot* * - O(4W )carboxylate
2.640(4) A], chloroform molecules [C(9y)-
H(9Y)pyridyt”** C1(3)chioroform 2.881(3) A] and perchlorate

H(23t)pheny1” - - O(6)perchiorare 2.661(7) A,  C(4v)—
H(4V)pyridyl' ’ '0(8)perchlorate 2650(7) A] Additional
inter-layers C—H--*w (Phcenroia) interactions [C(10)—
H(10)pyridyi* - Pheentroia {H132-H18z} 2.832(1) A,
y = 3.8°% cf. H** Arcenoia contacts shorter than 3.1 A
and an angle y between the normal to the aromatic
ring and the line defined by the H atom and
Afcennoid smaller than 30°],% as well as 7t (PYeentroid) "
T (Pyceniroid) interactions between parallel rings
[PYecentoia { C(2)-C(5),N(1),C(6) - Pycenwoia{ C(2y)—
C(5y),N(1y),C(6y)} 3.634(1) A] are also present

anions [weak C-H---O interactions: C(23t)— (Fig. 3).
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Fig. 3 — Fragment of the 3D structure built through non-covalent interactions between coordination polymers in the crystal of

2-CHCIs [symmetry equivalent atoms (X, Y, 1+2), (2—X, 1-y, 2-z) and (2-X, 1-y, 1-Z) are given by

The normalized contact distance (0norm) mapped
on the Hirsfeld surface of 2-CHCIl; indicates that
most of distances shorter than sum of van der
Waals radii (represented with red) are consistent to
those previously described (see ESI, Figs. S19-—
S20).>” The 2D fingerprint plots of d. and d;
functions indicates that in the crystal architecture
(see ESI, Fig. S21) the most numerous
intermolecular close contracts correspond to H---H,
C--‘H, and O---H. The N---H , Ag---O, and Ag:--Cl
and other interatomic contacts contribute with less
than 10% to the Hirshfeld surface.

EXPERIMENTAL

The metalloligand Ph3;Bi[O(O)CCsHaN-3]> (1) was
prepared according to a literature procedure.! The infrared
spectrum was recorded as KBr pellets in the 4000-600 cm™!
range on a Bruker Vector 22 spectrometer. ESI mass spectra
were recorded on a Thermo Scientific Orbitrap XL
spectrometer equipped with standard source. Data analysis
and calculations of the theoretical isotopic patterns were
carried out with the Xcalibur software package.’

[T TIR L]

r”, “s” and “u”].

Synthesis of Ag(EtOH){Ph3sBi[O(O)CCsH4N-3/2}
(Cl04)]-CHCls (2-CHCls)

A solution of AgClO4 (10 mg, 48 mmol) in EtOH (5 ml)
in absence of light was layered on a solution of
Ph;Bi[O(O)CCsH4N-3]> (33 mg, 48 mmol) in CHCl3 (10 mL).
The reaction mixture was kept at room temperature and
colorless crystals of the title compound, suitable for single
crystal X-ray diffraction analysis, deposited after two weeks
and were collected by filtration. IR (KBr pellet, ¥, cm™): 3074
(vw), 2958 (s), 2924 (vs), 2852 (s), 1626 (s), 1597 (m)
[Vas(COO)], 1558 (w), 1469 (m), 1436 (m), 1373 (s), 1345 (vs)
[vs(COO)], 1315 (m), 1196 (w), 1149 (vw), 984 (w), 857 (w),
759 (m), 733 (s), 676 (m). MS (ESI+, MeCN): m/z 106.90
([Agl", 8), 147.93 (JAg + MeCN]*, 24), 188.96 ([Ag +
2MeCN]*, 10), 20898 ([Bi]", 34), 22994 ([Ag +
HO(O)CCsHaN-3]", 2), 270.96 ([Ag + HO(O)CCsHsN-3 +
MeCN]', 1), 286.02 ([PhBi]*, 4), 363.06 ([Ph:Bi]*, 10),
457.10 ([PhsBi + OHJ", 2), 471.12 ([PhsBi + OMe]*, 12),
517.14 ([Ph4Bi]", 100), 545.13 ([Ph4Bi + COJ*, 4). MS (ESI+,
MeOH): m/z 124.04 ([HO(O)CCsH4N-3 + H]", 4), 208.98
([Bi]*, 34), 286.02 ([PhBi]*, 26), 363.06 ([Ph2Bi]", 18), 457.10
([PhsBi + OH]J", 100), 471.12 ([PhsBi + OMe]*, 76), 499.11
([Bi+O(O)CMe]", 24), 517.14 ([Ph4Bi]*, 4), 562 ([PhsBi +
O(0O)CCsHaN-3]", 42). MS (ESI-, MeOH): m/z 98.95 ([C1O4]",
5), 122.03 ([O(O)CCsHaN-3]", 100), 267.04
([20(O)CCsHaN-3 + Na]~, 84). HRMS (ESI+, MeOH): m/z
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[PhsBi + O(O)CCsH4N-3]" caled for C24H19BiNO2,
562.12079; found, 562.12141.

Crystal structure determination

Crystallographic data for 2-CHCIs were collected at 200
K on a Rigaku Oxford-Diffraction Xcalibur E CCD
diffractometer, with graphite monocromator, using MoKa
radiation (0.71073 A). The structures were solved with
SHELXT 2015,% and refined with the SHELX-2018 using
Olex2 as graphical interface.*%4! All the non-hydrogen atoms
were treated anisotropically. Hydrogen atoms were included
in riding positions with the isotropic thermal parameters set
1.2 times the thermal parameters of the carbon atoms
directly attached for the aromatic hydrogen atoms and 1.5
times for the methyl and the hydroxyl group hydrogen
atoms, respectively. Further details on the data collection
and refinement methods can be found in Table 2. The

ethanol molecule coordinated to the silver atom is disordered
over two positions with s.o.f of 0.62(2) and 0.38(2),
respectively. The C—C bond length of the two components of
the disorder were restrained to be equal. Also, the Uj; were
restrained to be equal for oxygen and the carbon atoms in
each component of the disorder. The reflections with the hkl
indices 0 1 0 and 1 0 1, likely affected by the beam stop,
were omitted from the refinement. Continuous shape
measures (CShM's) of the coordination polyhedral were
calculated with the software SHAPE.*? The position of the
ring centroid and intra- and intermolecular interactions were
evaluated with PLATON software package.** The
representations of the molecular structure and those
describing the supramolecular architectures were carried out
using Diamond.** Analysis of the intermolecular interactions
was performed with CrystalExplorer.*> Van der Waals radii
used in the analysis were those reported by Alvarez.!”

Crystallographic data for [Ag(EtOH) {Ph3;Bi[O(O)CCsHaN-3]2}(Cl04)]-CHCI; (2-CHCl3)

Empirical formula
Formula weight
Crystal size /mm
Crystal habit
Wavelength MoKa (A)
Temperature (K)
Crystal system

Space group

a(A)
b (A)
c(d)
a (%)
B

o

v ()
Volume (A%)

z

Density (calculated) (g cm™)
Absorption coefficient i (MoKo) (mm™)
F(000)

0 range for data collections (°)
Tmax / Tmin

Reflections collected
Independent reflections, Rint
Miller indices, h, k, | (min/max)
Refinement method

Data / restraints / parameters

2
Goodness-of-fit on F
Final R indices [| > 2o(1)]

R indices (all data)

3
Largest diff. peak and hole, eA

C33H30AgBiClaN209
1057.24
0.15 x 0.20 x 0.25
clear light colorless prism
0.71073
200
triclinic

P1 (No.2)

8.8572(4)
13.5455(5)
15.5985(6)
85.564(3)
84.737(3)
84.668(3)
1851.02(13)
2
1.897
5.619
1024
1.93 - 25.03
0.987 / 1.000
15035
6543, 0.0432
~10/8, ~16/16, —18/17
2

Full-matrix least-squares on F
6543 /25 /481
1.037

R1=10.0364
WR2 = 0.0698
R1=10.0429
WR2 =0.0723

—-0.81,1.12

Theoretical calculations

Theoretical calculations were carried out on the molecular
structure fragments Ph3Bi[O(O)CCsHaN-3]2 and
[Ag{O(0O)CCsH4N-3}2(ClO4)(CHCI3)]>". For calculation

only the major component of the disordered ethanol
molecule was considered. The position of the hydrogen atoms
was optimized using ORCA 5.0.3 software package.*® The
coordinates of the non-hydrogen atoms were maintained those
found in the molecular structure determined by single-crystal
X-ray diffraction. Calculations were carried out using PBE
functional,*’ in conjunction with def2-TZVPP basis set,*® the
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corresponding auxiliary basis set for the RI approximation,*
and the atom-pairwise dispersion correction with the Becke-
Johnson damping scheme (D3BJ).>° For silver and bismuth the
28 and 46, respectively, core electrons were replaced with
ECPs.51:52

Single point calculations on the geometries obtained
with ORCA were carried out with Gaussian 09, Revision
E.01,%3 using the PBE functional,’ and the def2-TZVPP
basis set.*® The dispersion corrections were accounted for
using the D3 version of Grimme's dispersion with Becke-
Johnson damping.5%

The natural bond orbital analyses were carried out with
NBO 7.0.5,54 atoms in molecules with AIMAII 19.10.12,55
and NCI with Multiwfn 3.8, respectively.>

CONCLUSIONS

A new heterometallic silver(I) complex
was obtained by reacting AgClOs4 with
Ph;Bi[O(O)CCsH4N-3], in CHCls/ethanol solvent
mixture, i.e. [Ag(EtOH){Ph3;Bi[O(O)CCsH4N-3],}
(ClO4)]-CHCl;. The investigation of the solid state
structure by means of single-crystal X-ray diffraction
revealed the formation of a chain coordination
polymer in which Ag(I) cations are bridged by
divergent, ditopic organometalloligand moieties
through Ag—Nhicotinaie bonds. The coordination number
of the silver atom in the linear N—Ag—N core is
increased by additional Ag-*-Operchiorate a0d Ag* " *Octhanol
interactions. A 3D architecture is built in the crystal
of this heterometallic silver(I)/bismuth(V) complex
based on non-covalent O-H---O, C-H---O,
C-H---Cl, Ag---Cl as well as C—H--' (Phcentroid)
and 7 (Pycentroid)* T (PYcentroia) interactions.

Supplementary material. The CCDC reference number for
2:CHCI; is 2235286. The supplementary crystallographic data
can be obtained free of charge from The Cambridge
Crystallographic Data Centre via https:/www.ccdc.cam.ac.uk/
structures/.
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