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Preparation and Structure of NHC Hg(II) and Ag(I) Macrometallocycles

Qing-Xiang Liu,* Rui Liu, Yue Ding, Xiao-Jun Zhao, Zhi-Xiang Zhao, Wei Zhang

Tianjin Key Laboratory of Structure and Performance for Functional Molecules; Key
Laboratory of Inorganic-Organic Hybrid Functional Material Chemistry, Ministry of
Education; College of Chemistry, Tianjin Normal University, Tianjin 300387, China.

A series of functionalized bis-azolium salts, 1,8-bis[2’-(N-R-azoliumyl)ethoxy]-9,10-
anthraquinone hexafluorophosphate LIHZ-(PF6)2—L4H2-(PF6)2 (R = Et, CH,Ph and
CH,Py, azoliumyl = benzimidazoliumyl or imidazoliumyl), as well as their seven N-
heterocyclic carbene mercury(Il) and silver(I) complexes [(LzHgBr)z](HgBm) (1),
[L°Hg(Hgly)]> (2). [L'Hg(Hgls)] (3), [L*Hg(Hgls)] (4), [L'Ag](PFe) (5), [L*Ag](PFy)
(6) and [L4Ag](PF6) (7) have been prepared and characterized. In complexes 1 or 2,
two 16-membered macrometallocycles are connected together via two bridging halide
ions (two bridging bromide ions for 1, and two bridging iodide ions for 2). In
complexes 3-7, each molecule contains one 16-membered macrometallocycle formed
by one biscarbene ligand (L' for 3 and 5, L? for 6, L* for 4 and 7) and one metal ion
(Hg(Il) for 3 and 4, Ag(I) for 5-7). In crystal packings of 1-7, 2D supramolecular
layers and 3D supramolecular architectures are formed via intermolecular weak
interactions (such as the hydrogen bonds, n-n interactions and C-H---m contacts). In
addition, the fluorescence emission spectra of complexes and bis-azolium salts were

described. The cyclic voltammetry study for silver(I) complexes 5-7 were conducted.

Introduction
After the isolation of the first stable free N-heterocyclic carbene (NHC) by Arduengo

et al. in 1991, N-heterocyclic carbenes have received considerable attention in
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organometallic chemistry.” Because NHC ligands can be easily derived through
changing the substituents on imidazole rings, the various functionalized NHC ligands
can be provided for metal-organic materials. N-heterocyclic carbenes can coordinate
with most transition metal ions in the periodic table to form interesting metal

*3 and grooves.® The strong

complexes, such as macrocycles,” molecular rectangles
electron-donating ability of NHCs leads to high stability of their metal complexes
toward heat, moisture and air,” and these metal complexes have widely been applied
in catalytic field® and materials science.’

Among NHC metal complexes, the NHC silver(I) and mercury(Il) complexes
have played important roles in the development of carbene chemistry. NHC silver(I)
complexes can be used as carbene transfer reagents for synthesizing other NHC metal
complexes (such as Ni, Pd, Pt, Cu, Au, Rh, Ir and Ru).lo Besides, NHC silver(I)
complexes have also shown interesting biological activity as antimicrobial and
antimitochondrial agents.'" As the first known NHC metal complex, NHC mercury(Il)
complexes also attracted the attention of researchers owing to their various
coordination mode and interesting characteristics of structures.'?

We are interested in NHC metal complexes with fluorophore owing to their potential
application in fluorescent field." In this paper, we report the preparation of four bis-
azolium salts, 1,8-bis[2’-(N-R-azoliumyl)ethoxy]-9,10-anthraquinone
hexafluorophosphate L'H,*(PF¢),-L*H,(PFg); (R = Et, CH,Ph and CH,Py,
azoliumyl = benzimidazoliumyl or imidazoliumyl), as well as the preparation and
structure of their seven NHC mercury(IT) and silver(I) complexes [(L*HgBr),](HgBr,)
(1, [L'HgMglyl (), [L'HgHgl)] ()., [L'Hg(Hgl)] (4). [L'Agl(PFe) (5),
[L3Ag](PF6) (6) and [L4Ag](PF6) (7). Additionally, the fluorescence emission spectra

of the bis-azolium salts and complexes are described. The cyclic voltammetry study

for silver(I) complexes 5-7 were conducted.
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Results and discussion
Synthesis and characterization of precursors Lle-(PFG)z-L4H2-(PF6)2

As shown in Scheme 1, 1,8-dihydroxy-9,10-anthraquinone as a starting material
was treated by 1,2-dibromoethane to afford 1,8-bis(2’-bromoethoxy)-9,10-
anthraquinone, which is further reacted with N-R-azole (R = Et, CH,Ph or CH,Py,
azole = benzimidazole or imidazole) to afford bis-azolium salts Lle-(Br)z—
L*H,-(Br),, and subsequent anion exchange with ammonium hexafluorophosphate in
methanol was carried out to give 1,8-bis[2’-(N-R-azoliumyl)ethoxy]-9,10-
anthraquinone hexafluorophosphate Lle-(PF6)2—L4H2-(PF6)2. Precursors
L'H,(PFg),-L*H,(PF), are stable toward heat, air and moisture, soluble in organic
solvents such as DMSO, dichloromethane and acetonitrile, and scarcely soluble in
benzene, diethyl ether and petroleum ether. In the '"H NMR spectra of L1H2-(PF6)2-
L*H,"(PFg),, the azolium proton signals (NCHN) appear at 0 = 9.29-10.03 ppm,
which are consistent with the chemical shifts of reported imidazolium or

. . 6,14
benzimidazolium salts.”
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Scheme 1 Preparation of precursors Lle-(PF6)2-L4H2-(PF6)2.
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Synthesis and characterization of complexes 1-7

Complexes 1-4 were prepared by the reactions of L'H,(PFg);, L*H,(PF); or
L4H2-(PF6)2 with HgBr, or Hgl, in the presence of K,CO; in CH3CN/DMSO
(Schemes 2(1)-2(3)). Complexes 5-7 were prepared by the reactions of precursors
L'H,(PFg);, L*H,*(PFg); or L*H,-(PF), with Ag,O in CH;CN (Schemes 2(4) and
2(5)).

Complexes 1-7 are stable toward heat, air and moisture, soluble in DMSO and
scarcely soluble in diethyl ether and hydrocarbon solvents, and their single crystals
suitable for X-ray diffraction are obtained by slow diffusion of diethyl ether into their
CH;CN/DMSO or CH3CN solution at room temperature. The structures of complexes
1-7 are confirmed by 'H NMR, *C NMR spectroscopy and X-ray crystallography. In
the '"H NMR spectra of complexes 1-7, the disappearance of the resonances for the
azolium protons (NCHN) shows the formation of the expected metal carbene
complexes, and the chemical shifts of other hydrogen atoms are similar to those of
corresponding precursors. For *C NMR spectra of complexes 1-4, the signals of the
carbene carbons appear at 175.5-179.5 ppm, which are similar to known carbene
metal complexes.'® In silver(I) complexes 5-7, the signals for the carbene carbons are
not observed. The absence of the carbene carbon resonance is not unusual, and this
phenomenon has been reported for some silver(I) carbene complexes, which may
result from the fluxional behavior of the NHC complexes.16 Silver complexes 5-7 are

slightly light-sensitive in the solution, but light-stable as solid.
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Scheme 2 Preparation of complexes 1-7.
Structure of Complexes 1-7

In each molecule of complexes 1 or 2 (Fig. 1(a) and Fig. 2(a)), two 16-membered
macrometallocycles are connected together via two bridging halide ions (two bridging
bromide ions for 1, and two bridging iodide ions for 2) to form a dimer, in which each
16-membered macrometallocycle is constructed by one ligand L? and one mercury(II)
ion. As shown in Fig. 3(a)-Fig. 7(a), each molecule of complexes 3-7 contains one 16-
membered macrometallocycle formed via one biscarbene ligand (L' for 3 and 5, L?
for 6, L* for 4 and 7) and one metal ion (Hg(II) ion for 3 and 4, Ag(I) ion for 5-7).

In complexes 1-7, each O(2) atom from anthraquinone ring participates in
coordination with metal ion. The bond distances of Hg(1)-O(2) for 1-4 are in the
range of 2.827(6)-2.942(8) A, and the bond distances of Ag(1)-O(2) for 5-7 are from
2.632(4) to 3.042(6) A (Table S1, van der Waals Radii of mercury, silver and oxygen
being 1.70 A, 1.72 A and 1.52 A, respectively). In complexes 1-4, the bond distances

of Hg-C are from 2.055(3) A to 2.095(3) A. The bond angles of C-Hg-C are from

165.1(4)° to 172.1(7)°. In complexes 5-7, the bond distances of Ag-C are from

2.052(7) A to 2.096(9) A. The bond angles of C-Ag-C are from 172.8(2)° to 174.8(2)".

These values are similar to those of known NHC metal complexes.'> !

In complex 1, Hg(1) is penta-coordinated with two carbene carbon atoms, two
bridging bromide ions and one oxygen atom from anthraquinone to adopt a trigonal

bipyramidal geometry. A distorted Hg,Br, quadrangular arrangement is formed by
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Hg(1), Br(4), Hg(3) and Br(7). In the Hg,Br, quadrangular, the dihedral angle
between Br(4)-Hg(1)-Br(7) plane and Br(4)-Hg(3)-Br(7) plane is 30.2(8)°. The bond
distances of Hg-Br are from 3.024(5) A to 3.152(3) A, and these values fall within the
normal range of Hg-Br bond."® The bond angles of Br-Hg-Br and Hg-Br-Hg are from
81.8(3)° to 83.3(3)° and from 91.4(2)° to 94.4(5)°, respectively. The separation
between Hg(1) and Hg(3) is 4.445(4) A, which shows that there is no direct
interaction between both mercury(Il) ions. Two anthraquinone rings in complex 1
form the dihedral angle of 56.7(2)°. In the both flanks of Hg,Br, quadrangular, two
pairs of opposite imidazole rings form the dihedral angles of 20.7(1)° and 22.7(0)°,
respectively, and the distances of two imidazole rings in each pair are about 3.8 A and
6.9 A, respectively.

In complex 2, an inversion center is observed. Hg(1) is penta-coordinated with
two carbene carbon atoms, two bridging iodide ions and one oxygen atom from
anthraquinone to adopt a trigonal bipyramidal geometry. Hg(2) is tetra-coordinated
with four iodide ions to adopt a slightly distorted tetrahedral geometry. Around Hg(2),
the bond distances of Hg(2)-I are from 2.737(8) A to 2.938(8) A, and the bond angles
of I-Hg(2)-1 are in the range of 102.7(2)-124.3(2)°. These values fall in normal
ranges.'” In the center of the dimer, a coplanar parallelogram is formed by Hg(1), I(1),
Hg(1A) and I(1A). Each bridging iodide ion is connected to three mercury(Il) ions.
The bond angles of Hg(1)-1(1)-Hg(2) and I(1)-Hg(1)-I(1A) are 112.8(1)° and 67.1(1)",
respectively. The bond distances of Hg(1)-I(1) and Hg(1)-I(1A) are 3.399(9) A and
3.519(9) A, respectively, and these values are longer than those of normal distances of
Hg-I. The separation between Hg(1) and Hg(1A) is 5.765(2) A, which indicates that
there is no direct interaction between both mercury(Il) ions.

Hg(1) in complex 3 is tetra-coordinated with two carbene carbon atoms, one

iodide ion and one oxygen atom from anthraquinone to adopt a tetrahedral geometry.

7
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Hg(2) is surrounded by four iodide ions to form the [Hgl,]* unit, in which the bond
distances of Hg(2)-I are from 2.724(8) A to 2.952(8) A, and the bond angles of I-
Hg(2)-I are from 102.8(2)° to 119.4(3)°. These values are similar to those of complex
2. The bond distance of Hg(1)-I(1) (3.280(9) A) is longer than that of normal distance
of Hg-1.

Hg(1) in 4 is tetra-coordinated with two carbene carbon atoms, one nitrogen atom
from the pyridine ring and one iodide ion from a [Hgl,]*" unit. The bond distance of
Hg(1)-N(6) is 2.734(1) A. [HgI4]2' unit of 4 is similar to that of 3. The bond distance
of Hg(1)-1(6) is 3.118(5) A, and it is longer than that of normal distance of Hg-1.

Each silver(I) ion in 5-7 is tri-coordinated with two carbene carbon atoms and one
oxygen atom from anthraquinone. Two ethyl groups in 5§ or 6 point to the opposite
directions, respectively. Two pyridine rings in 7 form the dihedral angle of 56.6(4)°.

In each 16-membered macrometallocycle of 1-7, the dihedral angles between
anthraquinone and two azole rings are from 53.2(2)° to 85.6(5)° (Table S2 in the
Supporting Information). In each macrometallocycle of complexes 1, 2, 4 and 7, the
dihedral angles between benzene (or pyridine) rings and adjacent azole rings are from
60.7(7)° to 88.9(0)°. The dihedral angles between two azole rings in the same NHC-
M-NHC units for 1-7 are from 7.1(3)° to 39.8(7)".

Each O(2) atom in 1-7 lie in the outside of anthraquinone plane, and the slip
angles between O(2) atoms and anthraquinone planes are from 9.9(8)° to 16.5(9)"
(Table S1). The internal ring angles (N-C-N) at the carbene centers for 1-7 are from

103.4(7)° to 108.1(0)°, which are similar to those of known NHC metal complexes.'>

17

Crystal packings of complexes 1-7

In the crystal packing of 1 (Fig. 1(b)), 2D supramolecular layer is formed through
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C-H--'Br hydrogen bonds.?’ In the hydrogen bonds, the hydrogen atoms are from
anthraquinone rings or CH, of ethoxy groups (the data of hydrogen bonds being given
in Table S3).

2D supramolecular layer of 2 (Fig. 2(b)) is formed by C-H---O hydrogen bonds.”!
In the hydrogen bonds, the hydrogen atoms are from anthraquinone rings.
Additionally, 2D supramolecular layers are further extended into 3D supramolecular
architecture through C-H:-m contacts (Fig. 2(c)).** In C-H---x contacts, the hydrogen
atoms are from CH; of ethoxy groups and & systems are from benzene rings (the data
of C-H- -7 contacts being given in Table S4).

2D supramolecular layer of 3 (Fig. 3(b)) is formed via n-7 stacking interactions™
from intermolecular imidazole rings and anthraquinone rings (Table S4).

As shown in Fig. 4(b), 2D supramolecular layer of 4 is formed through C-H---1
hydrogen bonds®® and C-H:-O hydrogen bonds. In C-H---I hydrogen bonds, the
hydrogen atoms are from benzimidazole rings. In C-H---O hydrogen bonds, the
hydrogen atoms are from CH, of picolyl groups. Additionally, 2D supramolecular
layers are further extended into 3D supramolecular architecture via new C-H---1
hydrogen bonds (Fig. 4(c)). In the new hydrogen bonds, the hydrogen atoms are from
CH; of ethoxy groups.

2D supramolecular layer of 5 (Fig. 5(b)) is formed by C-H:--F hydrogen bonds.**
In the hydrogen bonds, the hydrogen atoms are from imidazole rings, CH, of ethoxy
groups or CHj; of ethyl groups, respectively.

2D supramolecular layer of 6 (Fig. 6(b)) is formed by C-H---F hydrogen bonds
and 7n-m interactions from intermolecular anthraquinone rings and benzimidazole rings.
In the hydrogen bonds, the hydrogen atoms are from benzimidazole rings.

2D supramolecular layer of 7 (Fig. 7(b)) is formed by C-H:-‘F hydrogen bonds,

C-H---N hydrogen bonds®® and C-H---O hydrogen bonds. In these hydrogen bonds,
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the hydrogen atoms are from the benzimidazole rings, CH, of picolyl groups and the

benzimidazole rings, respectively.

Fig. 1(a) Perspective view of 1. All hydrogen atoms have been omitted for clarity.
Selected bond lengths (A) and angles (°): Hg(1)-C(10) 2.093(0), Hg(1)-C(31)
2.087(0), Hg(3)-C(48) 2.073(0), Hg(3)-C(69) 2.095(3), Hg(1)-Br(4) 3.057(1), Hg(1)-
Br(7) 3.031(7), Hg(3)-Br(4) 3.152(3), Hg(3)-Br(7) 3.024(5); N(1)-C(10)-N(2)
105.8(8), C(10)-Hg(1)-C(31) 165.1(4), C(48)-Hg(3)-C(69) 166.9(1), Hg(1)-Br(4)-
Hg(3) 91.4(2), Hg(1)-Br(7)-Hg(3) 94.4(5), Br(4)-Hg(1)-Br(7) 83.3(3), Br(4)-Hg(3)-
Br(7) 81.8(3).
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Fig. 1(b) 2D supramolecular layer of 1 via C-H---Br hydrogen bonds. All hydrogen

atoms except those participating in the hydrogen bonds were omitted for clarity.

10

Page 10 of 36



Page 11 of 36

CrystEngComm

Fig. 2(a) Perspective view of 2. All hydrogen atoms have been omitted for clarity.
Selected bond lengths (A) and angles (°): Hg(1)-C(8) 2.082(9), Hg(1)-C(31) 2.074(9),
Hg(1)-I(1) 3.399(9), Hg(2)-1(1) 2.938(8), Hg(2)-1(2) 2.760(8), Hg(2)-1(3) 2.775(8),
Hg(2)-1(4) 2.737(8), Hg(1)-O(2) 2.845(6); N(1)-C(8)-N(2) 107.8(8), C(8)-Hg(1)-C(31)
168.1(4), Hg(1)-I(1)-Hg(2) 119.3(2), I(1)-Hg(2)-1(3) 103.4(2), I(1)-Hg(2)-1(4)
102.7(2). Symmetry code: i: -x, 1 -y, 1 -z

o i@ , w

Fig. 2(b) 2D supramolecular layer of 2 via C-H---O hydrogen bonds. All hydrogen

b
0

atoms except those participating in the hydrogen bonds were omitted for clarity.
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Fig. 2(c) 3D supramolecular architecture of 2 via C-H---O hydrogen bonds and C-
H---m contacts. All hydrogen atoms except those participating in C-H:--O hydrogen

bonds and C-H---& contacts were omitted for clarity.

Fig. 3(a) Perspective view of 3. All hydrogen atoms have been omitted for clarity.
Selected bond lengths (A) and angles (°): Hg(1)-C(5) 2.069(8), Hg(1)-C(24) 2.076(1),
Hg(1)-I(1) 3.280(9), Hg(2)-I(1) 2.952(8), Hg(1)-O(2) 2.827(6); N(1)-C(5)-N(2)
107.0(7), C(5)-Hg(1)-C(24) 167.3(3), Hg(1)-1(1)-Hg(2) 122.0(4), I(1)-Hg(2)-1(3)
104.2(2).

12
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Fig. 3(b) 2D supramolecular layer of 3 via n-x interactions. All hydrogen atoms were

omitted for clarity.

Fig. 4(a) Perspective view of 4. All hydrogen atoms have been omitted for clarity.
Selected bond lengths (A) and angles (°): Hg(1)-C(7) 2.082(2), Hg(1)-C(32) 2.055(3),
Hg(1)-1(6) 3.118(5), Hg(2)-1(4) 2.798(4) Hg(1)-N(6) 2.734(1), Hg(1)-O(2) 2.879(8);
N(2)-C(7)-N(3) 108.1(0), C(7)-Hg(1)-C(32) 172.1(7), Hg(2)-1(6)-Hg(1) 122.2(4),
1(6)-Hg(2)-1(4) 110.8(6).

13
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Fig. 4(b) 2D supramolecular layer of 4 via C-H---O hydrogen bonds and C-H--'1
hydrogen bonds. All hydrogen atoms except those participating in these hydrogen

bonds were omitted for clarity.
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Fig. 4(c) 3D supramolecular architecture of 4 via C-H---O hydrogen bonds and C-
H---1 hydrogen bonds. All hydrogen atoms except those participating in these

hydrogen bonds were omitted for clarity.
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Fig. 5(a) Perspective view of 5. All hydrogen atoms have been omitted for clarity.
Selected bond lengths (A) and angles (°): Ag(1)-C(5) 2.088(2), Ag(1)-C(24) 2.087(6),
Ag(1)-0(2) 2.954(1); N(1)-C(5)-N(2) 103.4(7), C(5)-Ag(1)-C(26) 174.8(2).

Fig. 5(b) 2D supramolecular layer of 5 via C-H---F hydrogen bonds. All hydrogen

atoms except those participating in the hydrogen bonds were omitted for clarity.

15
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Fig. 6(a) Perspective view of 6. All hydrogen atoms have been omitted for clarity.
Selected bond lengths (A) and angles (°): Ag(1)-C(9) 2.078(6), Ag(1)-C(34) 2.052(7),
Ag(1)-0(2) 3.042(6); N(1)-C(9)-N(2) 107.4(3), C(9)-Ag(1)-C(34) 172.9(2).

Fig. 6(b) 2D supramolecular layer of 6 via C-H---F hydrogen bonds and n-m
interactions. All hydrogen atoms except those participating in the hydrogen bonds

were omitted for clarity.

16
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Fig. 7(a) Perspective view of 7. All hydrogen atoms have been omitted for clarity.
Selected bond lengths (A) and angles (°): Ag(1)-C(13) 2.096(9), Ag(1)-C(38)
2.091(9), Ag(1)-0(2) 2.632(4); N(2)-C(13)-N(3) 105.7(6), C(13)-Ag(1)-C(38)
172.8(2).

Fig. 7(b) 2D supramolecular layer of 7 via C-H:--F, C-H---O and C-H:--N hydrogen
bonds. All hydrogen atoms except those participating in these hydrogen bonds were

omitted for clarity.

Fluorescence Emission Spectra of precursor L'H,(PFg);, and complexes 1, 3 and
5

As shown in Fig. 8, the fluorescence emission spectra of precursors L'H,-(PFg); and
complexes 1, 3 and S in acetonitrile at room temperature are obtained upon excitation

at 267 nm. Precursors L'H,-(PFg),-L*H,* (PFg), exhibit similar emission bands in the

17
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region of 400-450 nm, corresponding to intraligand n-n* transitions. The fluorescence
emissions of complexes 1, 3 and 5 are weaker than those of corresponding precursors
(complexes 1 and 2 showing similar fluorescence intensity, complexes 3 and 4
showing similar fluorescence intensity, and complexes 5-7 showing similar
fluorescence intensity), which may be attributed to the metal perturbed intraligand
processes.”

1000 ~

1
L'H,(PF)),

800

600

400 4

Fluorescence Intensity

200",

390 420 450 480 510
Wavelength(nm)
Fig. 8 Emission spectra of L'H,-(PF¢); and complexes 1, 3 and 5 at room temperature

in CH3CN (1.0x10° M) solution (slit: ex = 5 nm and em = 5 nm).

Cyclic voltammetry

Electrochemical properties were obtained by cyclic voltammetric experiments in 0.1
M tetrabutylammonium tetrafluoroborate ("BuyNBFy4) using CH;CN as solvent for
complexes 5-7 and their corresponding precursors L'H,"(PF),, L3H2-(PF6)2 and
L4H2-(PF(,)2. Experiments were performed with a three-electrode system (Pt foil as
working electrode, Pt wire as counter electrode, and SCE as reference electrode). As
shown in Fig.9(a)-Fig.9(c), the reduction peak of silver(I) center is not observed in
complexes 5-7, which indicates that the complexed silver(I) ion is relatively more
difficult to reduce due to coordination with carbene carbon atoms.?® The characteristic,
first and second, one-electron anthraquinone reduction potentials®’ for complexes 5-7
and their corresponding precursors Lle-(PF(,)z, L3H2-(PF6)2 and L4H2-(PF(,)2 are
observed (the cyclic voltammograms of precursors L'H,:(PFg),, L*H, (PFg), and
L*H,(PFq)2 being shown in Fig.S1(a)-Fig.S1(c) of Supplementary Information). But

the anthraquinone reduction potentials in 5-7 have changed in different degrees

18
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compared with corresponding precursors. Anthraquinone’s first one electron
reduction potential (E°') and the second one electron reduction potential (E°?) of 5
shifted towards positive potentials by 0.31 V and 0.39 V, respectively, while E°' of 6
or 7 have hardly changed, and E®% of 6 or 7 have only little changes (shifting towards
positive potentials by 0.06 V for 6 and 0.05 V for 7) (Table S5). According to
literature reports, the anthraquinone reduction potentials are sensitive to subtle
electronic changes on their peripheries,”® and the charge density of silver(I) center in
5-7 should be an important influence factor on anthraquinone reduction potentials. As
can be seen from the structures of 5-7 (Fig.5(a)-Fig.7(a)), the charge density of
silver(I) center is related to the size of m-conjugated system of azolylidenes
(imidazolylidene for 5 and benzimidazolylidene for 6 and 7). Benzimidazolylidene
has more large m-conjugated system by comparison to imidazolylidene, and it can
more effectively disperse positive charge of silver(I) center. Thus, the positive charge
density of silver(I) center in 5 is greater than in 6 or 7. As a result, the anthraquinone

reduction potential in 5 is more significantly affected than in 6 or 7.
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Fig. 9 Cyclic voltammograms of complexes 5-7 in CH;CN using 0.1 M "BusNBF, as
the supporting electrolyte.

Conclusions

In summary, four bis-azolium salts Lle-(PF6)2—L4H2-(PF6)2 and their seven N-
heterocyclic carbene Hg(Il) and Ag(I) complexes 1-7 have been prepared and
characterized. In complexes 1 or 2, two l6-membered macrometallocycles are
connected together via two bridging halide ions (two bridging bromide ions for 1, and
two bridging iodide ions for 2). In complexes 3-7, each molecule contains one 16-
membered macrometallocycle formed by one bidentate ligand and one metal ion. In
crystal packings of 1-7, 2D supramolecular layers and 3D supramolecular
architectures are formed via intermolecular weak interactions, including hydrogen
bonds, m-m stacking interactions and C-H---m contacts. Further studies on new
organometallic complexes from these ligands and analogous ligands are underway.
Experimental

General procedures

All manipulations were performed using Schlenk techniques, and solvents were
purified by standard procedures. All the reagents for synthesis and analyses were of
analytical grade and used without further purification. Melting points were determined
with a Boetius Block apparatus. 'H and >C NMR spectra were recorded on a Varian
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Mercury Vx 400 spectrometer at 400 MHz and 100 MHz, respectively. Chemical
shifts, &, are reported in ppm relative to the internal standard TMS for both 'H and "*C
NMR. J values are given in Hz. Elemental analyses were measured using a Perkin-
Elmer 2400C Elemental Analyzer. The fluorescence spectra were performed using a
Cary Eclipse fluorescence spectrophotometer. Cyclic voltammetry (CV)
measurements were measured using HSV-110 (Automatic Polarization System),
HOKUTO DENKO (HD) in CH3;CN solution with tetrabutylammonium
tetrafluoroborate ("BusNBF,) as the supporting electrolyte.

Preparation of 1,8-bis(2’-bromoethoxy)-9,10-anthraquinone

An acetone (50 mL) suspension of 1,8-dihydroxy-9,10-anthraquinone (1.081 g, 4.5
mmol), K,CO; (3.726 g, 27.0 mmol), TBAB (0.200 g, 0.6 mmol) and 1,2-
dibromoethane (5.072 g, 27.0 mmol) was stirred under refluxing for 3 days. After
removing the solvent, H;O (50 mL) was added to the residue. Then the solution was
extracted with CH,Cl, (3 x 30 mL) and the extracting solution was dried over
anhydrous MgSO,s. After removing CH,Cl,, a yellow solid of 1,8-bis(2’-
bromoethoxy)-9,10-anthraquinone was obtained. Yield: 1.246 g (61%). M.p.: 122-124
°C. Anal. Calcd for CisH4Br,O4: C, 47.60; H, 3.10%. Found: C, 47.83; H, 3.44%. 'H
NMR (400 MHz, DMSO-d): 0 3.84 (t,J = 5.8 Hz, 4H, CH>), 4.49 (t, J = 5.8 Hz, 4H,
CH,), 7.57 (q, J = 3.2 Hz, 2H, ArH), 7.75 (t, J = 2.8 Hz, 4H, ArH). >C NMR (100
MHz, DMSO-dg): 0 182.9 and 180.7 (C=0), 157.3, 134.2, 134.1, 124.2, 121.5 and
119.2 (ArC), 69.7 (OCH,CH»), 30.8 (OCH,CH»).

Preparation of Lle-(PF6)2

An acetone (50 mL) solution of N-ethylimidazole (0.846 g, 8.8 mmol) and 1,8-bis(2’-
bromoethoxy)-9,10-anthraquinone (1.816 g, 4.0 mmol) was stirred under refluxing for
3 days, and a yellow precipitate was formed. The product was filtered and washed by

acetone to give a pale yellow powder of 1,8-bis[2’-(N-ethylimidazoliumyl)ethoxy]-
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9,10-anthraquinone dibromide (L'H,'Br,). Yield: 2.275 g (88%). M.p.: 260-262 °C.
Anal. Calcd for C,3H30BroN4O4: C, 52.03; H, 4.67; N, 8.66%. Found: C, 52.45; H,
4.32; N, 8.82%. 'H NMR (400 MHz, DMSO-d): § 1.42 (t, J = 7.4 Hz, 6H, CHs),
4.22 (q,J = 7.3 Hz, 4H, CH,), 4.57 (t, J = 4.6 Hz, 4H, CH,), 4.71 (t, J = 4.6 Hz, 4H,
CH,), 7.59 (q, J = 3.1 Hz, 2H, ArH), 7.78 (m, 4H, ArH), 7.87 (s, 2H, ArH), 8.08 (s,
2H, ArH), 9.34 (s, 2H, 2-imiH). >C NMR (100 MHz, DMSO-d;): 6 182.8 and 182.0
(C=0), 157.1, 136.4, 134.8, 134.1, 123.1, 122.9, 121.8, 120.1 and 119.2 (ArC or
imiC), 67.5 (OCH,CHa), 48.3 (CH,), 44.2 (CH,), 14.9 (CH3) (imi = imidazole).
NH4PF¢ (0.652 g, 4.0 mmol) was added to the methanol (40 mL) solution of
L'H,'Br, (1.293 g, 2.0 mmol), and the mixture was stirred for 48 h at room
temperature.  The  1,8-bis[2’-(N-ethylimidazoliumyl)ethoxy]-9,10-anthraquinone
hexafluorophosphate (L'H,-(PFs),) was obtained as a yellow solid through filtering.
Yield: 1.305 g (84%). M.p.: 218-220 °C. Anal. Calcd for C,3H30F12N4O4P5: C, 43.31;
H, 3.89; N, 7.21%. Found: C, 43.55; H, 3.63; N, 7.52%. "H NMR (400 MHz, DMSO-
de): 0 1.42 (t, J = 7.4 Hz, 6H, CHs), 4.21 (q, J = 7.3 Hz, 4H, CH.), 4.57 (s, 4H, CH,),
4.70 (s, 4H, CH>), 7.59 (d, J = 7.6 Hz, 2H, ArH), 7.80 (t, J = 6.8 Hz, 6H, ArH), 8.07
(s, 2H, ArH), 9.29 (s, 2H, 2-imiH). *C NMR (100 MHz, DMSO-dq): ¢ 182.0 and
181.0 (C=0), 157.1, 136.4, 134.6, 134.1, 123.1, 122.9, 121.8, 120.1 and 119.2 (ArC
or imiC), 67.4 (OCH,CH,), 48.3 (CH,), 44.3 (CH,), 14.9 (CH»).
Preparation of Lsz-(PF6)2
This compound was prepared in a manner analogous to that for L'H,-(PFg),, only N-
benzylimidazole (1.392 g, 8.8 mmol) was used instead of N-ethylimidazole. Yield:
3.206 g (89%). M.p.: 208-210 °C. Anal. Calcd for C33H34F12N4O4P: C, 50.67; H, 3.80;
N, 6.22%. Found: C, 50.41; H, 3.52; N, 6.46%. '"H NMR (400 MHz, DMSO-dy): J
3.86 (t, J = 5.6 Hz, 4H, CH,), 4.50 (t, J = 5.4 Hz, 4H, CH>), 5.47 (s, 4H, CH>), 7.35

(q,J = 2.4 Hz, SH, ArH), 7.55 (q, J = 2.4 Hz, 3H, ArH), 7.81 (m, 10H, ArH), 8.11 (s,
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2H, ArH), 9.45 (s, 2H, 2-imiH). *C NMR (100 MHz, DMSO-d;): 6 182.9 and 181.3
(C=0), 157.0, 137.1, 134.6, 134.5, 134.0, 128.9, 128.1, 123.8, 122.1, 121.1, 119.7,
119.1 and 119.0 (ArC or imiC), 67.2 (OCH,CH,), 52.0 (CH>), 48.5 (CH»).
Preparation of L3H2-(PF6)2

This compound was prepared in a manner analogous to that for L'H,-(PFg),, only N-
ethylbenzimidazole (1.286 g, 8.8 mmol) was used instead of N-ethylimidazole. Yield:
2.981 g (85%). M.p.: 190-192 °C. Anal. Calcd for C3sH34F12N4O4P2: C, 49.32; H, 3.90;
N, 6.39%. Found: C, 49.71; H, 3.57; N, 6.27%. '"H NMR (400 MHz, DMSO-dy): J
1.63 (t, J = 7.2 Hz, 6H, CH;), 3.91 (t, J = 5.6 Hz, 4H, CH,), 4.56 (t, J = 5.8 Hz, 4H,
CH,), 5.06 (t, J = 4.6 Hz, 4H, CH>), 7.56 (q, J = 3.0 Hz, 2H, ArH), 7.74 (q, J = 3.4
Hz, 4H, ArH), 7.78 (d, J = 3.2 Hz, 4H, ArH), 8.13 (q, J = 2.8 Hz, 2H, ArH), 8.27 (q, J
= 3.0 Hz, 2H, ArH), 9.97 (s, 2H, 2-bimiH). *C NMR (100 MHz, DMSO-dc): 6 182.9
and 181.5 (C=0), 157.5, 134.6, 134.1, 131,0, 130.7, 126.6, 126.5, 119.8, 119.3, 119.0,
116.8 and 113.8 (ArC or bimiC), 66.1 (OCH,CH,), 45.8 (CH,), 42.3 (CH,), 14.1 (CHz)
(bimi = benzimidazole).

Preparation of L4H2-(PF6)2

This compound was prepared in a manner analogous to that for L'H,-(PFg),, only N-
picolylbenzimidazole (1.736 g, 8.8 mmol) was used instead of N-ethylimidazole.
Yield: 3.250 g (83%). M.p.: 231-233 °C. Anal. Calcd for C44H3cF2NgO4P,: C, 52.70;
H, 3.61; N, 8.38%. Found: C, 52.51; H, 3.43; N, 8.55%. '"H NMR (400 MHz, DMSO-
ds): 0 4.66 (s, 4H, CH,), 5.08 (s, 4H, CH,), 5.89 (s, 4H, CH>), 7.16 (t, J = 6.0 Hz, 2H,
ArH), 7.51 (q, J = 2.6 Hz, 2H, ArH), 7.62 (m, 6H, ArH), 7.78 (m, 6H, ArH), 7.92 (d, J
= 7.6 Hz, 2H, ArH), 8.19 (d, J = 5.6 Hz, 4H, ArH), 10.03 (s, 2H, 2-bimiH). °C NMR
(100 MHz, DMSO-ds): 6 182.8 and 181.5 (C=0), 157.6, 157.2, 156.9, 152.7, 149.3,
149.2, 144.6, 137.3, 134.5, 134.0, 133.8, 131.0, 126.7, 126.6, 126.4, 123.5, 123.4,

123.1, 122.8, 122.5, 122.4, 121.5, 120.0, 119.3, 114.0 and 113.7 (ArC or bimiC), 66.3

23



CrystEngComm

(OCH,CH,), 51.0 (CH»), 50.9 (CH»), 46.2 (CH), 46.0 (CH>).

Preparation of complex [(LzHgBr)z](HgBr4) 0}

A CH3;CN/DMSO (30 mL, v:v = 2:1) suspension of HgBr, (0.108 g, 0.3 mmol),
K,CO; (0.249 g, 1.8 mmol) and L2H2-(PF(,)2 (0.270 g, 0.3 mmol) was stirred for 12 h
at 80 °C in N, protection. The mixture was filtered and concentrated to 5 mL, and
Et,O (10 mL) was added to precipitate a pale yellow powder. Isolation by filtration
yields complex 1. Yield: 0.283 g (41%). M.p.: 216-218 °C. Anal. Calcd for
Cr6HesBrsHgsNgOs: C, 39.71; H, 2.80; N, 4.87%. Found: C, 39.93; H, 2.61; N, 4.52%.
'H NMR (400 MHz, DMSO-dq): 6 4.30 (t, J = 4.2 Hz, 8H, CH,), 4.85 (s, 8H, CH,),
5.92 (d,J = 0.8 Hz, 8H, CH,), 6.83 (t, J = 7.4 Hz, 4H, ArH), 6.90 (t,J = 6.8 Hz, 8H,
ArH), 7.15 (d, J = 7.2 Hz, 8H, ArH), 7.41 (d, J = 8.4 Hz, 4H, ArH), 7.80 (m, 12H,
ArH), 7.89 (d, J = 2.0 Hz, 4H, ArH). C NMR (100 MHz, DMSO-dq): § 182.7 and
179.9 (C=0), 177.1 (Cearbene), 157.6, 135.9, 134.7, 133.6, 128.2, 127.5, 126.8, 124.9,
123.1, 121.5, 118.9 and 118.6 (ArC or imiC), 67.1 (OCH,CH,), 53.0 (CH,), 50.5
(CH>).

Preparation of complex [LzHg(HgI4)]2 2)

This complex was prepared in a manner analogous to that for complex 1, only Hgl,
(0.136 g, 0.3 mmol) was used instead of HgBr,. Yield: 0.229 g (49%). M.p.: 237-239
°C. Anal. Calcd for C3sH3,Hg,1sN4O4: C, 30.07; H, 2.12; N, 3.69%. Found: C, 30.42;
H, 2.41; N, 3.43%. '"H NMR (400 MHz, DMSO-d): 6 4.32 (t, J = 4.0 Hz, 8H, CH,),
4.81 (s, 8H, CH>), 5.88 (s, 8H, CH>), 6.85 (t,J = 7.2 Hz, 4H, CH;), 6.93 (t,J = 7.4 Hz,
8H, CH>), 7.14 (d, J = 7.6 Hz, 8H, ArH), 7.42 (d, J = 7.6 Hz, 4H, ArH), 7.82 (m, 12H,
ArH), 7.92 (d, J = 1.6 Hz, 4H, ArH). >C NMR (100 MHz, DMSO-dq): 6 181.5 and
178.9 (C=0), 175.5 (Cearbene), 156.4 (OCH,CH,), 134.6, 133.6, 132.4, 127.1, 126.4,
125.6, 124.0, 122.1, 120.2, 117.8 and 117.5 (ArC or imiC), 65.9, 51.9 (CH,), 49.5
(CHy).
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Preparation of complex [Lng(HgI4)] 3)

This complex was prepared in a manner analogous to that for complex 1, only Hgl,
(0.136 g, 0.3 mmol) and L'H,(PFq); (0.232 g, 0.3 mmol) were used instead of HgBr,
and Lsz-(PF(,)z. Yield: 0.188 g (45%). M.p.: 257-259 °C. Anal. Calcd for
CisHisHghbN>O,: C, 24.13; H, 2.02; N, 4.02%. Found: C, 24.43; H, 2.31; N, 4.38%.
'H NMR (400 MHz, DMSO-dq): J 1.38 (t, J = 6.6 Hz, 6H, CH3), 4.57 (t, J = 9.8 Hz,
8H, CH>), 4.99 (s, 4H, CH>), 7.52 (d, J = 8.4 Hz, 2H, ArH), 7.70 (d, J = 7.6 Hz, 2H,
ArH), 7.80 (m, 2H, ArH), 7.82 (s, 2H, ArH), 7.89 (s, 2H, ArH). >C NMR (100 MHz,
DMSO-dg): 6 182.4 and 181.3 (C=0), 176.2 (Cearbenc), 157.4, 134.8, 133.8, 124.1,
122.8, 122.2, 119.2 and 118.8, (ArC or imiC), 67.8 (OCH,CH,), 50.5 (CH,), 45.6
(CH), 16.1 (CH3).

Preparation of complex [L4Hg(HgI4)] “)

This complex was prepared in a manner analogous to that for complex 1, only Hgl,
(0.136 g, 0.3 mmol) and L*H,*(PFg), (0.200 g, 0.2 mmol) was used instead of HgBr,
and L*H,-(PF¢),. Yield: 0.105 g (40.8 %). M.p.: 256-258 °C. Anal. Calcd for
CasH34HgoIuN6O4: C, 32.63; H, 2.11; N, 5.18%. Found: C, 32.45; H, 2.32; N, 5.47%.
'H NMR (400 MHz, DMSO-dy): 0 4.48 (s, 4H, CH>), 5.29 (s, 4H, CH,), 6.32 (s, 4H,
CH,), 7.07 (m, 2H, ArH), 7.40 (d, J = 7.6 Hz, 2H, ArH), 7.73 (m, 12H, ArH), 8.14 (t,
J =4.6 Hz, 2H, ArH), 8.24 (t, J = 4.6 Hz, 2H, ArH), 8.31 (d, J = 4.4 Hz, 2H, ArH).
C NMR (100 MHz, DMSO-ds): § 184.8 and 182.4 (C=0), 179.5 (Cearbenc), 157.2,
153.4, 149.9, 138.0, 134.5, 133.7, 133.6, 131.4, 125.9, 125.7, 123.6, 122.8, 122.3,
119.0, 118.7, 113.1 and 112.9 (ArC or bimiC), 65.6 (OCH,CH,), 51.6 (CH»), 40.3
(CHy).

Preparation of complex [LlAg] (PF¢) 5)

An acetonitrile (30 mL) suspension of silver oxide (0.082 g, 0.3 mmol) and

L'H, (PFg); (0.232 g, 0.3 mmol) was stirred for 12 h at 40 °C in N, protection. The
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mixture was filtered and concentrated to 5 mL, and Et,0 (10 mL) was added to
precipitate a pale yellow powder. Isolation by filtration yields complex 5. Yield:
0.201 g (90%). M.p.: 234-236 °C. Anal. Calcd for C,3HysAgFsN4O4P: C, 45.60; H,
3.82; N, 7.59%. Found: C, 45.84; H, 3.53; N, 7.77%. '"H NMR (400 MHz, DMSO-dj):
0 1.44 (t,J = 7.4 Hz, 6H, CH;), 4.26 (q, J = 7.4 Hz, 4H, CH;), 4.45 (t,J = 4.4 Hz, 4H,
CH,), 4.71 (t, J = 4.2 Hz, 4H, CH>), 7.48 (d, J = 8.0 Hz, 2H, ArH), 7.55 (d,J = 1.6
Hz, 2H, ArH), 7.59 (d, J = 1.6 Hz, 2H, ArH), 7.70 (d, J = 7.6 Hz, 2H, ArH), 7.75 (d, J
= 8.0 Hz, 2H, ArH). °C NMR (100 MHz, DMSO-dq): ¢ 182.8 and 180.4 (C=0),
157.4, 134.3, 133.8, 122.7, 122.1, 120.6, 118.8 and 118.4 (ArC or imiC), 68.1
(OCH,CH;), 51.0 (CH,), 46.0 (CHy), 17.0 (CH3). The carbene carbon was not
observed.

Preparation of complex [L3 Ag|(PF) (6)

This complex was prepared in a manner analogous to that for complex S, only
L*H,(PFg); (0.175 g, 0.2 mmol) was used instead of L'H,*(PF¢),. Yield: 0.171 g
(81%). M.p.: 266-268 °C. Anal. Calcd for C3;sH3,AgFsN4O4P: C, 51.63; H, 3.85; N,
6.68%. Found: C, 51.73; H, 3.52; N, 6.71%. '"H NMR (400 MHz, DMSO-ds): d 1.54
(t,J =7.2Hz, 6H, CH;), 4.58 (t, J = 4.2 Hz, 4H, CH>), 4.70 (q, J = 7.0 Hz, 4H, CH>),
5.18 (t,J = 4.2 Hz, 4H, CH,), 7.52 (m, 6H, PhH), 7.63 (d, J = 6.8 Hz, 2H, ArH), 7.71
(t,J =4.0 Hz, 2H, ArH), 7.87 (q, J = 2.8 Hz, 2H, ArH), 7.98 (q, J = 2.8 Hz, 2H, ArH).
C NMR (100 MHz, DMSO-ds): 6 182.6 and 180.8 (C=0), 157.3, 134.4, 133.7,
133.3, 133.2, 132.4, 132.3, 124.0, 123.8, 122.6, 118.8, 118.4 and 112.1 (ArC or
bimiC), 66.2 (OCH,CH,), 49.0 (CH,), 43.7 (CH,), 15.9 (CH3). The carbene carbon
was not observed.

Preparation of complex [L4Ag] (PFe) (7)

This complex was prepared in a manner analogous to that for complex S, only

L*H,"(PFg); (0.200 g, 0.2 mmol) was used instead of L'H, (PF¢),. Yield: 0.191 g

26

Page 26 of 36



Page 27 of 36

CrystEngComm

(84%). M.p.: 239-241 °C. Anal. Calcd for C44H34AgF¢NeO4P: C, 54.84; H, 3.55; N,
8.72%. Found: C, 54.52; H, 3.67; N, 8.44%. '"H NMR (400 MHz, DMSO-dc): J 4.46
(t, J = 4.4 Hz, 4H, CH,), 5.15 (t, J = 4.4 Hz, 4H, CH,), 5.99 (s, 4H, CH,), 7.07 (J =
4.1 Hz, 2H, ArH), 7.35 (d, J = 8.0 Hz,, 2H, ArH), 7.49 (m, 8H, ArH), 7.74 (m, 4H,
ArH), 7.80 (J = 7.6 Hz, 2H, ArH), 7.96 (d, J = 8.0 Hz, 2H, ArH), 8.38 (d, J = 4.0 Hz,
2H, ArH). >C NMR (100 MHz, DMSO-dq): 6 182.7 and 180.4 (C=0), 157.4, 155.7,
149.1, 136.9, 134.4, 134.1, 133.7, 132.3, 124.1, 123.9, 122.8, 122.3, 121.7, 118.8,
118.4, 112.4 and 112.1 (ArC or bimiC), 65.9 (OCH,CH>), 53.4 (CH»), 48.7 (CHa).
The carbene carbon was not observed.

Cyclic voltammetry experiment

Cyclic voltammetry experiments were measured using HSV-110 (Automatic
Polarization System), HOKUTO DENKO (HD) at a scan rate of 50 mV/s for 5-7. The
electrolyte is 0.1 M tetrabutylammonium tetrafluoroborate ("BusNBF,). The
conventional three-electrode electrochemical cell including the Pt foil electrode as a
working electrode, a Pt wire as a counter electrode, and a saturated calomel electrode
as a reference electrode was used.

X-ray data collection and structure determinations

X-ray single-crystal diffraction data for complexes 1-7 were collected by using a
Bruker Apex II CCD diffractometer at 173(2) K for 1, 2 and 4-7 and 296(2) K for 3
with Mo-Ka radiation (A = 0.71073 A) by w scan mode. There was no evidence of
crystal decay during data collection in all cases. Semiempirical absorption corrections
were applied by using SADABS and the program SAINT was used for integration of
the diffraction profiles.*® All structures were solved by direct methods by using the
SHELXS program of the SHELXTL package and refined with SHELXL! by the full-
matrix least-squares methods with anisotropic thermal parameters for all non-

hydrogen atoms on F~. Hydrogen atoms bonded to C atoms were placed geometrically
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and presumably solvent H atoms were first located in difference Fourier maps and

then fixed in the calculated sites. Further details for crystallographic data and

structural analysis are listed in Table 1 and Table 2. Fig.s were generated by using

Crystal-Maker.32

Table 1 Summary of crystalographic data for complexes 1-3

1 2-CH;CN 3:0.25DMSO
Chemical formula CreHg:BroHgsNsOs gﬁ?cs;?gthz;OAp C() 1.42% BII\{/IgS%\I 20,
Formula weight 2298.58 1558.51 716.19
Cryst syst Monoclinic Monoclinic Triclinic
Space group P2y/c P2,/c P1
a, A 17.792(1) 9.108(2) 8.908(4)
b, A 17.744(1) 15.513(3) 14.540(3)
c, A 28.263(1) 30.601(7) 15.730(3)
a, deg 90 90 71.4 (7)
B, deg 97.5 (2) 90.4 (7) 89.9 (8)
7, deg 90 90 77.6 (7)
VA’ 8846.8(1) 4323.5(1) 1882.4(7)
A 4 4 4
Deatet; Mg m™ 1.726 2.394 2.527
Abs coeff, mm" 7.955 9.995 11.492
F(000) 4360 2856 1298
Cryst size, mm 0.18x0.17x0.15  0.18x0.17x0.16 0.18x0.17x0.16
Onmins Omax, deg 1.15,25.01 2.59,28.32 2.35,28.48
K 173(2) 173(2) 296(2)
No. of data collected 44964 9979 9505
No. of unique data 15577 7622 6588
No. of  refined 917 497 421
Goodness-of-fit on 1,076 1.098 1.016
Final R indices” [I >
20(D)]
R 0.0495 0.0422 0.0470
WR, 0.1117 0.0976 0.1257
R indices (all data)
R 0.0732 0.0473 0.0508
WR, 0.1170 0.0996 0.1297
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“‘GOF = [Ew(FOZ— Fcz)z/(n-p)]l/z, where 7 is the number of reflection and p is the
number of parameters refined. Ry = X(||F| - |Fe||)/Z|F.|; wRy = [E[W(Fy - F&)* ]/

EW(FOZ)Z] 1/2.

Table 2 Summary of crystalographic data for complexes 4-7

4:1.5DMSO 5 6-DMSO 7-DMSO0-2.5H,0
Chemical C44H34HgI;NgO, CosHnsAgFN,O,P Ci¢H3AgFsN,OP  CyyH3 AgFgNO4P
formula -1.5DMSO ‘DMSO ‘DMS0-2.5H,0
Formula weight  1736.74 737.38 915.62 1086.78
Cryst syst Monoclinic Monoclinic Rhombohedral Triclinic
Space group P2y/n P2/c R; Pi
a, A 12.513(9) 14.903(4) 29.601(6) 12.716(3)
b, A 26.971(9) 14.579(9) 29.601(6) 14.533(2)
c, A 16.546(0) 15.114(8) 22.500(3) 14.628(2)
a, deg 90 90 90 62.5 (8)
B, deg 92.4 (1) 117.7 (7) 90 83.1(5)
7, deg 90 90 120 74.1 (1)
VA 5579.7(6) 2905.9(4) 17074(2) 2308.1(6)
Z 4 4 18 2
Deaea; Mgm™ 2067 1.685 1.603 1.564
Abs coeff, mm” 7813 0.830 0.708 0.600
F(000) 3228 1488 8388 1110
Crystsize, mm .18 x0.17 x0.16  0.18 x0.17 x0.16  0.18 x 0.17 x 0.16  0.18 x 0.17 x 0.16
Oriny Omax, deg 2.46,27.89 2.79,28.34 1.20,25.01 2.30,28.18
I,K 173(2) 173(2) 173(2) 173(2)
iﬁiect;f data ) eses 8345 29535 10551
No. of unique
data 9822 5112 6693 7986
No. of refined 419 482 629
params
S;j;gﬂless’(’f'ﬁt 1.071 1.056 1.065 1.037
Final R indices’
(1> 20(1)]
R 0.0607 0.0325 0.1147 0.0548
WR, 0.1696 0.0866 0.2926 0.1317
R indices (all
data)
R 0.0695 0.0356 0.1483 0.0765
WR, 0.1747 0.0894 0.3146 0.1485
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“‘GOF = [Ew(FOZ— Fcz)z/(n-p)]l/z, where 7 is the number of reflection and p is the
number of parameters refined. Ry = X(||F| - |Fe||)/Z|F.|; wRy = [E[W(Fy - F&)* ]/
SwF.2A",
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