%35 5% 8 W Al 1k 2% 2% Eild Vol.35 No.8
2019 4£ 8 CHINESE JOURNAL OF INORGANIC CHEMISTRY 1436-1444

ETF 3,6-—2-4-FFEFMEE))-4,5- " FZ+-3,5-F )%
BN B EE Ag(DEE SN E RS Rk s

AT X M R 43 AR ZEFH
(b RIFE R FAF T S A FF R Fd 250014)
CURMBERFUZEAREILFR TH  266590)
ChHFRFLFHIFR ST 210023)

WE. 3,6- Q@ RMIEIFMEIL)4,5- A3, 5-F BB (L) SR 50 T RSB T 2 /55K 37 5 010 5 S0 0 1 &
W[ Agg(L)s](BFy)s- CH:CL - 3CHOH (1)F[Agy(L)s(PFe).- CHCL (2), 8320 4h T5 26407 X 562 0 5 07 53 25 4 00 - Bt P A R 45 40
HEAT T A, SERFEV 2 B AW L BRI R AL A R0 P 05 91 55 T 5 5 A o e — e e A

IR, SUR RBECA, BB G Y, A
RES XS, 0614.122 XEARIRG , A XEHS . 1001-4861(2019)08-1436-09
DOI;10.11862/CJ1C.2019.174

Syntheses and Crystal Structures of Two Discrete Complexes Generated from
3,6-Bis(2-(4-oxide-quinoxaline)-yl)-4,5-diaza-3,5-octadiene and Ag(I) Salt
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Abstract: Two novel discrete complexes with Ag(I) centers based on the double Schiff-base ligand, 3,6-bis(2-(4-
oxide-quinoxaline)-yl)-4,5-diaza-3,5-octadiene (L), have been synthesized. The obtained Ag(I) complexes, [Ags(L)s]
(BF,)s - CH,Cl, - 3CH;0H (1) and [Agy(L),] (PFg)s - CH,CL, (2), were fully characterized by infrared spectroscopy,
elemental analysis, and single-crystal X-ray diffraction. Both complexes exist as dimers. Through hydrogen bonds,

uncoordinated counter ions and discrete molecular complex building blocks formed one-dimensional (1D) or two-

dimensional (2D) frameworks. CCDC:1838857, 1; 1838858, 2.
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0 Introduction separation™,  luminescence™”,  catalysis™? and
magnetic properties!'!, pronounced interest has been

Due to their novel structural topologies and focused on new discrete compounds and coordination
potential applications in gas storage!”, adsorption and polymers based on polydentate organic ligands. Of all
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factors in the process of constructing coordination
compounds, such as coordination orientation of metal
ions, counter- anions, template effect of solvent, the
most important is the coordination ability, length,
geometry and conformation of the organic ligands ™.
Therefore, for a long time, a variety of organic ligands
have been synthesized and used as building blocks to
construct CPs with novel topological structures. One
of continuing project in our laboratory has been the
development of organometallic coordination compounds

Schiff-base

pyridine, pyrazine, and quinoxaline diazene as the
[13]

generated from double ligands  with

terminal binding groups Our previous research
demonstrated that such types of ligands were very
useful to construct novel polymeric and discrete
complexes due to their zigzag conformation of the
spacer moiety (-RC=N-N=CR-) between two terminal
coordination groups!™. Moreover, Ag(I), as a soft Lewis
acid, may adopt various coordination modes such as
linear, trigonal planar, trigonal pyramidal, and
tetrahedral coordination geometries . In this context,

double Schiff-base ligand, 3,6-bis(2-
(4-oxide-quinoxaline)-yl)-4, 5-diaza-3, 5-octadiene (L)

we design a

(Scheme 1) ™. More novel coordination compounds
may be obtained with the quinoxaline-N-oxide as the
terminal binding groups. Additionally, the O atoms of
quinoxaline-N-oxide can serve as potential binding
sites and H-bond acceptors forming hydrogen bonds
with solvent molecules. In this paper, based on this
novel functional ligand, two silver complexes, [Agy(L)s]
(BFy)s- CH,Cl,-3CH;0H (1) and [Agy(L)s|(PFe)s - CHCl,
(2), are successfully synthesized and the crystal
structures are determined. As reported in other
articles"®, the complex hydrogen bonding systems exist

in the above two complexes.
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Scheme 1 Schiff-base ligand used in the construction of

coordination compounds

1 Experimental

1.1 Materials and measurements

AgBF, and AgPFs (Acros) were purchased and
used as obtained without further purification. The
ligand L. was synthesized according to the literature!™.
Infrared (IR) samples were prepared as KBr pellets,
and spectra were obtained in the 400~4 000 cm™
range using a Perkin-Elmer 1600 FT-IR spectrometer.
Elemental analyses were performed on a Perkin-Elmer
model 2400 analyzer.
1.2 Synthesis of 1

A solution of AgBF, (23.1 mg, 0.12 mmol) in
CH;OH
L (12.0 mg, 0.03 mmol) in CH,)CI, (8 mL). Yellow
crystals are formed in about 7 days in 50.7% yield
(based on AgBF,). Anal. Caled. for CigH,;7%BsNgO o3,
AgiCly(%): C, 43.70; H, 3.52; N, 13.60. Found(%): C,
43.26; H, 3.45; N, 13.79. IR (KBr pellet, cm™): 3 449
(s), 1 636 (m), 1 575 (w), 1 524 (w), 1 490 (w), 1 457
(w), 1 401 (s), 1 249 (w), 1 218 (w), 1 085 (m), 910
(w), 856 (w), 771 (w), 625 (w).
1.3 Synthesis of 2

A solution of AgPFs (30.3 mg, 0.12 mmol) in
CH;0H (8 mL) was slowly diffused into a solution of
L (12.0 mg, 0.03 mmol) in CH,Cl, (8 mL). Yellow
crystals were formed in about 7 days in 24.3% yield
(based on AgPF¢). Anal. Caled. for CgHgpNyOgkyPy
Ag,Cly(%): C, 39.58; H, 3.04; N, 12.45. Found(%): C,
38.65; H, 3.15; N, 11.61. IR (KBr pellet, cm™): 3 417
(s), 3 120 (w), 1 638 (m), 1 617 (m), 1 578 (m), 1 522
(w), 1 492 (m), 1 459 (w), 1 400 (s), 1 375 (s), 1 277
(w), 1250 (w), 1 216 (w), 1 136 (w), 1 098 (w), 1 050
(w), 982 (w), 942 (w), 910 (w), 838 (s), 771 (m), 557 (m).
1.4 Determination of crystal structure

(8 mL) was slowly diffused into a solution of

Suitable single crystals of 1 and 2 were selected
and mounted in air onto thin glass fibers. X-ray
intensity data were measured at 298(2) K on a Bruker
SMART APEX CCD-based diffractometer (Mo Ko
radiation, A=0.071 073 nm). The raw frame data for 1
and 2 were integrated into SHELX-format reflection
files and corrected for Lorentz and polarization effects

using SAINT!".. Corrections for incident and diffracted
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beam adsorption effects were applied using SADABS!™, Crystallographic data for 1 and 2 are listed in Table
None of the crystals showed evidence of crystal decay 1. Selected bond lengths and bond angles are listed in
during data collection. The structures were solved by Table 2. Hydrogen bond lengths and bond angles are
a combination of direct methods and difference listed in Table 3.

Fourier syntheses and structural analysis refined CCDC:1838857, 1; 1838858, 2.

against F'? by the full-matrix least squares technique.

Table 1 Crystallographic data for 1 and 2

Complex 1 2
Formula CisoH17:BsNagO1oF A ggCly CgoHpN»OgFuPsA2,Cly
Formula weight 494201 2 698.05
Crystal system Orthorhombic Triclinic
Space group Pbca P1
a/nm 1.501 40(1) 1.535 4(4)
b/ nm 1.835 08(1) 1.930 6(5)
¢/ nm 3.679 0(1) 2.040 6(6)
al(°) 104.926(4)
B/ 99.426(4)
v/ (°) 98.671(4)
VI nm? 10.136 3(2) 5.647(3)
Z 2 2
D/ (g-em™) 1.619 1.587
u(Mo Ka) / mm™ 0.885 0.888
F(000) 4960 2 692
GOF on F? 1.044 0.973
Ry, wRy [I>20(1)] 0.061 5,0.174 6 0.060 4, 0.154 4
R, wR; (all data) 0.108 7, 0.198 1 0.100 6, 0.170 6
Largest difference peak and hole / (e*nm™) 960 and -1 070 1770 and -1 230

CR=SNE)-ENZIE): " wR=[ X w(F~F S w(F2)".

Table 2 Selected bond lengths (nm) and bond angles (°) of complexes 1 and 2

1
Ag(1)-N(10) 0.242 3(5) Ag(1)-N@3) 0.242 7(5) Ag(2)-N(5) 0.224 6(5)
Ag(1)-N(1) 0.223 6(5) Ag(2)-N@) 0.243 4(5) Ag(2)-N(7) 0.222 4(5)
Ag(1)-N(11) 0.224 4(5) Ag(2)-N©) 0.239 6(5)

N(1)-Ag(1)-N(11) 158.6(17) N(1)-Ag(1)-N(10) 127.9(17) N(1)-Ag(1)-N(3) 69.68(17)
N(10)-Ag(1)-N(3) 96.4(16) N(11)-Ag(1)-N(10) 69.5(16) N(11)-Ag(1)-N(3) 125.1(17)
N(5)-Ag(2)-N(4) 69.4(17) N(5)-Ag(2)-N(9) 127.9(18) N(7)-Ag(2)-N(4) 134.4(18)
N(7)-Ag(2)-N(5) 152.4(18) N(7)-Ag(2)-N(9) 69.9(17) N(9)-Ag(2)-N(4) 97.6(17)

2
Ag(1)-N(11) 0.223 7(4) Ag(1)-N(1) 0.226 4(4) Ag(1)-N(3) 0.237 3(4)
Ag(1)-N(10) 0.247 3(4) Ag(2)-N(5) 0.220 8(5) Ag(2)-N(7) 0.222 3(5)
Ag(2)-N(@) 0.237 4(5) Ag(2)-N©) 0.239 8(5) Ag(3)-N(23) 0.228 4(5)
Ag(3)-N(13) 0.222 3(4) Ag(3)-N(15) 0.241 5(5) Ag(3)-N(22) 0.236 9(4)
Ag(4)-N(17) 0.224 8(5) Ag(4)-N(19) 0.225 2(5) Ag(4)-N(16) 0.239 4(5)
Ag(4)-N(21) 0.235 3(5)
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Continued Table 2

N(11)-Ag(1)-N(1) 148.98(16) N(11)-Ag(1)-N(3) 129.24(14) N(1)-Ag(1)-N(3) 68.71(15)
N(11)-Ag(1)-N(10) 69.13(16) N(1)-Ag(1)-N(10) 138.76(15) N(3)-Ag(1)-N(10) 99.54(15)
N(5)-Ag(2)-N(7) 147.89(17) N(5)-Ag(2)-N(4) 70.95(16) N(7)-Ag(2)-N(4) 137.19(15)
N(5)-Ag(2)-N(9) 129.72(15) N(7)-Ag(2)-N(9) 69.25(16) N(4)-Ag(2)-N(9) 100.02(15)
N(23)-Ag(3)-N(13) 139.91(17) N(23)-Ag(3)-N(15) 124.90(17) N(13)-Ag(3)-N(15) 70.09(17)
N(23)-Ag(3)-N(22) 71.28(17) N(13)-Ag(3)-N(22) 146.62(17) N(15)-Ag(3)-N(22) 103.97(15)
N(17)-Ag(4)-N(19) 134.95(19) N(17)-Ag(4)-N(16) 70.44(16) N(19)-Ag(4)-N(16) 149.63(18)
N(17)-Ag(4)-N(21) 131.3(2) N(19)-Ag(4)-N(21) 70.20(18) N(16)-Ag(4)-N(21) 107.35(16)
Table 3 Structural parameters of hydrogen bonds for complexes 1 and 2
D-H--A d(D-H) / nm d(H-+-A) / nm d(D---A) / nm ZDHA / (°)
1
C(24)-H(24) ---0(1) 0.093 0.257 0.330 5(9) 136.0
C(2)-H(2)-- 0( ) 0.093 0.230 0.311 4(8) 146.4
C(43)-H(43)---0(4) 0.093 0.254 0.331 6(9) 141.5
C(35)-H(35A)--F(3)* 0.097 0.260 0.348 3(10) 150.0
C(11)-H(11F)---F(5) 0.096 0.262 0.328 9(10) 125.1
2
C(5)-H(5)--- 01" 0.093 0.237 0.319 146
C(76)-H(76A)---0(2) 0.097 0.245 0.339 162
C(73)-H(73)---0(2) 0.093 0.244 0.328 151
C(51)-H(51)---0(3) 0.093 0.262 0.350 158
C(7)-H(7)---0(5) 0.093 0.249 0.335 154
C(10)-H(10B)---0(5) 0.097 0.292 0.366 134
C(55)-H(55A)---0(6) 0.096 0.277 0.353 137
C(57)-H(57A)--0(6) 0.097 0.294 0.364 130
C(24)-H(24A)---O(7) 0.097 0.269 0.347 138
C(27)-H(27)---0(7) 0.093 0.261 0.340 143
C(82)-H(82)---O(8)" 0.093 0.265 0.336 134
C(79)-H(79B)---0(8) 0.097 0.230 0315 146
C(44)-H(44C)---F(23) 0.096 0.246 0.324 139
C(86)-H(86)---F(24) 0.093 0.279 0.348 131
C(10)-H(10B)---F(21) 0.097 0.266 0.343 137
C(55)-H(55C)---F(21) 0.096 0.287 0.376 156
C(87)-H(87)---F(22) 0.093 0.249 0.335 153
C(57)-H(57B)--F(22) 0.097 0.272 0.364 160
C(77)-H(77C)---F(14) 0.096 0.245 0.335 155
C(14)-H(14)---F(16) 0.093 0.251 0.341 161
C(68)-H(68)-+-F(13) 0.093 0.286 0.370 151
C(23)-H(23C)---F(5) 0.096 0.276 0.367 158
C(23)-H(23C)---F(3)" 0.096 0.253 0.336 145
C(21)-H(21A)- - -F(1)" 0.097 0.274 0.364 154
C(10)-H(10A)--F(7) 0.097 0.239 0.327 150
C(76)-H(76B)---F(12)¥ 0.097 0.287 0.355 164
C(78)-H(78C)---F(12)* 0.096 0.260 0.359 133
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Continued Table 3

C(65)=H(65)-+-F(6)" 0.093
C(79)-H(79A)---F(6) 0.097
C37)-HB7)--F16)™ 0.093
C(43)-H43A)--F18)" 0.097
C(77)-H(TTC)--F(18)* 0.096
C(14)-H(14)--- FA 7)™ 0.093
C(69)-H(69)---F(15)" 0.093
C(76)-H(76B)---F(8) 0.097
C(46)-H(46)---F(8) 0.093

0.251 0.324 135
0.250 0.335 147
0.270 0.348 142
0.257 0.333 136
0.266 0.339 133
0.258 0.326 130
0.248 0.327 142
0.268 0.349 141
0.260 0.346 153

Symmetry codes: ' x+1/2, y, =z+3/2; " x—1, y, z for 1; ¥ —x, 1=y, 1=z; ™ 1-x, 2—y, 1-z; ¥ =14x, =14y, z; ¥ 2—x, 2—y, —z; ¥ —1+x, ¥, z;

R 1-y, —z; iy 1+y, z; R 1-y, =z =14, y, 23 R 1-y, 1-z; i)y, 2—y, 1z for 2.

2 Results and discussion

2.1 Structural analysis of [Ags(L)s](BF,)s CH,Cl,
-3CH;0H (1)
Complex 1 was obtained as yellow crystals in
CH,Cl,/CH;0H
combination of L. and AgBF,

mixed  solvent  system  using
(metal-to-ligand molar
ratio 4:1) at room temperature. The X-ray single-crystal
analysis reveals that 1 crystallizes in the orthorhombic
space group Pbca and exists as a dimer. Complex 1
possesses a dinuclear chiral double-helical structure
with the Ag--- Ag distance of 0.439 6 nm. As indicated
in Fig.1, the asymmetric unit contains two crystallo-
graphic Ag(I) centers, two L ligands, two BF,™ anions,

a quarter CH,Cl,, and 0.75 CH;0H molecule. Each Ag

(I) center lies in a distorted tetrahedral coordination
environment defined by two quinoxaline N-donors and
two Schiff-base N-donors from two quadridentate
ligands, respectively. The dihedral angle between two
terminal benzene rings is 79.94°. BF,”
are bonded to the [Ag,)l,]** unit through weak F---H-C
bonds (F(3)---H(35A)-C(35), F(3)---H(35A) 0.260 nm,
F(5)---H(11F)-C(11"), F(5)---H(11F) 0.262 nm, Fig.2).
In the solid state, through three sets of hydrogen-

anions

bonding systems, the dinuclear subunits are linked

together to give one-dimensional helical chains
extending along the crystallographic ¢ axis, which

arrange in the crystallographic be plane in parallel

(Fig.3).

Probability of displacement ellipsoids: 30%; Two strands are colored as red and blue, respectively

Fig.1

ORTEP figure (left) and space-filling model (right) of 1
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Symmetry codes: " x—1, y, z

Fig.2 Hydrogen-bonds (dotted lines) between BF,~ anions and [Ag,l,J** unit

Hydrogen bonds are shown as orange and blue dotted lines; Symmetry codes: ' x+1/2, y, —z+3/2; " 1+«, v, z;

112, y, —z43/2; W —x+ 1/2, 42, —z+1/2; N —x, —y+2, —z+15 ¥ —at 1, —y+2, —z+1

Fig.3 One-dimensional helical chains of 1 (left) and crystal packing of 1 (right)

2.2 Structural analysis of [Ag,(L),(PF,),- CH,Cl,
(2)
The reaction of L with AgPFs in methanol/
methylene chloride at room temperature afforded
discrete complex 2 in 24.3% yield. Single-crystal

analysis reveals that complex 2 contains four types of

crystallographic independent Ag(I) ions (Fig.4). Each
Ag (I) ion is four-coordinated in an approximately
tetrahedral coordination environment, which is defined
by two quinoxaline N-donors and two Schiff-base N-
donors from two quadridentate ligands. The Ag-N
bond distances are in a range of 0.220 8 (5)~0.247 3(4)
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nm, all of which are within the range of those reported
for other Ag(I) complexes with N donors!. The
dihedral angles between two terminal benzene rings
are 60° and 75°, respectively. Additionally, the
complex features diverse non-clsssical hydrogen
bonding interactions (Fig.5). PF¢ anions are bonded to

the [Agl,[* units through weak F---H-C bonds

(Table 3). As shown in Fig.6, the dinuclear subunits
are linked together into a two-dimensional net
extending in the crystallographic bc¢ plane through
These

networks stack in an -ABAB- sequence along the

complicated  hydrogen-bonding  systems.

crystallographic a axis (Fig.7).

Probability of displacement ellipsoids: 30%; Four strands are colored as green, yellow, red and blue respectively

Fig.4 ORTEP figure (top) and space-filling model (below) of 2

[~

F13 %F.lsxvii

Hydrogen bonds are shown as blue dotted lines; Symmetry codes: ® —1+x, y, z; * 1-x, 1-y, —z;

iy 14y, z; R 1-y, =z ¥ =14, v, z; R 1-y, 1-z; wiD g, 2—y, 1=

Fig.5 Hydrogen-bonding systems between PF,~ anions and [Ag,L,]** unit
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Hydrogen bonds are shown as blue dotted lines; Symmetry codes: * —x, 1-y, 1-z;  1-x, 2—y, 1=z; ™ —1+4x, 14y, z; ¥ 2-x, 2—y, —z

Fig.6 Two dimensional hydrogen-bonded nets found in 2

Symmetry codes: " 1—x, 1-y, 1=z; ™ —x, 1y, 1=z; ™ 1—x, 2=y, 1=z; ™ l+4x, y, z; " x, =14y, z

Fig.7 Two dimensional nets stack parallel to crystallographic ab plane

3 Conclusions

In summary, a double Schiff-base ligand, namely
3,6-bis(2-(4-oxide-quinoxaline)-yl)-4,5-diaza-3,5-octad-
iene (L), was used as a polydentate ligand to coordinate
with  transition metal ions. Two novel discrete

complexes with Ag(I) centers have been synthesized

and structurally characterized. Both complexes exist
as dimers and the frameworks were formed via
hydrogen bonding interactions between uncoordinated
counter ions and the discrete building blocks. Further
investigations on supramolecular compounds based on
the double Schiff-base ligand with new structures and

multifunctional properties are ongoing in our group.
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