1106 Bull. Korean Chem. So2002 Vol. 23, No. 8 Yun Ju Kim et al.

Molecular Strands and Related Properties of Silver(l) Triflate with
3,3’-Oxybispyridine vs 3,3’-Thiobispyridine

Yun Ju Kim, Young-A Lee, Ki-Min Park, T Hee K. Chae* and Ok-Sang Jung

Materials Chemistry Laboratory, Korea Institute of Science and Technology, Seoul 136-791, Korea
"Research Institute of Natural Science, Gyeongsang National University, Jinju 660-701, Korea
*Depertment of Chemistry, Hankuk University of Foreign Studies, Yongin 449-791, Korea

Received May 10, 2002

Studies on subtle spacer ligand effects of AgET with 3,3-Py.X (X = O vs S) have been carried out. The
reaction of AgCESG; with 3,3’-PyO and 3,3’-PyS produces [Ag(CES50s)(3,3’-Py0)] and [Ag(3,3™-PyS)]
(CFsSQy), respectively. Crystallographic characterization of [Ag®®:)(3,3-Py0)] (monoclinicP1, a=

8.405(2) Ab=10.714(2) Ac = 18.031(2) Aa = 77.36(2) 3= 107.83(2)°y= 66.92(2)V = 1438.0(5) R Z= 2,

R =0.0486) reveals that the skeletal structure is an anion-bridged double-strand. The double-strands are packed
like a plywood. The framework of [Ag(3,3-B$)](CRSQ;) (orthorhombicPcah a=17.330(2) A,b=
8.640(1) A,c=19.933(6) AV =2985(1) B, Z=8,R=0.0437) is a sinusoidal single-strand. The formation

of each coordination polymer appears to be primarily associated with the donating ability and the conforma-
tional energy barrier of the spacer ligands. Thermal analyses indicate that {8@L(8,3'-Py.0)] and
[Ag(3,3-Py.S)](CRSQs) are stable up to 25€ and 210°C, respectively. For the anion exchangeability, the
nature of the spacer ligand is more significant factor than the distance of silver(l)---triflate.
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Introduction

= =
| I
Rational design strategies for functional coordination Nx Y N
motifs are now of great interest due to applicable propertie
such as electrical conductdrsmolecular magnets! host- X =0, 3,3-Py,0; X =8, 3,3-Py,S
guest molecule$!! crystal bending materiatd,and nonli-
near optical materiafs. Such desirable coordination poly Experimental Section

mers have been constructed by selecting the coordination
geometry of central metals, the structure of spacer ligands, Materials and Measurements Silver(1) triflate (AgCESQy)
the nature of counterions, and the reaction condifiéhln was purchased from Aldrich Chemical Co, and used without
particular, delicate differences between spacer ligands mafrther purification. 3,3’-PyO and 3,3'-PyS were prepared
significantly affect the formation of the coordination poly- according to the literature procedufé&lemental analyses
mers. We previously reported that the reaction of Ag(l) with(C, H, N) were performed on crystalline samples by the
3,3'-chalcogenobispyridine (3,3-R¢; X =0, S) results in  Advanced Analytical Center at KIST with a Perkin-Elmer
the formation of cylindrical helices and that the helices2400 CHNS Analyzer. Thermal analyses were carried out
reversibly stretch via counteranion exchafif@.3,3-Oxy- under dinitrogen atmosphere at a scan rate 8€4Qin with
bispyridine (3,3'-Py0) and 3,3’-thiobispyridine (3,3"-B$) a Stanton Red Croft TG 100. X-ray powder diffraction data
as spacer ligands have similar angular and flexible comwere recorded on a Rigaku RINT/DMAX-2500 diffrac-
ponents that possess non-rigid interannular dihedral angldemeter at 40 kV, 126 mA for CudK Infrared spectra were
between two pyridyl group®2® However, both anions obtained on a Perkin Elmer 16F PC FTIR spectrophotometer
exhibit delicate differences in the size, lone-pair delocalizawith samples prepared as KBr pellet.
tion, conformational energy barrier, and donating ability. Preparation of [Ag(CFsS0;5)(3,3'-Py.0)]. A methanol

In order to scrutinize differences in bonding effectssolution (5 mL) of 3,3'-PyO (65 mg, 0.3 mmol) was slowly
between the 3,3-B$ and 3,3'-PyO, we describe the diffused into an aqueous solution (5 mL) of AgS6; (77
studies on the structures and related properties of Ag(ling, 0.3 mmol). Colorless crystals of [Ag(§©s)(3,3'-
CRSG; with 3,3-Py0 vs 3,3-PyS. Trifluoromethanesul-  Py,0)] suitable for crystallographic characterization formed
fonate (CESGs™: triflate) is a common, readily available at the interface, and were obtained in 7 days in 83% yield.
(counter)anion, which coordinates relatively weakly to metalMp: 250-251°C (dec). Found: C, 30.60; H, 1.83; N, 6.38.
centers. The triflate anion has been known as a weak bagsal. Calcd for GHsN2AgF04S: C, 30.79; H, 1.88; N,
and hence as a good leaving grétp. 6.58. IR (KBr, cnm): v(SQy), 1264(s).
: - - : - Preparation of [Ag(3,3-Py.S)](CFsSQs). The diffusion
5%;g;eé?r%g?l':ngkzjulmSE@PKE_?ZS2_2_958_5086’ Fax: +82-2-958 ¢ - methanol solution (6 mL) of 3,3-F (60 mg, 0.3
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mmol) into an aqueous solution (6 mL) of AgSBs (77 hydrogen atoms were refined anisotropically. Hydrogen
mg, 0.3 mmol) afforded the colorless crystals of [Ag®)}  atoms were placed in calculated positions and refined only
(CRSGs) in 85% yield. Mp: 213-220C (dec). Found: C, for the isotropic thermal factors. Crystal parameters and
29.50; H, 1.78; N, 6.30. Anal Calcd for8sN.AgF:0sS,: procedural information corresponding to data collection and
C, 29.68; H, 1.81; N, 6.29. IR (KBr, ¢fx v(SOs), 1250 (s).  structure refinement are given in Table 1.

Anion Exchange The procedure of a typical anion Crystallographic data for the structures reported here have
exchange is outlined: an aqueous solution (5 mL) of NaBFbeen deposited with the Cambridge Crystallographic Data
(35 mg, 0.32 mmol) was added to a suspension of micro€etre (Deposition No. CCDC-187885 and CCDC-187886).
crystalline [Ag(CESG;)(3,3-Py:0)] (43 mg, 0.10 mmol) in  The data can be obtained free of chawige http://www.
water (5 mL). The reaction mixture was stirred at roomccdc.cam.ac.uk/perl/catreqg/catreq.cgir from the CCDC,
temperature, and the precipitates after 1, 3, 6, 12, and 2412 Union Road, Cambridge CB2 1EZ, UK; fax: +44 1233
were monitored by IR spectra. After 24 h, the reaction336033; e-mail: deposit@ccdc.cam.ac.uk).
mixture was filtered, and washed with several aliquots of
water and methanol. Found: C, 32.60; H, 2.16; N, 7.65. Results and Discussion
Anal. Calcd for GoHsNOBF,Ag prepared by the anion
exchange: C, 32.74; H, 2.20; N, 7.64. The anion exchange of Synthesis The reaction of AgC§0; with 3,3'-Py0 and
[Ag(CFsS0s)(3,3-Py:0)] with other anions, CIQ and Pk, 3,3-Py.S in appropriate solvents affords [Ag(#5©s)(3,3'-
were similarly achieved. The exchanged species still give #y,0)] and [Ag(3,3'-PyS)](CRS0s), respectively (Scheme
sharp X-ray powder diffraction pattern. The anion exchangel). Elemental analyses confirm that both products are 1:1
of [AQ(3,3-Py.S)](CRSOs) with above anions were (Ag: PwX (X =0, S)) adducts. The molecular formulae of
attempted. the two compounds are very similar, but their infinite

X-ray Crystallography. All X-ray data were collected on structures are basically different, which will be explained in
an Enraf-Nonius CAD4 automatic diffractometer with gra- detail. The reactions are independent of the variation of the
phite-monochromated Mo d&< (A =0.71073 A) at ambient mole ratio, reaction time, and concentration, indicating that
temperature. Unit cell dimensions were based on 25 wellthe products are favorable species. Moreover, when acetone
centered reflections by using a least-square procedurer ethanol was used as a solvent instead of methanol, the
During the data collection, three standard reflections monisame products were obtained. The compounds are insoluble
tored after every hour did not reveal any systematic variatiomn water and common organic solvents, but are stable for
in intensity. The data were corrected for Lorentz andseveral days at pH = 3.5 9.0 aqueous suspensions.
polarization effects. Absorption effects were corrected by Crystal Structures. The crystallographic asymmetric unit
the empiricaly—scan method. The structures were solved byand extended structures of [Ag(§SK%)(Py:0)] are shown
the Patterson method (SHELXS 97) and refined by full-in Figure 1, and selected bond lengths and angles are listed
matrix least square techniques (SHELXL #¥7)Yhe non- in Table 2. There are two independent silver units in the

asymmetric region of the triclinic unit cell and the features
Table 1. X-ray Crystal Data and Details of Data Collections and of the two molecules are Wlthm error of be.mg |de_nt|cal. The
Structure Refinements Py,O spacer connects two silver ions to give a single strand
(Ag-N = 2.173(5)-2.196(5) A). The two single strands are

[A9(CFSOy) [Ag(3,3-Py.S)] double-bridged via one oxygen atom of the triflate anion in

(3.3-PyO)] (CRSG) “up and down” to give double strand (Ag-O = 2.555(6)-
Formula GiHeNAAQO,S  CuHgNoAG ROsS, 2.577(5) A), resulting in the approximately four-coordinate
Formula weight 429.13 445.19 Ag(l) ion. The Ag-O distances are comparable to the corre-
Space group Pl Pcab sponding bond in [AGNO3)3(Py.S)-2H,0].2® The dihedral
a(h) 8.405(2) 17.330(2) angles between two pyridine rings around O and Ag are
b (A) 10.714(2) 8.640(1) 80.5(2)-80.6(2. A salient feature is that the double strands
c(A) 18.031(2) 19.933(6) are packed like a plywood.
a(®) 77.36(2) The asymmetric unit and infinite structures of [Ag®Yy
B() 76.56(2)
y() 66.92(2)
V (A% 1438.0(5) 2984.6(1) 4 3,3°Py,0 [Ag(CF3803)(Py20)]
A 2 8 plywood structure consisting of double-strands
Dca (gcni®) 1.982 1.981 ARCF-S0
4, mn™ 1.599 1.674 Ea5s
Goodness-of-fiton¥  1.102 1.105
R [I>20(1)] R1 = 0.0486 0.0437 + 3.3-Py,S [Ag(Py»S)I(CF3503)

wR2 =0.1264 0.1234

sinusoidal single strands
RL = 3 |Fo-IFdlEIFd. wR2 = Sw(F~FAZywF:')'?, wherew =
1{ PF2+(@P)bP}, whereP = {Max(F.?, 0)+ 2F?}/3 Scheme 1
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Table 2 Selected Bond Lengths (A) and Bond AngRs (
[Ag(CFsSOy) [Ag(3,3-Py.S)]

(3,3-Py:0)] (CRSOy)
Ag(1)-N(2) 2.174(5) 2.167(5)
Ag(1)-N(1) 2.196(5) 2.172(5)
Ag(1)-0O(8)#1 2.560(6)
Ag(1)-0(8) 2.577(5)
Ag(2)-N(4) 2.173(5)
Ag(2)-N(3) 2.195(5)
Ag(2)-O(3)#2 2.555(6)
Ag(2)-0(3) 2.575(5)
0(3)-Ag(2)#2 2.555(6)
O(8)-Ag(L)#1 2.560(6)
N(2)-Ag(1)-N(1) 156.9(2) 157.5(2)
N(2)-Ag(1)-O(8)#1 110.2(2)
N(1)-Ag(1)-O(8)#1 92.0(2)
N(2)-Ag(1)-O(8) 99.5(2)
N(1)-Ag(1)-O(8) 91.9(2)
O(8)#1-Ag(1)-O(8) 75.1(2)
N(4)-Ag(2)-N(3) 156.9(2)
N(4)-Ag(2)-O(3)#2 110.1(2)
N(3)-Ag(2)-O(3)#2 92.1(2)
N(4)-Ag(2)-O(3) 99.7(2)
N(3)-Ag(2)-O(3) 92.0(2)
0(3)#2-Ag(2)-0(3) 74.8(2)

For[Ag(3,3'-Py.S)](CR:S0s), symmetry transformations used to generate
equivalent atomstl X, -y-1/2, z-1/2; #2 x, -y-1/2, z+1/2.

Figure 1. ORTEP view (top) and infinite structure (middle), and
space-filling (bottom) of [Ag(3,3'-P¥0)(CRSG;)]. Hydrogen
atoms and solvate molecules are omitted for clarity. For the infinite
structure, triflate moiety is presented as a circle.

(CRSGs) are shown in Figure 2, and selected bond length:
and angles are listed in Table 2. EachSPygand connects

two silver(l) ions in a bridged fashion to give a single strand. ! i ] !
The Ag-N bonds (2.172(5) A and 2.167(5) A) are not excep- : i e _
tional. The shortest distance of B (CRSQ;) (2.80 A) is

much longer than the corresponding length of [Ag&H) Figure 2. ORTEP view (top) and infinite space-filling (bottom)
(Py.0)]. However, the weak interaction is a partial respon-[Ag(3,3-Py:S)|(CRSQs). Hydrogen atoms and solvate moleci
sibility for the ideal linear geometry (N(1)-Ag-N(2) = 157.5 are omitted for clarity.
(2)°). The packing diagram indicates that the single strand is
a sinusoidal chain that is arrayed in alternateagind  [Ag(CF:SG;)(Py.0)] and [Ag(PYS)|(CRSG;) are thermally
cos@) fashion. The dihedral angle between two pyridinestable up to 250 and 228, respectively, in the solid state
rings within the PyS ligand is 74.4(2)while the dihedral (Figure 3). [Ag(CESO;)(Py.0)] shows a two-step weight
angle around Ag(l) ion is 34.1®@)The Py-S-Py angle loss in the temperature range 250-2Q@3and [Ag(PyS)]
(101.4(3Y) is much smaller than the corresponding angle(CFSOs) exhibits a similar thermal pattern in the range 213-
Py-O-Py (116.1(5) 116.0(5Y) of [Ag(CR:SGs)(Py.0)]. 410 °C. The two-step weight loss may be ascribed to the
Thermal Analyses The thermal analyses have been usedevaporation of the spacer and the anion. The thermal curves
to establish a relationship between structure and propesuggest that the anion-bridged double-strand, [AghCE)
ties}*® The traces of thermogravimetric analysis (TGA) (Py:0)], is more stable than the sinusoidal single-strand,
and differential scanning calorimetry (DSC) indicate that[Ag(Py.S)](CRSG;).
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and the appearance and growth of new anion bands (1058
100 [romerreeeee @pg cmi for BF,; 1090 cm for CIO,~; 836 cmi* for PR). The
80 anion exchanges were completed within 12 h (Figure 4). The
i elemental analysis and IR spectra of the exchanged species
6o B are coincident with those of the as-synthesized sarfijftes.
40 b We expected that the anion of [Ag@B)](CRSO;) could be
Rl S E SR § more easily exchanged since the anion is more labile.
X 2 , . ) . o However, the anion exchange of [AgiBY(CRSOs) is
% 0 200 400 600 800 slower than that of [Ag(GS0s)(Py:0O)]. The anions of
‘S [Ag(Py:S)](CRSQs) were not completely exchanged after
S j00bceeeeen. . o] ¢ 24 h. The anion exchangeability of these compounds seems
- @ to be governed by the nature of the spacer ligand rather than
80_‘ the distance of Ag(l)---GECs. The hydrophilicity-diffe-
60 F B rence between the two spacer ligands may play an important
- \ role in the anion exchange. Such an interconversion via the
40 I RS ° anion exchange may be applied to the development of a
20 AL PR § tailored strategy that cannot be approached by direct syn-
. | L . L thetic methods.
0 200 400 600 800 Construction of Each Molecular Strand Py,O and PyS

Figure 3. Overlay of TGA (M) and DSC (-) traces of [Ag(3,3'-
Py:0)(CRSQy)] (a) and [Ag(3,3-PyS)(CRSQy) (b), each
recorded at a heating rate of min™.

are similar noninnocent ligands that possess stable skewed
conformers with nonrigid interannular dihedral angles between

(a)

(b)
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Figure 4. IR spectra of [Ag(3,3-P¥D)(CRSGs)] (a), species
exchanged by BF (b), CIQ;™ (c), and PF (d). *denotes the bands

induced by each anion.

Anion Exchange For the present compounds, a typical

1200

1000 800 600
cm

-1

two pyridyl groups. The reaction of Ag())eF0O; with 3,3'-
Py.O affords a plywood structure consisting of double
strands while the treatment of Ag()§30; with 3,3'-PyS
produces a sinusoidal single strand. The formation of each
structure may be ascribed to the intrinsic properties of the
spacer ligands. There are delicate differences between the
two spacers in the size, the bond angle, the lone-pair delo-
calization of chalcogens, the conformational energy barrier,
and the donating ability of nitrogen atorkérst, the C-S-C
angle of 3,3'-PyS was smaller than the C-O-C angle of 3,3'-
Py,0.2% For the present works, the C-S-C angle (101°%(3)
significantly contracts relative to the corresponding C-O-C
angle in 3,3'-Py0O (116.1(6)). The contracted angle of the
bridged-bidentate spacer may be an obstacle in the forma-
tion of higher coordination number. Therefore, the 3,3SPy
spacer may afford the simple two-coordinate sinusoidal
structure in contrast to the four-coordinate double strand.
Second, the conformational energy barrier of 3,3SPig
slightly different from that of 3,3-P® 3*2The low energy
barrier seems to be an unfavorable factor in the formation of
crowded coordination. Third, the coordination numbers of
each Ag(l) ion may be induced by the donating ability of the
spacer ligands. The Ag-N bond lengths of [Ag®Y
(CRS0;) are slightly shorter than those of [Ag(SE:)
(Py.0)]. Furthermore, [Ag(CES0s)(Py:0)] is four-coor-
dinate Ag(l) whereas [Ag(R$)](CRSO;) approximates to
two-coordinate Ag(l). These facts indicate that the Lewis
basicity of 3,3'-PYyS is stronger than that of 3,3'-Fy.

In conclusion, the 3,3-BX spacers are a series of

anion exchange can occur since the triflate is a good leavinfascinating tectonic units without any serious strain in the

group.The anion exchange of [Ag(GEG;)(Py-0)] with X~

formation of various coordination polymers. A direct com-

(X"=BF4, CIOs, and PE) was accomplished in a typical parison between 3,3'-B$ and 3,3’-PyO demonstrates that

aqueous media. To investigate the exchange procedure, ttiee delicate difference in intrinsic nature acts as a crucial
anion exchange was monitored by the characteristic IRactor in the construction of molecular materials. In parti-
bands of the aniorf§?* The infrared spectra show the cular, exchangable triflate is useful in generating new

gradual disappearance of intense®XB;~ bands (1264 ci)

species that cannot be approached by direct synthetic
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methods. For the present works, the anion exchangeability is

strongly dependent upon the nature of a spacer ligand rathé?-
than the distance of silver(l)---triflate. The delicate diffe-
rences may contribute to the development of useful mole-
cular-based materials. 17.
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