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Two new isomeric, flexible four-armed thioether pyridine-containing ligands 1,2,4,5-tetrakis(3-pyridylmethylsulfanyl-
methyl)benzene (3tet) and 1,2,4,5-tetrakis(4-pyridylmethylsulfanylmethyl)benzene (4tet) were prepared and
characterized. The ligand 3tet gave rise to three isomorphous 3-D networks when reacted with AgCIO, (1), AgPFs
(2), and AgCF3CO; (3). The topology of the resulting networks was that of the pyrite net. The ligand 4tet gave rise
to two isotopological 3-D networks when reacted with AgClO, (4-2MeCN-2CHCl3) and AgPFg (5-6MeCN). The
topology of these networks was that of the rutile net. A third type of 3-D network of previously unknown topology
was formed on reaction with AgCF;SO; (6-3H,0). The network showed nodes with short topological terms 42.6
and 44.62.87.102 All six networks were binodal and based on three-connected Ag(l) nodes and six-connected
ligand-centered nodes. In all of the networks the flexible ligands 3tet and 4tet showed two categories of ligand
geometry which in all but one case gave rise to an interligand three-layered st stack. The networks showed a
remarkable lack of dependence on the nature of the counterion and solvent.

Introduction the concept of facial segregatiériThe most commonly
encountered examples of this phenomenon in supramolecular
chemistry occur when benzene rings with six substituents
adopt an alternating ufdown—up—down—up—down pattern
relative to the plane of the ring for the six substituents. This

The use of ligands with multiple flexible arms, each
containing several donor atoms, presents a number of
challenges for the synthesis of coordination polymers, as the

erX|pIe portions of the_ arms do n(_)t generally behave in a has been applied to coordination polyméssthough it has
predictable mannérThis problem is further compounded . :
: : : . . also been found that other effects can override this segrega-
in complexes involving Ag(l) ions where subtle changes in _. . .

) e tion. Depending on the nature and positioning of the
anions or solvents used for crystallization have been seen to

S . N functionality built into an arm, facial segregation can be
lead to significant changes in overall coordinatiqrolymer superseded by the coordination requirements of the donor
architecture. Despite these limits on the controllability of P y q

o e
the resulting architectures, the structural diversity that is at?ms or mtetal '02' A fu;thgrlnumber t(.)f cr?ordmalltlog
created allows opportunities to gain a better understandingPC'YMer SyStéms showing facial segregation have aiso been

of the factors that lead to this diversity. One of the ways in seen v_vhere the ligands used have four flexible arms, rgther
which a degree of control has been introduced is through than six, attached to the benzene rirajthough once again
there are exceptions to the rdle.
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Chart 1 previously unknown topologies comprising both three- and

NP | -~ N | N | six-connected nodes.
|
X N N N . .
(8 gJ Experimental Section
S S S S General. The precursor 1,2,4,5-tetrakis(mercaptomethyl)benzene
was prepared by the literature methodll H, 13C, and two-

dimensional NMR spectra were measured with a 500 MHz Varian
UNITYINOVA spectrometer, at 298 K, and referenced to the internal

S S S S solvent signal. IR spectra were measured with a Perkin-Elmer
{j 6 H:j gj Spectrum BX FT-IR System, with samples in KBr disks. ESMS
| | | was carried out on a Shimadazu LCMSQP&Gpectrometer with
N XN N” SN a mass rangevz = 10—2000. Samples were injected by direct
3tet 4tet infusion using a Rheodyne manual injector. The mobile phase flow
rate was 0.2 mL mint and consisted of a 90% MeCN/10%®
ligands was an intramolecular three-layergdstack’>¢ solvent mixture. Elemental microanalyses were carried out at the

Following this work a new four-armed ligand, 1,2,4,5- Campbell Microanalytical Laboratory at the University of Otago.

tetrakis(2-pyridylmethylsulfanylmethyl)benzen2tdt) was Samples were predried under vacuum to remove volatile solvent
) . . residues.
synthesized? Its design was intended to allow for the

f . fani | lar th | eestacki i Caution. All perchlorate precursors and complexes should be
ormation of an intramolecular three-layereestacking moti treated as potentially explag and be prepared in small amounts.

and also to provide a possible route to two- or three- no problems were encountered during the synthesis and charac-
dimensional coordination polymers. However, in the only terization of the complexes prepared.

complex structurally characterized to date, {2tet)(NOs)], Ligands. Synthesis of 1,2,4,5-Tetrakis(3-pyridylmethylsulfa-
the ligand geometry led to ortho arms of the ligand chelating nylmethyl)benzene (3tet).1,2,4,5-Tetrakis(mercaptomethyl)ben-
to the same Cd(ll) ion, which resulted in the formation of zene (6.0 g, 23 mmol) was added to a solution of 3-picolylchloride
discrete dinuclear complexes. To promote the formation of hydrochloride (15 g, 0.91 mol) in 350 mL of 30:70 (v/v) &E1,/
coordination polymers, by reducing the ability of the ligands EtOH containing NaOH (8 g). The mixture was stirred for 24 h.
to chelate, the isomeric 3- and 4-pyridyl substituted ligands Solvent_was rem0\_/ed in vacuo to leave a pale yellow oily _solld.
1,2,4,5-tetrakis(3-pyridylmethylsulfanylmethyl)benzegy) The residue was dissolved in 400 mL of &}, and washed with
and 1,2,4,5-tetrakis(4-pyridylmethylsulfanylmethyl)benzene water (3x 400 mL). The organic portion was dried (Mg5cand

. ; solvent was removed in vacuo to give a yellow-orange oily solid.
(4tet) (Chart 1) have been synthesized. Reaction of theseThe crude solid was purified by column chromatography (neutral

two ligands with a series of Ag(l) salts has led to the 4ymina) eluting with CHGI to give 3tet as a pure pale brown
formation of three-dimensional coordination polymers. Those solid. Yield 5.0 g (35%). Anal. Calcd for GH3aN4SiH,0: C,
polymers incorporatin@tet were seen to be isomorphous, 63.31; H, 5.64; N, 8.69; S, 19.89%. Found: C, 62.97; H, 5.48; N,
while those that containedtet also showed very similar  8.31; S, 19.95%!H NMR (CDsCN): 8.46 (d,3J(HH) = 2.0 Hz,
arrangements of the ligands, despite the inherent flexibility. 4H), 8.43 (dd3J(HH) = 6.5 Hz,4)(HH) = 1.5 Hz, 4H), 7.64 (m,
The persistent similar arrangement of the ligands and 4H), 7.27 (m, 4H), 7.01 (s, 2H), 3.64 (s, 8H), 3.63 (s, 8H) ppm.
consequent structural similarities of the networks were *C NMR (CD:CN): 150.7, 149.0, 137.1, 135.9, 135.1, 1334,
unexpected given the flexibility of the ligand and the different 124-3, 34.1, 33.3 ppm. ESMS (MeCN): 628z [(3tefH]".
anions and solvents incorporated in the networks. They Selected IR (KBr)/cm!: 2913s, 1573s, 1477s, 1024s, 715s, 628s.

. Synthesis of 1,2,4,5-Tetrakis(4-pyridylmethylsulfanylmethyl)-
appear to arise largely from the tendency of the S donors Onbenzene (4tet).1,2,4,5-Tetrakis(mercaptomethyl)benzene (2.0 g,
the ortho arms to chelate to the same metal center thereb

oo L . ¥7.62 mmol) was added to a solution of 4-picolylchloride hydro-
locking in, to a significant degree, the conformation of the . oride (5.0 g, 30 mmol) in 600 mL of 30:70 (v/v) GEI,/EtOH

ligand. Interestingly, the intramolecular three-layenestack- containing NaOH (6 g). The mixture was stirred for 24 h. Solvent
ing motif was not seen, although a related interligand motif was removed in vacuo to leave a pale yellow residue. The residue
was predominant. Topological analyses of the resulting was dissolved in 400 mL of Ci€l,, filtered, and washed with water
network structures revealed them to be of either rare or (3 x 300 mL). The organic portion was dried (Mgg(and solvent
was removed in vacuo to give a brown solid. This was recrystallized
(5) (a) Steel, P. JAcc. Chem. Re€005 38, 243-250. (b) McMorran, from CH,Cl, and hexane to give a tan solid. Yield 1.4 g (30%).
D. A.; Steel, P. Jinorg. Chem. Commur2003 6, 43—47. (c) Reger, Anal. Calcd for GJH3z4N4Sy: C, 65.13; H, 5.48; N, 8.94; S, 20.46%.

D. L.; Semeniue, R. F.; Smith, M. Dnorg. Chem2001, 40, 6545~ Found: C, 65.24; H, 5.70; N, 8.95; S, 20.32%d.NMR (CDCl):
6546. (d) Hartshorn, C. M.; Steel, P.J1.Chem. Soc., Dalton Trans.

1998 3935-3940 8.55 (dd2J(HH) = 4.5 Hz,*J(HH) = 1.5 Hz, 8H), 7.20 (dd?J(HH)

(6) (a) Cordes, D. B.; Hanton, L. Rorg. Chem. Commur2005 8, 967— = 4.5 Hz,"J(HH) = 1.5 Hz, 8H), 6.89 (s, 2H), 3.57 (s, 8H), 3.56
970. (b) McMorran, D. A.; Hartshorn, C. M.; Steel, PRblyhedron (s, 8H) ppm1C NMR (CDCk): 150.1, 147.2, 134.9, 133.0, 123.9,
2004 23, 105571061, (c) McMorran, D. A.; Steel, P. Lhem. 356 328 ppm. ESMS (MeCN): 628z [(4tet)H]*. Selected IR

Commun2002 2120-2121. .
(7) (a) Caradoc-Davies, P. L.; Gregory, D. H.; Hanton, L. R.; Tunbull, (KBr)/cm™: 3024m, 2918m, 1598s, 1413s, 991s, 567s.

J. M. J. Chem. Soc., Dalton Tran®002 1574-1580. (b) Caradoc- Complexes.{[Ag2(3tet)](ClO4)2}» (1). AgCIO4 (33 mg, 0.16

_I'?;\’rigsyzgdl'--zi;l‘gﬂtzo?r‘és'--(5)-1C'ler2gggsggv?g’s-cget‘-_ SH%%analtor:? mmol) dissolved in 20 mL of degassed MeCN was added via
Chem. Commur2001, 1098-1099. (d) Caradoc-'Dailie-s‘, P.L.,; Hénfon; cannula ta3tet (50 mg, 80umol) dissolved in 20 mL of degassed

L. R.; Lee, K.Chem. Commur200Q 783-784. (e) Hanton, L. R,;
Lee, K.J. Chem. Soc., Dalton TrarZ00Q 1161-1166. (8) Vinod, T.; Hart, H.J. Org. Chem199Q 55, 881—890.
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Table 1. Crystallographic Data for Complexes

Cordes and Hanton

1 2 3 42MeCN-2CHCl3 5-6MeCN 6-3H.0
formula G7H17AQCIN2OsS,  Ci7Hi17AQFeN2PS  CigH17AgFsN20:S,  CogH21AQCIIN3O04S,  CasHzeAgFeNsPS  CigH20AgFsN2045S3
mol wt 520.77 566.29 534.34 681.19 689.45 597.41
cryst syst orthorhombic orthorhombic orthorhombic monoclinic monoclinic monoclinic
space group Pbca(No. 61) Pbca(No. 61) Pbca(No. 61) P2;/c (No. 14) P2;/c (No. 14) C2/c (No. 15)

a(A) 12.550(5) 12.708(5) 12.887(5) 14.085(2) 14.044(3) 20.100(11)

b (A) 13.508(5) 13.699(5) 14.284(5) 16.293(2) 16.321(3) 22.556(13)
c(A) 22.083(5) 22.252(5) 21.617(5) 12.489(1) 13.627(3) 14.617(9)

B (deg) 112.425(1) 115.186(2) 123.276(10)

U (A3) 3744(2) 3874(2) 3979(2) 2649.3(5) 2826.5(9) 5540(5)

z 8 8 8 4 8

T (K) 113(2) 118(2) 98(2) 163(2) 163(2) 113(2)

u (mm1) 1.470 1.402 1.269 1.354 0.980 0.999

no. of refins collected 16 822 11817 33064 33483 29 557 17 696

no. of unique 3689 (0.0652) 3917 (0.0997) 4077 (0.0344) 5453 (0.0254) 5777 (0.0309) 5419 (0.1224)
reflns Rint)

R1 indices [ > 20(1)] 0.0616 0.0448 0.0274 0.0430 0.0411 0.0597

wR2 (all data) 0.1963 0.0865 0.0689 0.1267 0.0939 0.1120

cryst size/mm 0.46x 0.39x 0.22 0.45x 0.24x 0.18 0.41x 0.30x 0.17 0.40x 0.20x 0.15 0.90x 0.70x 0.55 0.26x 0.25x 0.25
0 range 2.46-26.50 2.37-26.41 2.33-26.42 1.56-26.49 2.14-26.47 2.42-26.51
data/restraints/params  3689/20/291 3917/0/262 4077/0/290 5453/0/308 5777/0/346 5419/0/199

CH,ClI, and stirred for 3 days. The brown solid which precipitated
was filtered and dried in vacuo. Yield 60 mg (72%). Pale yellow
X-ray quality crystals were grown from the slow diffusion of a
CH,CI, solution of3tet layered with an MeCN solution of AgCLO
Anal. Calcd for G4H34aN40sS4,CloAQ,: C, 39.20; H, 3.30; N, 5.38;
S, 12.31; Cl, 6.81%. Found: C, 38.73; H, 3.30; N, 5.35; S, 12.01;
Cl, 6.88%. Selected IR (KBr)/cm: 2916m br Btet), 1579m Btet),
1479m @Btet), 1427m Btet), 1088s br (CIQ~), 1030m Btet), 708m
(3tet), 622m QBtet).

{[Ag2(3tet)](PFe)2} » (2). AQPFs (40 mg, 0.16 mmol) dissolved
in 20 mL of degassed MeCN was added via cannul8tet (50
mg, 80umol) dissolved in 20 mL of degassed &8, and stirred
3 days. The brown solid which precipitated was filtered and dried
in vacuo. Yield 37 mg (41%). Pale yellow X-ray quality crystals
were grown from the slow diffusion of a GBI, solution of 3tet
layered with an MeCN solution of AgRF Anal. Calcd for
CasHaaN4F12P2SAg: C, 36.05; H, 3.00; N, 4.95; S, 11.33%.
Found: C, 35.84; H, 2.97; N, 4.80; S, 11.36%. Selected IR (KBr)/
cmt 2916m br Btet), 1480w Btet), 1427m Btet), 840s br (PF),
707m Qtet), 558m Gtet).

{[Ag2(3tet)](CFsCOL)2} w (3). AGQCRCO; (34 mg, 0.16 mmol)

S, 12.12%. Selected IR (KBr)/cthi 2925m br §tet), 1607s br
(4tet), 1420m 4tet), 1081s br (CIQ™), 1009w @tet), 574m @Gtet).

{[Ag2(4tet)](PFs)2}  (5). AgPFs (40 mg, 0.16 mmol) dissolved
in 20 mL of degassed MeCN was added via cannuldté (50
mg, 80umol) dissolved in 20 mL of degassed g, and stirred
for 3 days. The tan solid which precipitated was filtered and dried
in vacuo. Yield 66 mg (73%). Yellow X-ray quality crystals of
5-6MeCN were grown from the slow diffusion of a CHg&3olution
of 4tet layered with CHCI, and an MeCN solution of AgRFAnal.
Calcd for GqH3aN4F1:P,S/Ag,: C, 36.05; H, 3.03; N, 4.95; S,
11.33%. Found: C, 36.42; H, 2.99; N, 4.87; S, 11.53%. Selected
IR (KBr)/cm™% 2927m br gtet), 1610s 4tet), 1423m @tet), 840s
br (PR~), 556m d@tet).

{[Ag2(4tet)](CF3SOs)2}» (6). AQCR:SO; (41 mg, 0.16 mmol)
dissolved in 20 mL of degassed MeCN was added via cannula to
4tet (50 mg, 80umol) dissolved in 20 mL of degassed &H,
and stirred overnight. The tan solid which precipitated was filtered
and dried in vacuo. Yield 66 mg (72%). Colorless X-ray quality
crystals of6-3H,0 were grown from the slow diffusion of a GH
Cl, solution of4tet layered with an MeCN solution of AgGBEG;.
Anal. Calcd for GsH34N4O6FsSsAg-3H,0: C, 36.18; H, 3.38; N,

dissolved in 20 mL of degassed MeCN was added via cannula to 4.69; S, 16.10%. Found: C, 35.90; H, 3.07; N, 4.25; S, 16.06%.

3tet (50 mg, 80umol) dissolved in 20 mL of degassed gt
and stirred overnight. The cream solid which precipitated was
filtered and dried in vacuo. Yield 62 mg (72%). Pale yellow X-ray
quality crystals were grown from the slow diffusion of a &H,
solution of3tet layered with an MeCN solution of AGGEO,. Anal.
Calcd for Q8H34N404FGS4A92’2H201 C, 41.30; H, 3.47; N, 5.07;
F, 10.32; S, 11.61%. Found: C, 41.22; H, 3.27; N, 5.03; F, 10.44;
S, 11.77%. Selected IR (KBr)/cth 2925m br Btet), 1685s
(CRCO;), 1578m @Btet), 1478w @tet), 1426m Btet), 1199s
(CRCOy), 1159m (CECO,7), 1117m br (CECO;7), 1029w @tet),
716m Qtet), 635m Qtet).

{[Ag2(4tet)](ClO4)2} » (4). AQCIO,4 (33 mg, 0.16 mmol) dissolved
in 20 mL of degassed MeCN was added via cannuldtet (50
mg, 80umol) dissolved in 20 mL of degassed &, and stirred
overnight. The tan solid which precipitated was filtered and dried
in vacuo. Yield 73 mg (88%). Pale yellow X-ray quality crystals
of 4-2MeCN-2CHCI; were grown from the slow diffusion of a
CHCl; solution of4tet layered with CHCI, and an MeCN solution
of AgCIO4 Anal. Calcd for Q4H34N40gS4C|2Agz‘Hzo: C, 38.53;
H, 3.43; N, 5.23; S, 12.11%. Found: C, 38.29; H, 3.20; N, 5.27;
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Selected IR (KBr)/cm®: 2923m br 4tet), 1609s 4tet), 1420m
(4tet), 1262m br (CESO;7), 1174m br (CESQ;), 1031m
(CRsS057), 572m @tet).

X-ray Crystallography. Diffraction data were collected at the
University of Canterbury, New Zealand, on a Bruker SMART CCD
diffractometer, with graphite-monochromated Mo K = 0.71073
A) radiation. Intensities were corrected for Lorentz polarization
effects? and a multiscan absorption correcttéwas applied. The
structures were solved by direct methods (SHEEXS SIR-972)
and refined onF2 using all data by full-matrix least-squares
procedures (SHELXL 97% All calculations were performed using

(9) SAINT, Area Detector Control and Integration Softwasrsion 4

Siemens Analytical X-ray Systems, Inc.: Madison, WI, 1996.

(10) Sheldrick, G. M.SADABS, Program for Absorption Correction
University of Gadtingen: Gitingen, Germany, 1996.

(11) Sheldrick, G. MActa Crystallogr., Sect. A99Q 46, 467—473.

(12) Altomare, A.; Burla, M. C.; Camalli, M.; Cascarano, G. L.; Giaco-
vazzo, C.; Guagliardi, A.; Moliterni, A. G. G.; Polidori, G.; Spagna,
R. J. Appl. Crystallogr.1999 32, 115-119.

(13) Sheldrick, G. M.SHELXL 97 University of Gdtingen: Gitingen,
Germany, 1997.
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the WinGX interfacé? Crystallographic data for the six structures
are listed in Table 1. Minor disorder was observed in the anions in
1 and3. In 1 the CIQ;~ anions were disordered by translation over
two sites, having site occupancy factors of 0.47 and 0.53.tlre

CF; groups of the CECO,~ anions were disordered about a 3-fold
axis over two sites, with three of the fluorine atoms having a site
occupancy factor of 0.79 and the other three fluorine atoms having
a site occupancy factor of 0.21

Results and Discussion

Ligand Synthesis.Both isomeric ligandsS3tet and 4tet
were prepared by the thioether base coupling of 1,2,4,5-

tetrakis(mercaptomethyl)benzene and the appropriate pico-

lylchloride hydrochloride salt in a 1:4 ratio. The precursor

1,2,4,5-tetrakis(mercaptomethyl)benzene was prepared in

excellent yield from 1,2,4,5-tetrakis(bromomethyl)benzene
according to the literature proceddr®urification of 3tet
was accomplished by column chromatography over neutral
alumina, eluting with CHGlto give a pale brown solid, while
4tet was purified by recrystallization from CGRBl./hexane

to give a tan solid.

Syntheses and Structures of 1, 2, and 3he 2:1 molar
reactions of AgCIQ, AgPFKs, or AgCRCO; in degassed
MeCN and3tet in degassed C¥Cl, were stirred, resulting
in precipitates of1—3 which gave microanalytical data
consistent in all three cases with 2:1 metal-to-ligand ratios.
The complexe4&—3 were insoluble in most common organic
solvents. The IR spectrum @fshowed only one peak in the
CIO,4 stretching region, a strong and broad feature at 1088
cm1, consistent with the CI© anion not coordinating to
the Ag(l)*® The IR spectrum o2 showed only one peak in
the Pk~ stretching region, a strong and broad feature at 840
cm1, consistent with the RF anion not interacting strongly
with the Ag(l)1 The IR spectrum o8 showed four peaks
at correct positions to be GEO,~, a strong peak at 1685

Figure 1. (top) View of the coordination sphere of compl&xcrystal-
lographic numbering) also showing the interligand three-layerethck,
with PR~ anions omitted for clarity. Thermal ellipsoids drawn at the 50%
probability level. Selected bond lengths (A) and angles (deg): N¢DB)

(1) 2.475(5), N(2Ay-Ag(1) 2.281(4), S(1yAg(1) 2.5491(15), S(2yAg-

(1) 2.5288(16); N(2A)rAg(1)—N(1B) 99.01(16), N(2A)Ag(1)—S(2)
128.92(11), N(1ByAg(1)—S(2) 93.93(11), N(2AYrAg(1)—S(1) 115.22-
(12), N(1By-Ag(1)—S(1) 98.82(11), S(2)Ag(1)—S(1) 111.13(5). (Sym-
metry codes: Ax+ 1/2,—y+ 1/2,—z B, —x,y + 1/2,—z+ 1/2). (bottom)

A view showing the planarity oBtet in complexesl—3 and the relative
orientations of pyridine rings. Anions, Ag(l) cations, and hydrogen atoms
omitted.

other adjacent ligands, meaning that each ligand was linked
by Ag coordination to 12 adjacent ligands. Thus, each Ag-
(1) ion was bound in a tetrahedral fashion byN,, donors
from two ligands and 'SS’ donors from a third (Figure 1).
The N,y— and S-Ag bond distances fell close to the middle

cm* and a strong and very broad feature made up of three of the range (2.092.82 A from 1080 bond distances in 440

peaks at 11991117 cm. These peaks suggested that the
CRCO;™ was not coordinatetf, although the splitting of the
—CF; stretches indicated that interactions might be occurring
to distort the—CF; group. In all complexes additional peaks
indicative of the presence of the ligand were seen (vide
supra).

complexes and 2.323.32 A from 556 bond distances in 235
complexes, respectively) as determined by searches of the
CSD (version 5.26) for four-coordinate complexes containing
Ag—Npy, and thioether AgS bond distances.The bridging
nature of the Ag(l) ions led to the formation of the three-
dimensional coordination polymers.

X-ray structural analyses revealed that all three complexes The ligands were arranged with all four pyridine arms in

formed isomorphous three-dimensional network structures a stretched-out fashion (Figure 1). Each pair of ortho pyridine
which crystallized in the orthorhombic space grdepca arms had a similar conformation, the S atoms binding to the
The network structures formed showed a complex and Ag(l) ions to give seven-membered metallamacrocyclic rings.
uncommon topology. In all cases the asymmetric unit One ortho pair of arms was arranged with its S atoms above
consisted of one Ag(l) cation, half 3tet ligand, and one  the plane of the central benzene ring, the other below;
counteranion. The central benzene ring of the ligand was onhowever, the ends of the arms were folded back, such that
a center of symmetry. Each ligand was bonded to six four- the centroids of all four pyridine rings were in the plane of
coordinate Ag(l) ions, two via chelation by S donors on ortho  the central ring (mean deviations from the plane ranged from
pyridine arms and the other four via coordination byy N 0.005 to 0.062 A). However, the direction in which the
donors (Figure 1). The Ag(l) ions in turn coordinated to two pyridine ring pointed, relative to the central ring, differed
between ortho pyridine arms (Figure 1). One pyridine donor
pointed away from one face of the central ring and was

(14) Farrugia, L. JJ. Appl. Crystallogr.1999 32, 837-838.
(15) Nakamoto, Kinfrared and Raman Spectra of Inorganic and Coor-
dination Compounds, Part,Bth ed.; Wiley-Interscience: New York,

1997.
(16) Socrates, Gnfrared and Raman Characteristic Group Frequencies
John Wiley and Sons Ltd.: Chichester, 2001.

(17) Allen, F. H.; Davies, J. E.; Galloy, J. J.; Johnson, O.; Kennard, O.;
Macrae, C. F.; Mitchell, E. M.; Mitchell, G. F.; Smith, J. M.; Watson,
D. G.J. Chem. Inf. Comput. Sci991 31, 187—204.
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These distances were close to the conventional van der Waals
limit, but CH---r interactions have been suggested to be
effective at distances beyond this vald€? In all three
complexes the anion had a variety of weak interactions with
either or both alkyl and aryl hydrogens. The disordered,CIO
anions () had QCI-0O---H—C separations in the range
2.25-2.56 A and corresponding-©C separations of 3.19

3.51 A. The PE anions @) had FP—F---H—C separations

in the range 2.342.47 A and corresponding: FC separa-
tions of 3.24-3.31 A. The CECO,™ anions 8) had Ck-
CO—0-+-H—C separations in the range 2:28.50 A and
corresponding ©-C separations of 3.213.37 A. This
confirmed the IR data, which in all cases showed no obvious
changes of symmetry and indicated that the anions did not
coordinate to the Ag(l) ion. However, the peak broadening
or minor splitting seen in the relevant areas of the IR spectra

could be due to solid-state effects such as the weak
Figure 2. View down the crystallographia axis of the three-dimensional interactions noted here.

cationic framework of comple®, with hydrogen atoms and BFanions . . .
omitted for clarity. P yereg The three-dimensional arrays were analyzed using PLA-

TON,?! and no solvent-accessible volume was found (Figure
approximately orthogonal to the plane of that ring, whereas 2). The packing index for each of the frameworks (anion
the other pointed away from the opposite face of the central included) was calculated. In the cased @ind3 the packing
ring but was closer to parallel with the plane of the central index was estimated by averaging the values of packing
ring. This meant that while meta pyridine rings can be viewed indices output by PLATON for the structures of each of the
so that they eclipse each other, thg Mtoms point to the  two disordered solvent components, weighted for their
same side of the plane of the central ring, but at different occupancy. The packing index f@iwas calculated as 0.75,
angles. Both pyridine rings were close to orthogonal to the which showed good agreement with the estimated values for
central ring; inl one ring was inclined at 8524the otherat 1 and3 (0.74 and 0.73, respectively). The packing indices
67.5, in 2 one ring was at 883 the other at 66.% and in for the cationic frameworks with anion removed were also,
3 one ring was at 91%2the other at 705 Relative to each ~ as expected, very similar and ranged from 0.60 to 0.63.
other, the pyridine rings were inclined at 324 1, 32.7° Syntheses and Structures of #MeCN-2CHCl; and 5
in 2, and 30.8 in 3. Overall, the3tet molecules in all three  6MeCN. The 2:1 molar reactions of AgClJ4) or AgPFs
complexes were arranged in virtually identical fashions, with (5) in degassed MeCN ardtet in degassed CTl, were
most of the differences due to slight changes in folding at stirred, resulting in precipitates which gave microanalytical
—CH,— groups or small rotations of -©@C bonds. These data consistent in both cases with 2:1 metal-to-ligand ratios.
changes were probably caused by the overall framework The complexes were insoluble in most common organic
having to accommodate anions ranging in size from the small solvents. The IR spectrum dfshowed only one peak in the
BF,~ to larger Pk~ and CRCO,™. ClO,4~ stretching region, a strong and broad feature at 1088

The resulting three-dimensional arrays assembled them-cm™, consistent with the CI© anion not coordinating to
selves so that, in all three structures, two symmetry-relatedthe Ag(l) ion® The IR spectrum ob showed only one peak
pyridine rings from different ligands were able to form a in the Pk~ stretching region, a strong and broad feature at
strongly interacting interligand, three-layeredstack by 840 cnt?, consistent with the RF anion not coordinating
interacting with the central ring of a third ligand (centroid- to the Ag(l) ion® Also present in both complexes were peaks
to-centroid distances 3.54][ 3.63 [2], and 3.70 A B)) indicative of the ligand (vide supra).

(Figures 1 and 2). The rings in thestacks were very close X-ray structural analysis revealed that both complexes
to parallel, with angles between them ranging from°3® formed porous isotopological three-dimensional network
5.2°. This interligandz-stacked arrangement was different structures of complex and uncommon topology, crystallizing
than the way related ligands had formed three-layer stacks
in previously reported work, as there they form intraligand (18) (&) Xu, F.-B.; Xu, H.; Leng, X.-B.; Song, H.-B.; Li, Q.-S.; Zou, R.-
b—d Y.; Zhang, Z.-Z.Acta Crystallogr.2003 E59 m1044-m1045. (b)
stacks’?~® There have been a small number of other reported Chanda, N.; Laye, R. H.. Chakraborty, S.; Paul, R. L.; Jeffery, J. C.:
examples of interligand three-layer stacks, although the Ward, M. D.; Lahiri, G. K.J. Chem. Soc., Dalton Tran2002 3496~

; ; ; 3504. (c) Paul, R. L.; Bell, Z. R.; Jeffery, J. C.; McCleverty, J. A.;
ligand systems they occur in are very different from the one Ward, M. D. Proc. Natl. Acad. Sci. U.S.2002 99, 4883-4888. (d)

being considered hefé. The pyridine rings that were Bell, Z. R.; Jeffery, J. C.; McCleverty, J. A.; Ward, M. Bingew.

i i i _ in1— Chem., Int. Ed2002 41, 2515-2518.

!nvowed .m this three Iayere(zt _St&Ck "f‘ 1-3 .Were also (19) (a) Nishio, M.CrystEngComn2004 6, 130-158. (b) Umezawa, Y.;
involved in edge-to-face €H---x interactions with pyridine Tsuboyama, S.; Honda, K.; Uzawa, J.; Nishio, Bull. Chem. Soc.
rings on other adjacent ligands, with—El---centroid and Jpn.199§ 71, 1207-1213. (c) Nishio, M.; Umezawa, Y.; Hirota, M.;

corresponding €-centroid distances of 2.81 and 3.5B,(  (y TDE;"nec‘fhl'_Nzxﬁt.r%hheéjnrqoz%logagg7512'255_6575.* 8701.

2.92 and 3.663), and 3.17 and 3.93 A3}, respectively. (21) PLATON: Spek, A. L.J. Appl. Cryst.2003 36, 7—13.
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in the monoclinic space group?2,/c. Despite the similarity
of the dimensions of the unit cells of the complexes, they

were determined not to be isomorphous. In both cases the

asymmetric unit consisted of one Ag(l) cation, hal#t
ligand, one counteranion and solvent molecules.4in
2MeCN-2CHCI; the solvent present was one molecule of
CHCI; and one molecule of MeCN, whereas5r6MeCN

it was three molecules of MeCN. The central benzene ring
of the ligand was on a center of symmetry. Each ligand was
bonded to six, four-coordinate Ag(l) ions, two via chelation
by S donors on ortho pyridine arms and the other four via
coordination by N, donors (Figure 3). The Ag(l) ions in
turn coordinated to two further ligands, meaning that each
ligand was linked by Ag coordination to 12 adjacent ligands.
The bridging nature of the Ag(l) ions led to the formation
of the three-dimensional coordination polymer. Each Ag(l)
ion was bound in a tetrahedral fashion by,/MN,,' donors
from two ligands and 'SS’ donors from a third (Figure 3).
The N,y— and S-Ag bond distances fell close to the middle
of the range of I, —Ag and thioether SAg bond lengths
(2.09-2.82 and 2.323.32 A, respectively) as determined
by a search of the CSB.

The ligands were arranged with one pair of symmetry-
related para pyridine arms in a stretched-out fashion,
somewhat similar to that seen in complexes3. The
centroids of these two pyridine rings lay in the plane of the
central ring (mean deviation from plane 0.077 A for
4-2MeCN-2CHCls;, 0.006 A for5-6MeCN). The other pair
of para pyridine arms had its pyridine rings folded away from
the central ring, rather than toward it, leading to a more

stepped conformation for one para pair of arms than the other

(Figure 3). Each ortho pair of pyridine arms was arranged

with its S atoms either above the plane of the central benzene

ring or below, with the S atoms able to bind to the Ag(l)
ion to form seven-membered metallamacrocyclic rings. The
direction in which the pyridine ring pointed, relative to the
central ring, differed between ortho pyridine arms. One
pyridine donor pointed away from one face of the central
ring and was approximately orthogonal to the plane of that

Figure 3. (top) View of the coordination sphere of compl&x6MeCN
(crystallographic numbering) also showing the interligand three-layered
stack, with PE~ anions and MeCN solvent molecules omitted for clarity.
Thermal ellipsoids drawn at the 50% probability level. Selected bond lengths
(A) and angles (deg): N(1A)Ag(1) 2.393(3), N(2BY-Ag(1) 2.280(3),

ring, whereas the other pointed away from the opposite face s(1)-Ag(1) 2.5596(9), S(2Ag(1) 2.5766(10); N(2B}Ag(1)—N(1A)

of the central ring but was closer to parallel with the plane
of the central ring (Figure 3). The planes of the pyridine
rings were close to orthogonal to the central ring. In
4-2MeCN-2CHCI; one ring was inclined at 68 5the other
at 108.2, and in5-6MeCN one ring was at 5190 the other
at 83.6, all relative to the central ring. Relative to each other,
the pyridine rings were closer to orthogonal than in 3et
structures, the angle between the rings being 8Q4t
2MeCN-2CHClI3) and 57.8 (5-6MeCN). Overall, the4dtet
molecules in both complexes were arranged in similar
fashions, with most differences due to slight changes in
folding at—CH,— groups or small rotations of bonds. These

100.69(10), N(2ByAg(1)—S(1) 133.22(7), N(1A)Ag(1)—S(1) 94.30(7),
N(2B)—Ag(1)—S(2) 105.89(7), N(1AyAg(1)—S(2) 119.87(8), S(H)Ag-
(1)-S(2) 104.19(3). (Symmetry codes: Ax,y + 1/2,—z+ 1/2; B, —X,
-y, —z + 1). (bottom) A view showing the arrangement é4fet in
complexes4 and5 and the relative orientations of pyridine rings. Anions,
Ag(l) cations, and hydrogen atoms omitted.

7t stack by interacting with the central ring of a third ligand
[centroid-to-centroid distances 3. 72ZMeCN-2CHCI3) and
3.95 A (:6MeCN)] (Figures 3 and 4). Thist stack was
very similar to the ones seen in complexies3, although

the distances between centroids were longer for4ted
complexes. The rings in the stacks were close to parallel,
with angles between them of only 4.9or 4-2MeCN-

changes were probably caused by the overall framework 2CHCI; and 14.5 for 5-6MeCN. The other pyridine rings

having to accommodate different-sized ¢iOand Pk~
anions.

The three-dimensional arrays formed such that in both
complexes, two symmetry-related pyridine rings from dif-

also took part in different two-layeredstacking interactions
with symmetry-related pyridine rings [centroid-to-centroid
distance 3.804:2MeCN-2CHCl3) and 3.68 A :6MeCN)],

and were strictly parallel due to their symmetry. In contrast

ferent ligands were able to form an interligand, three-layered to the complexes dtet, there were no interligand-€H---x
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Figure 5. Views of the three-dimensional structuresdofnd5 showing
the skew of the frameworks relative to the unit cells. Anions omitted for
clarity. (left) 4 viewed down the crystallographic [1 0 1] axis. (rigt&)
viewed down the crystallograph& axis.
Both frameworks generated a number of different-sized
pores. They had large (1 6 A?) octagonal pores running
along thec axis (Figure 4) and further large (18 6 A?)
tetragonal pores running along the [1 0 1] diagonal a&is (
Figure 4. View down the crystallographicaxis of the three-dimensional 2MeCN:-2CHCl5) or thea axis G-6MeCN) (Figure 4). There
cationic framework of comple® with PR~ anions and hydrogen atoms  were also several smaller pores in the framework, averaging
omitted for clarity. about 5x 5 A2, running along other diagonal and primary
interactions in these structures. The solvent molecules in theaxes. The combined volume of the pores in the cationic
two complexes were held in place by a number of interac- frameworks was 45.69#4{2MeCN-2CHCI3) or 50.5% b+
tions. In 4:2MeCN-2CHCI; the MeCN solvent molecules  6MeCN) of the unit cell volume, with packing indices of
were held in place in the framework by one direct set of 0.45 and 0.42, respectively. All these values were calculated
interactions. They formed weak-H---z(pyridine) interac- using PLATON and did not include anion or solvéht.
tions with the framework at a distance of 3.05 A. This However, when the structure as a whole was considered, the
distance is close to the van der Waals limit, but - pores were filled with solvent and anion, leading to the
interactions have been suggested to be effective at distanceframework having no residual solvent-accessible volume
beyond this valué??°The MeCN molecules also formed a (packing index 0.70 in both case?).
C—Cl---H—C interaction with the solvent CH&molecules Synthesis and Structure of 63H,0. The 2:1 molar
at a distance of 2.69 A with corresponding GC separation reaction of AQCESGO; and4tet in degassed MeCN and GH
of 3.61 A. The CHG molecules were only very loosely held Cl, was stirred, resulting in a precipitate which gave
in place, as they interacted only with the MeCN molecules microanalytical data consistent with a 2:1 metal-to-ligand
and the CIQ™ anions (QCI—0:-+-H—C separation 2.24 A,  ratio. The complex was insoluble in most common organic
corresponding ©-C separation of 3.21 A). 15-6MeCN solvents. The IR spectrum showed three peaks faSCk,
the solvent MeCN molecules in the structure were held in all of moderate intensity: a broad feature at 1262 &m
their places in the framework by very weak:-NH—C another broad feature at 1174 ¢chand a peak at 1031 crh
interactions between MeCN N atoms and both alkyl and aryl These peaks were consistent with the;88;~ anion not
C—H. Distances ranged from 2.54 to 2.92 A, with-@ coordinating to the Ag(l) and not being structurally distorted
separations of 3.243.88 A. In both complexes the anion by the interaction in the compléf Also present were peaks
had a variety of weak interactions with either or both alkyl indicative of the ligand (vide supra).
and aryl hydrogens. The ClOanions ind-2MeCN-2CHClI; X-ray structural analysis of this complex revealed a three-
had an QCI—0O-:-H—C separation of 2.47 A and a corre- dimensional, porous network structure, crystallizing in the
sponding @--C separation of 3.40 A, while the PFanions monoclinic space grou@2/c. The asymmetric unit consisted
in 5:6MeCN had EP—F---H—C separations in the range of one Ag(l) cation, half altet ligand, one CESG;~ anion,
2.38-2.55 A and corresponding +C separations of 3.20 and highly diffuse solvent molecules. The §$SB;~ coun-
3.39 A. This confirmed the assumption, made on the basisterion was disordered and in addition could not be completely
of the IR data, that the anions did not coordinate to the Ag- located. All attempts to model satisfactorily this disorder were
(I) ion. However, the peak broadening or minor splitting seen unsuccessful. Therefore, the disordered anion and solvent
in the relevant peaks of the IR spectra could be due to theresidues were removed from the atom list for refinement,
weak interactions noted here. and the PLATON SQUEEZE procedure was applied. The
When the frameworks of the two complexes were com- residual electron density in the asymmetric unit was assigned
pared it was clear that they were very similar in structure to a whole CESO;~ counteranion and one and a half
but were not considered to be isomorphous. The frameworksmolecules of HO solvent. The central benzene ring of the
had formed in such a manner that they were skewed with ligand was on a center of symmetry. Each ligand was bonded
respect to each other, so that the [1 0 1] diagonal axis into six four-coordinate Ag(l) ions, two via chelation by S
4-2MeCN-2CHCI; was thea axis in5-6MeCN (Figure 5). donors on ortho pyridine arms the other four via coordination
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Figure 7. View down the crystallographic-axis of the large pores formed

in the three-dimensional cationic framework &fwith hydrogen atoms
omitted for clarity.

Figure 6. (top) View of the coordination environment of compléx Relative to e_aCh other, the pyridine rings were approximately
(crystallographic numbering) with the thermal ellipsoids drawn at the 50% Ccoplanar, with an angle between planes of 33.2

Rroliagili%ée;/el-'\l S;éec';edlb%ngolg%gthss iA)Aanld 32%283(%9)1 ANflA) The three-dimensional array was formed so that two
(1%(2_)55'5(2);( ,\?(1 A; A;(lgf,\)l(z'B) 155)_'0(3()'7\,\,8;; Aé(l)_(gil) ﬁs.gé- symmetry-related pyridine rings from different ligands were

(19), N(2B}-Ag(1)-S(1) 102.70(17), N(1AyAg(1)—S(2) 104.88(17), able to form an edge-to-face-&---xr interaction with the
N(SB)—AAg(l)—S(Z) 1?21-31(15)11/82(1%%(11)/—28(2) 1/122)-9(?7)- (S)yzﬁmetfy central ring of a third ligand with a €H---centroid distance
codes: AX, Y, Z— , B, X 7Y L= . (bottom view . e . .

showing the planarity odtet in complex6 and the relative orientations of of 2'9_8 A and corresponding-€Ecentroid d_|stances of 3.74
pyridine rings. Anions, Ag(l) cations, and hydrogen atoms omitted. A. This distance was close to the conventional van der Waals
limit, but CH---7r interactions have been suggested to be

by Npy donors (Figure 6). The Ag(l) ions in turn coordinated
Y Ny (Figure 6) g(h ions in tu ! qeffective at distances beyond this valié® The way the

to two adjacent ligands, meaning that each ligand was linked * :
by Ag coordination to 12 adjacent ligands. The bridging ligands related to each other ®3H,0 was very different

nature of the Ag(l) ions led to the formation of the three- to the way they related in other complexeb2MeCN:

dimensional coordination polymer. Each Ag(l) ion was bound 2CHCls and 5-6MeCN) and how 3tet had behaved in

in a tetrahedral fashion by N, donors from two ligands complexesl—3, as all thg ligands in thgse cases formed
and $'S" donors from a third (Figure 6). The - and three-layerecr stacks. Anion and solvent interactions could

S—Ag bond distances fell close to the middle of the range not be considered for this structure because of the application

of Npy—Ag and thioether SAg bond lengths (2.092.82 of the SQUEEZE procedufé.

and 2.32-3.32 A, respectively) as determined by a search The framework geznerated a number of Qifferent sized
of the CSDY? pores. Large (% 9 A?) tetragonal pores running along the

The ligands were arranged with all four pyridine arms in c axis (Figure 7) and slightly smaller (@ 5 A?) hexagonal

a stretched-out fashion (Figure 6), very similar to that seen pores fl_l:]nning alonglthe [10 1k]J andf the [ﬁ 10] diagonz;l
in the complexes o8tet. Each pair of ortho pyridine arms axes. There were also a number of smaller pores in the

. 5 .
had a similar conformation, with the S atoms binding to the framewprk, averaging about 5 5 A% running along the

Ag(l) ions to give severmembered metallamacrocyclic other diagonal and primary axes. The combined volume of
rings. One ortho pair of arms was arranged with its S atoms the pores in the cationic frameworks was 48.3% of the unit

.cell volume, with a packing index of 0.42. These values were

above the plane of the central benzene ring, the other below; lculated using PLATOR f he SOUEEZEd d
however, the ends of the arms were folded back, so that the®?'¢! ated using rom t e SQ ) atq.
However, early attempts at modeling the disordered anions

centroids of all four pyridine rings were in the plane of the -
central ring (mean deviation from plane 0.032 A). Both and solven_t molecules_ showed th_em to be filling these pores.
pyridine donors of ortho pyridine arms pointed away from q Top(;)loglcaloﬁréay(lzyss. -lll-OPOIOg'C"TI anal?/sefl were con-
the same face of the central ring and did so at similar angles UCtZ_ usn:jg | on aff six compiexes. In a caggs n(()jn-
to the plane of the ring. This meant that while meta pyridine coordinated solvent or anions were not considered to
rings can be viewed so that they eclipse each other, the N contribute to _the topological netwprk. Comp!exbs3 were
atoms point to the opposite sides of the plane of the central founq”tohbe_lsomorlphqusl and W|'” ZZ cor(ljsgde;flald ;ogether,
ring (Figure 6). This differed from th&tet complexes, where as will the isotopological complexes and 5. three

meta rings pointed to the same side of the plane of the centraprOlOgr']cz’;I _an.?lyses shc;lwed thg tdhree. topologu;:s q tlF’ b%
ring, but at different angles. Both pyridine rings were close somewnhat similar, as each comprised a six-connected figan

to orthogonal to the central ring, with one ring inclined at (22) OLEX: Dolomanov, O. V.: Blake, A. J.. Champness, N. R.: Sdbro
84.4 and the other at 61°6both relative to the central ring. M. J. Appl. Crystallogr.2003 36, 1283-1284.
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Figure 8. View along thea axis of the three-dimensional pyrite-like

topological net formed b (Ag nodes, pink; ligand nodes, gray). Figure 9. View along thea axis of the three-dimensional rutile-like

topological net formed b¥.
node and two three-connected Ag nodes. Coordination

polymers built around six-connected nodes have previously cal network formed by pyrite (Figure 8) and has been found
been found infrequently. The majority of these have metal in three coordination polymer systerfs.
ions or clusters as the six-connected nodes, with only four The topological network oft and5 also comprised two
containing six-connected, ligand-based noti€g? different nodes, one ligand-based and one Ag-based, indicat-
The topological network foi—3 comprised two different  ing that topologically all ligands were the same, as were all
nodes, one ligand-based and one Ag-based, indicating thaAg centers. The ligand node was defined as the centroid of
topologically all ligands were the same, as were all Ag the central ring and had the same six links to Ag nodes as
centers. The ligand node occurred where the centroid of thethose seen for the networks formed by 3, one for each
central ring would occur and had links to six Ag nodes, one pyridine arm and another for each pair of chelated S atoms.
link for each pyridine arm, and another for each pair of The Ag nodes in turn were again three-connected. The
chelated S atoms, resulting in the ligand nodes having shortresulting topological network was different to that formed
topological terms of £.8%. The Ag nodes in turn were three by 1—3, with ligand nodes having short topological terms
connected with short topological terms &f &igure 8). Of  of 42.6'°.8% and Ag nodes having short topological terms of
these two nodes, the® Gode is not uncommaét and has 4.6 (Figure 9). Despite the two coordination frameworks
been recognized to form the (6, 3) “honeycomb” net when being related by a skew, no difference was seen for the short
it is the only node preseft. Although, this topological ~ topological terms of these two networks. The uninodat 4.6
functionality is more commonly seen in a two-dimensional “net” was recognized by Wells as leading to discrete
rather than a three-dimensional array, there are somesystems? however, it has been found to occur as part of
examples of nodes as part of a more topologically complex two other more complex network structures, one three-
network2® Often “honeycomb-like” two-dimensional sheets dimensiona’ and the other two-dimension®.This par-
remain evident in the net; however, some of the nodes adoptticular combination of three- and six-connected nodes is also
higher coordination in order to link sheets together into a found in the topological network formed by rutile TiO
three-dimensional array. However,ir-3 the six-membered  (Figure 9) and has also been seen in a number of other
circuits extending from the3modes are three-, rather than coordination polymeric systend®.
two-dimensional (Figure 8). This particular combination of ~ The topological network o6 comprised two different
three- and six-connected nodes is also found in the topologi-nodes, one ligand-based and one Ag-based, indicating that
topologically all ligands were the same, as were all Ag

(23) (a) Suenaga, Y.; Kuroda-Sowa, T.; Maekawa, M.; MunakataJ].M.
Chem. Soc., Dalton Tran2000 3620-3623. (b) Ning, G. L.;
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Structural Inzariance in Silver(l) Coordination Networks

different size and coordination ability. Despite these differ-
ences, the anions were all held in place in the structure by
weak interactions with the ligand, and the same overall
nonporous structure resulted. Two of #tet-containing Ag-
() complexes,4-2MeCN-2CHCI; and 5-6MeCN, were
isotopological and structurally very similar. Both of these
complexes were more porous than the complexe3tef
with high proportions of the volume of the unit cell occupied
by solvent molecules. The complex formed from the reaction
of 4tet and AgCRSO;, 6-3H,0, was different than either
of the other twodtet complexes. The arrangement of the
ligand in this complex was similar to that seen in the
complexes of3tet, and the resulting structure was different
than those oft or 5, although it also had a porous structure.
Figure 10. View along thec axis of the three-dimensional topological Despite the flexibility of the ligands all of their complexes
net formed by5 illustrating the previously unknown network topology. . . _
were found to fit two categories of ligand geometry. These

centers. The ligand node was defined in the same fashion agVere the complexed,—3 and6-3H.0, where the ligand had
the previous ligand nodes and again had links to six Ag all four pyridine arms stretched out approximately in the
nodes, resulting in a ligand node topology df63.87.1C% plane of the central benzene ring (stretched conformation),
The Ag nodes in turn were three-connected with short and the complexed:2MeCN-2CHCI; and5-6MeCN, that
topological terms of 46 (Figure 10), closely related to the had one pair of para pyridine arms stretched out and the other

4.6 Ag nodes seen for the topological networksAaind5. folded away from the plane of the central ring (folded
The £.6 node topology has also been seen previously in five confprmaﬂon). This f.olded confprmatlon was a less 'extrem.e
different coordination polymeric systems, two related three- Version of that seen in the previous complex of the isomeric
dimensional syster#s and three related one-dimensional 19and 1,2,4,5-tetrakis(2-pyridyimethylsuifanylmethyl)benzene,
polymers that were extended into three dimensions by N which the folded py_ndme arms were arranged parallel to
hydrogen bonding? The two three-dimensional polymers ~ the central benzene ring to form a three-layenesitack®®
showed the closest relationship & as they also showed Whl_le preorganization of ligands by facial segregation to
six-connected nodé&.0One of these was also seen to have 2void steric hindrance has been proposed as a means of
short topological terms of4.8%.10 for its six-connected ~ Providing a degree of rigidity to flexible ligandst was not
nodes, very closely related to thé@.8".1%% nodes seen in  S€€n to occur in the expected fashion in these six complexes.

6. Other than this related topological network, nodes with Despite the expectation that ortho pyridine arms would
4462.87.1(% topology appear to be previously unknown. The organize themselves on opposite faces of the central ring
topological terms seen for this ligand-based node are verythe coordination mode adopted in the complexes prevented
different to those seen for the othétet structures4 and5) them from doing so. _

despite the same metal cation and ligand being involved. _The complexes oBtet and4tet also displayed a number
They are also different to those seen for 8iet structures of weaker interactions, both between ligand molecules and

where the ligands adopt similar conformations. also to anions or incorporated solvent molecules. The most
commonly seen interaction was the formation of interligand
Conclusion three-layerr-stacks; all complexes excepBH,O displaying

this motif. Other interactions between the aromatic rings such
as C-H---x interactions were also observed. Topological
analyses of the networks formed by the complexe8tet
and4tet showed them to all comprise six-connected ligand-
based nodes and three-connected metal-based nodes with
different short topological terms. Such six-connected, ligand-
based nodes are rare among coordination polymers; only four
examples having been previously séeh? The overall

The ligands3tet and4tet were successfully used to form
complexes, some of them showing quite unusual structural
features such as the restriction of ligand geometries to two
broad categories, the regularity of formation of three-layered
m-stacking motifs and the large cavities formed in the
complexes ofdtet in spite of its flexibility. Variations in
the solvents used for crystallization and the use of different

anions commonly have a significant effect on the overall loai f th onic f ks of | 3
framework of Ag(l) coordination polymefs: However, this topologies of the cationic rameworks of comp exes
' ' were found to be that of the pyrite net, which has been seen

was not seen in these six complexes to the extent that would : . L
; .~ “only in three previous coordination polymérsThe overall
generally have been predicted under the current paradigm. .
. . topologies of the frameworks a&f and5 were that of the
The three structures 8tet-containing Ag(l) complexes with . . o o
different anions were isomorphous. This was unexpected rutile net which again is not common among coordination
) P - b 'polymer architecture®. The overall topology of the frame-
as the Ag(l) salts involved in forming the complexes, : . .
AQCIO. PR, and CRCO,, had anions of significant work of 6 was previously unknown, with only one coordina-
9%, ' ' 9 Y tion polymer system showing a closely related topol&@y.
(30) Pickering, A. L.; Cooper, G.J.T.; Long, D.-L.; Cronin,Rolyhedron Despite the Slml_lamy of the th Ilgands an.d use of the
2004 23, 2075-2079. same metal salts in the preparation of certain complexes,
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the resulting structures were found to be both interesting anddata collection and the University of Otago Research
surprisingly different. The three structures of complexes of Committee and the Department of Chemistry, University of
3tet were isomorphous, nonporous three-dimensional net- Otago for financial support.

works, and all three structures of complexesdtdt were

porous three-dimensional networks, two of which were very  sypporting Information Available:  X-ray crystallographic file
similar to each other, the other of which was structurally in CIF format for the structure determination df—6: full
different. topological analyses for complexés 6. This material is available
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