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The ligands 1,4-bis(2-pyridylmethylsulfanylmethyl)benzene (L1) and 2,5-bis(2-pyridylmethylsulfanylmethyl)pyrazine
(L2) were treated with Cd(NO3),+4H,0 in metal-to-ligand ratios of 1:1 and 2:1, respectively; L2 was also treated
with CdCl,-2.5H,0 in a 2:1 ratio. All products were found to be coordination polymers. The crystal structures of

{[Cd(L1)(NO3)z]-CHClo} c: (1a), {[CA(L1)(NOs)e]-*/sCHsCN} oo

(1b), {[Cd(L2)(NO3)]2CH3CN} ., (2:2CH3CN), and

{[Cdy(L2)Cl4]+2CH,Cl} o (3:2CH,Cl,) were determined. Compounds 1a and 1b were found to be conformational
supramolecular isomers. The structure of 1b displayed topological isomerism with two isomeric polymer chains,
1b(1) and 1b(2), in the one crystal forming a single supramolecular array. The structure of 2:2CH;CN showed

Cdy(L2) units linked together by nitrates bridging between
Cd(Il) compounds. The overall structure of 3:2CH,Cl, was
presence of different anions and solvent molecules. Powder
bulk preparations of compounds 1-3.

the Cd(ll) centers in a mode previously not seen in
found to be similar to that of 2:2CH3;CN despite the
X-ray diffraction was used to investigate the nature of

Introduction

The use of conformationally flexible ligands with multiple
donor sites to engineer coordination polymer arrays has a
number of inherent challengésFirst, the flexibility of the
ligands could lead to polymers with structures that are more
difficult to predict and that do not readily fit into a current

conditions of formation and to gain a greater understanding
of the factors leading to this structural variety. As an area
of research, coordination polymer chemistry has developed
rapidly in recent years’ However, as some of the important
principles that underpin this area of research are those of
classical coordination chemistry, it is not surprising that the

paradigm® Second, the arrangement of donor atoms in the
chelating compartments of polytopic ligands makes it dif-
ficult to avoid array structures of low dimensionalfty.
Finally, conformational flexibility and different binding
modes could enhance the possibility of forming supramo-
lecular isomerd:6 However, the propensity toward structural
diversity in such systems brings opportunities to probe their
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various types of isomerism found there are also exemplified Chart 1
in coordination polymer chemistry. These phenomena are
expected to have enhanced or extended consequences in a
supramolecular array and result in polymorphism and/or
supramolecular isomerishiZaworotko and co-workers have
examined the occurrence of supramolecular isoméfsm
network solids and, in particular, have investigated a number
of isomeric two- and three-dimensional arrays formed with
the flexible ligand 1,2-bis(4-pyridyl)etharie Other work-
er$!! have consolidated supramolecular isomerism as a
factor to be considered when designing ligands for supramo-
lecular arrays.

We have been investigating the use of flexible ligands
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based on aromatic spacers linked to thioetipridine arms
to build coordination polymer arrays?!® Recently we
identified a rare example of two isomeric Ag(l)-containing
polymer chains in the same cryst&lOther workers have

reported an additional example of this type of isomerism,

which involved Cd(N@),-containing polymer chain$.Even
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This form of topological isomerism has parallels in classical

more remarkable, three types of coordination polymers, againcoordination chemistry where complexes of two different

involving Cd(NQy),, have been reported in the same cry&tal.
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stereochemistries are found in the same crystéle now
report an additional, if less extreme, example of the same
phenomenon in a Cd(N§) system. The two different one-
dimensional polymer chainslb(1) and 1b(2), have es-
sentially the same arrangement, with the difference between
them arising from differences in the coordination of thesNO
anions to the central Cd(ll) ion. This is akin to the commonly
encountered property of having two chemically identical but
crystallographically distinct species in the same crystal. In
addition to this topological isomerism, we found that the
flexible ligand L1 was able to adopt gauche and anti
conformations with Cd(Ng), (Chart 1). This led to the
formation of two complexed,aand1lb, containing different
solvent molecules, related to each other as conformational
supramolecular isomers.

We have also investigated the effect of restricting the
flexibility of the ligand system upon coordination to Cd(ll).
Replacing the benzene central spacetbfwith pyrazine
(Chart 2) led to facial binding oE2, and we isolated the
closely related Cd(Ng), and CdC} polymer array2:2CHs-

CN and3-2CH,Cl,, respectively. In the former structure, the
polymer is generated by an unusual N@imeric bridging
mode previously unknown in Cd(ll) complexes. In contrast
to the arrays of the less restricted ligahd, the array
structures oR:2CH;,CN and3-2CH,CI, do not seem to be
significantly affected by the nature of the incorporated
solvent.

Experimental Section

General. The ligandd.14 andL2%* were prepared by literature
methods. Infrared spectra were measured on a Perkin-Elmer Win-
IR Spectrum BX FT-IR System (samples in KBr disks). Powder
X-ray diffraction (PXD) data were collected using a Philips XPERT
6—26 diffractometer with Cu K radiation in flat-plate Bragg
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Table 1. Crystallographic Data for Complexes

Cordes et al.

la 1b 22CH;CN 3-2CH,C
empirical formula G1H22CdChN4O6S; Ca4H36C01.5Ng00Ss C22H24ChN10012S, CaoH22CClgN4S,
Mw 673.85 965.49 909.43 890.94
crystal system Triclinic Triclinic Triclinic Monoclinic
space group P1 P1 P1 P2;/c
alA 9.7818(2) 12.463(5) 8.739(3) 12.505(4)
b/A 12.0119(2) 12.611(5) 9.603(3) 8.072(2)
c/A 12.6382(4) 12.999(5) 10.239(3) 15.225(4)
o/deg 102.076(1) 82.141(5) 73.759(4)
fSldeg 91.909(1) 89.839(5) 79.778(4) 100.691(4)
yldeg 112.308(1) 89.758(5) 77.533(4)
U/A3 1332.95(5) 2024(1) 799.2(4) 1510.1(7)
4 2 2 1 2
TIK 293(2) 168(2) 158(2) 158(2)
ulmm™1 1.220 1.011 1.536 2.274
reflections collected 8103 25695 10266 18849
unique reflectionsRni) 6054 (0.0173) 8107 (0.1025) 3196 (0.0174) 3085 (0.0179)
R1 indices [ > 20(1)] 0.0384 0.0949 0.0185 0.0250
wR2 (all data) 0.0913 0.2666 0.0516 0.0678

Brentano geometry. Diffraction data were collected over a duration CN and 3-2CH,Cl, were collected on a Bruker SMART CCD
of 16 h in the range 580° 26 with a step size of 0.0220 at 298 diffractometer; both had graphite-monochromated Ma & =
K. Theoretical powder patterns were calculated with POWDER- 0.71073 A) radiation. Intensities were corrected for Lorentz-
CELL 2.0*® using the single-crystal diffraction data generated for polarization effectd? and a multiscan absorption correcti®was
1a, 1b, 2:2CH;CN, and3-2CH,Cl, as models. Elemental analyses applied, except in the case @&, which was not corrected for
were performed by the Campbell Microanalytical Laboratory at the absorption. The structures were solved by direct methods (SHELXS)
University of Otago. Samples were predried under vacuum to and refined onF? using all data by full-matrix least-squares
remove volatile solvent residues. Melting points were measured procedures (SHELXL 97% All calculations were performed using
on a Gallenkamp melting-point apparatus. the WinGX interfacé&? The data forla were collected at room
Complexes. [Cd(L1)(NQ)2]e, 1. Cd(NGs)2+4H,0 (44 mg, 0.14 temperature. The Ci€l, molecule inlawas disordered over two
mmol) dissolved in MeCN (5 mL) was addedltdé (50 mg, 0.14 sites with site occupancy factors of 0.54 and 0.46.Jn& potential
mmol) dissolved in ChKCI, (5 mL), and the mixture was allowed  monoclinic system was carefully evaluated with PLATON and other
to stir for 1 h. The cream-colored solid that precipitated was filtered programs available through the WinGX interface and rejected, as
and dried in vacuo (yield 77 mg, 92%). (Found: C, 40.7; H, 3.3; the transformed data showed no systematic absences and structure
N, 9.5; S, 10.9%. Calcd for £H>0N4O6S,Cd: C, 40.8; H, 3.4; N, solutions made no chemical sense. Crystals of isatherere of
9.5; S, 10.9%.) Mp> 180°C (decomp). Selected IR (KBr)/cri poor quality, had a high mosaicity, and lost solvent very quickly.
1481 (s, N@), 1439 (br, N@7), 1296 (br, NQ"). This was reflected in the poor but unambiguous structure solution.
{[Cd(L1)(NO3)2]:CH2Cl}w, 1a. Cd(NGs),:4H,0 (44 mg, 0.14 Consequently, the structure showed three peaks oftabeui 3,
mmol) dissolved in MeCN (10 mL) was addedlid (50 mg, 0.14 possibly Fourier ripples, located at about 0.7 A from the Cd atom.
mmol) dissolved in CKCI, (10 mL), and the mixture was allowed  In 3-2CH,Cl,, the CHCI, molecule was disordered over two sites
to stir for 1 h. The cream-colored solid that precipitated was filtered about a C-Cl bond with site occupancy factors of 0.88 and 0.12.
and then transferred to a sample tube and stored in the presence ofrystallographic data for the four structures are listed in Table 1.
mother liquor (yield 86 mg, 87%). (Found: C, 37.4; H, 3.4; N,
8.7, S 9.3%. Calcd for £H20N40sS,Cd-CH,Cl,: C, 37.4; H, 3.3;

N, 8.3; S, 9.5%.) Mp> 180 °C (decomp). : .
([Cao(L2)(NO=)ul} . 2. CANO:)-4H,0 (87 mg, 0.28 mmol) Synthesis and Structures of [Cd(L1)(NQ)j]«, 1. A 1:1

dissolved in MeCN (5 mL) was added k@ (50 mg, 0.14 mmol) molar rat'O,Of Cd(NQ),2°4HZO ar?d L1 yielded a cream- )
dissolved in MeCN (5 mL), and the mixture was allowed to stir colored solid. It was insoluble in most common organic

for 1 h. The pale brown solid that precipitated was filtered and Solvents, suggesting formation of a coordination polymer.
dried in vacuo (yield 62 mg, 53%). (Found: C, 26.4; H, 2.3; N, Microanalytical data were consistent with the solid having

13.3; S, 7.5%. Calcd for gH1gNg01,S,Ch: C, 26.1; H, 2.2; N, a 1:1 metal-to-ligand ratio. X-ray-quality crystals were grown
13.6; S, 7.8%.) Mp> 200 °C (decomp). Selected IR (KBr)/cth by the slow diffusion of a CHGlsolution ofL1 layered with
1493 (s, N@"), 1474 (s, N@"), 1452 (s, N@7), 1326 (s, N@"), a solvent blank of CkCl, and a MeCN solution of
1284 (s, N@"), 1266 (s, N@). Cd(NGy)*4H,O. After 1 week, crystals of needle and
- {[Cdo(L2)Cly]}w, 3. CACL2.5H,0 (64 mg, 0.28 mmol) dissolved  p5telike morphologies were found growing in the same
in MeOH (20 mL) was added th2 (50 mg, 0.14 mmol) dissolved o 5igns of the crystal jars. Infrared spectra recorded for

in CH,CI, (20 mL), and the mixture was allowed to stir for 8 days. . <. . . )
The pale brown solid that precipitated was filtered and dried in individual samples of the bulk material, the needle-shaped

vacuo (yield 81 mg, 71%) (Found: C, 29.9; H, 2.3; N, 7.5; S, 8.5;
Cl, 19.7%. Calcd for @H1gN,S,Cl4Cdy: C, 30.0; H, 2.5; N, 7.8;
S, 8.9; Cl, 19.7%.) Mp> 146 °C (decomp).

X-ray Crystallography. Diffraction data forla were collected
on a Nonius Kappa-CCD diffractometer and dataXby 2:2CHs-

Results and Discussion
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Cd—0 distances found for bidentate NOions in a search

of the Cambridge Crystallographic Database (CSD version
5.25)2> However, the distance was still shorter than the sum
of the van der Waals radii, 3.10 2The NQ;~ anions were
bound in an asymmetric fashion with very disparate-Cd
bond distances (Figure 1). The infrared spectrum showed
three peaks in the N stretching region at 1487 (m), 1427
(s), and 1299 (s) cm, consistent with the N@ anions
displaying more than one binding arrangentént.

The ligand was folded in a cis fashion such that the
pyridine arm groups were positioned on the same side with
respect to the central arene ring, giving an overall gauche
conformation [torsion angle across the benzene ring-S(1)
C(7)--C(14)-S(2) = —29.7] (Chart 1, Figure 1). The
y pyridine N donors pointed in opposite directions in a trans
Figure 1. Views of polymerla The CHCl, molecule is not shown. (Top) ~ arrangement with respect to each other. In the gauche
Perspective view ofa (crystallographic numbering) showing the coordina-  conformation ofL1, all three rings were approximately

tion sphere of the Cd(ll) ion. Thermal ellipsoids are drawn at the 50% ; ; ey ;
probability level. (Bottom) View of a polymer chain showing the corrugated parallel to each other (Flgure l)’ with one pyrldlne fing

conformation of the ligand.1 (H atoms omitted). Selected bond lengths  twisted by 9.8 relative to the central ring and the other

Q(«’ir)]dzag%ﬁ)(d%&J()zizl_)\lc(:ig(clt;(lz)?63;32(%3),8((315)13%(12) 625342783((73)),8&2(3 twisted by 16.8. The corrugated polymer chain did not
N(2A) 2.305(2), Cd(1y.S(2A) 2.6961(8). O(12)-Cd(1) 2.813(4): N(2AY contain a center qf symmetry, and as a result,_the chain was
Cd(1)-N(1) 167.97(9), N(2A}Cd(1)-O(11) 115.41(9), N(ECd(1)} ggner_ated by a simple symmgtry translation in the [1 1 0]
8&2_78%@(5?2(?1?;((11))—%((22% %é%?l()l_)b l\2(1117‘)C1%(01)0—((13)(2é)( f%t‘é(j), direction. Adjacent parallel chains were related to each other
(1)-0(21) 141.2(1), N(2AYCd(1)-0(22) 78.5(1). N(2AY-Cd(1)-S(1) ina gentrosymmetnc fashion by a translation of one-half of
101.08(6), N(1)>-Cd(1)-S(1) 76.29(7), N(1}Cd(1)-0(22) 89.6(1), O(1 1 a unit cell.

Cd(1)-S(1) 91.33(6), O(21yCd(1)-S(1) 113.20(7), O(22)Cd(1)-S(1) There were no significant interactions between adjacent
71.23(8), NAY Cd(1)-S(2A) 76.54(6), N(Ly Cd(1)-S(2/) 106 91(7), chains. The aromatic rings of neighboring chains were too
O(11)-Cd(1)-S(2A) 86.00(6), O(2LrCd(1)-S(2A) 71.16(7), O(22yCd- . : C nngs 9 g

(1)-S(2A) 112.05(8), S(BCd(1)-S(2A) 175.19(3). (Symmetry code: A distant to take part imr— interactions, with the shortest
x+1ly+1z) distance between centroids being 4.2#8/Ahe stacking of

the corrugated chains provided spaces large enough to

crystals, and the platelike crystals were very similar and gave contain the associated disorderedCH solvent molecules
little indication of structural differences between the two (potential solvent-accessible volume 18.0%).
crystal morphologies. X-ray structural analysis of both crystal  conformational Supramolecular Isomer {[Cd(L1)-
types revealed that they were one-dimensional coordination(Nos)z].4/3(CH3CN)}W, 1b. X-ray structure analysis of the
polymers related to each other as conformational supramo-cyystals with platelike morphology showed that two isomeric
lecular isomers.Different solvent molecules were associated polymer fragments were present in the same crystal. They
with each polymer. were one-dimensional coordination polymers related to each

Conformational Supramolecular Isomer {[Cd(L1)- other as topological isomet&:162° The asymmetric unit
(NO3)z]-CHCla}, 1a.For the crystals with needle morphol-  contained four separate residues: two MeCN solvent mol-
ogy, the asymmetric unit consisted of a Cd(ll) ion, a complete gcyles and the two polymer chaifib(1) and 1b(2). With
ligand (1), two NO;~ counterions, and one molecule of yegpect to the asymmetric unit, isonida(1) contained a Cd-
CHxCI, (Figure 1). The CHKCI, solvent molecule was () ion, two NOs;~ anions, and a complete ligand.1),
disordered over two sites with approximately equal oc- \yhereas isomelb(2) contained one-half of a Cd(ll) ion,
cupancy. Each ligand was joined to an adjacent symmetry- ;e NQ- anion, and one-half of a ligand.1) (Figure 2).
related ligand by a seven-coordinate Cd(ll) ion to form & The infrared spectrum showed three peaks in the;NO
one-dimensional polymer chain running in the [1 1 0] stretching region at 1481 (m), 1439 (s), and 1296 (bry’cm

direction (Figure 1). Each Cd(ll) ion was bound by a ¢onsistent with the N@ anions binding in both monodentate

NSNS O,"0™" donor set in which one of the NO anions and bidentate fashiorg.

was considered to be bidentate and the other monodentate.

Although one of the N@ ions was bidentate, ithad a small  (4) spek, A. L. PLATONActa Crystallogr A 1999 46, C-34.

bite angle and effectively occupied only one coordination (25) Gllen, F.CH.I;:D&\(ieﬁ, IJI.IEZE.;'\AG?\I/Ile,hJiIJé J'ghgsonr,] OJ.;NlI<er\1Arl1ard, 0.
H H Hr acrae, C. F.; Mitchell, E. M.; Mitchell, G. F.; Smith, J. M.; Watson,

site, allowing a pse_udo-octaheqlral description of the_geom- D. G. J. Chem. Inf. Comput. SA991 31, 187 204.

etry. The Cd-O distances (Figure 1) and analysis by (26) Bondi, A.J. Phys. Cheml964 68, 441-451.

24 i i (27) Nakamoto, Kinfrared and Raman Spectra of Inorganic and Coor-
PLATON*" supported .the assignment of b.ld.ent?te ?’nd dination Compoundssth ed.; Wiley-Interscience: New York, 1997;
monodentate N@ anions, although the distinction is Part B, pp 87-89.
not clear-cut. For the monodentate NOanion, the ggg JB?nli(ak,ACi- CBhemk- S?\,C"RDa(I;tﬁn Tran%OOQN 3385(—:3896'-\/I 5

.. . . ake, A. J.; brooks, N. R.; ampness, N. R.; Crew, M.; beveson,
Cd(l) O(12_) distance of 2.815(4) A was not considered A: Fenske, D.; Gregory, D. H.. Hanton, L. R.. Hubberstey, P.:
bonding as it was close to the longest value of 2.92 A for Schraer, M. Chem. Commur2001, 1432-1433.
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Figure 2. Perspective views of the two different chainslib showing

the coordination sphere of the Cd(ll) ions (crystallographic numbering).
The CHCN molecules are not shown. Thermal ellipsoids are drawn at the
50% probability level. (Top) View oflb(1l) showing bidentate and
monodentate N& anions. Selected bond lengths (A) and angles (deg):
N(2A)—Cd(1) 2.301(6), O(11yCd(1) 2.57(1), O(13)Cd(1) 2.64(1),
0O(23)—Cd(1) 2.388(7), S(2AyCd(1) 2.722(2), Cd(1yN(1) 2.338(7), Cd-
(1)—S(1) 2.723(2); N(2AyCd(1)-N(1) 172.8(2), N(2A}-Cd(1)-0O(23)
108.7(2), N(1)-Cd(1)-0O(23) 77.6(3), N(2A)-Cd(1)-0O(11) 98.5(3), N(1y
Cd(1)-0(11) 78.1(3), O(23yCd(1)-0O(11) 137.8(3), N(2)Cd(1)-0O(13)
79.3(3), N(1)-Cd(1)-0O(13) 93.9(3), O(23)Cd(1}-0(13) 167.2(3), O(11)
Cd(1)-0(13) 46.9(3), N(2A) Cd(1)-S(2A) 77.3(2), N(1)-Cd(1)-S(2A)
107.9(2), O(23yCd(1)-S(2A) 78.5(2), O(11yCd(1)-S(2A) 76.9(2),
O(13)-Cd(1)y-S(2A) 113.6(2), N(2AyCd(1)-S(1) 99.7(2), N(1)-Cd(1)y

S(1) 75.8(2), O(23yCd(1)-S(1) 96.7(2), O(11yCd(1)-S(1) 110.0(2),
O(13)-Cd(1)y-S(1) 71.7(2), S(2AyCd(1)-S(1) 172.94(5). (Symmetry
code: Ax, Yy, z— 1.) (Bottom) View oflb(2) showing monodentate NO
anions. Selected bond lengths (A) and angles (deg): -N8)2) 2.308-
(8), O(33)-Cd(2) 2.39(1), S(3YCd(2) 2.694(2); N(3)Cd(2)—N(3A) 180.0,
N(3)—Cd(2)-0(33A) 81.5(3), N(3)-Cd(2)-0(33) 98.5(3), O(33A)Cd-
(2)—0(33) 180.0(1), N(3)yCd(2)-S(3A) 102.4(2), N(3A}Cd(2)-S(3A)
77.6(2), O(33A)-Cd(2)—S(3) 75.0(3), O(33)Cd(2)-S(3) 105.0(3), S(3AY
Cd(2)-S(3) 180.00(2). (Symmetry code: AX, -y, —z.)

Topological Isomer 1b(1). The Cd(ll) ion of 1b(1)

Figure 3. View of 1b with hydrogens and solvent molecules omitted for
clarity. The isomeric chains are shown packed itbg1)—1b(1)—1b(2)
pattern forming a two-dimensional sheet in @xeplane.

ring in a trans fashion. The pyridine N donors pointed in
opposite directions in a trans configuration with respect to
each other. The three rings were approximately parallel to
each other, with one pyridine ring twisted by 8i@lative
to the central ring and the other twisted by 9.9

Topological Isomer 1b(2).In isomer1b(2), the Cd(ll)
ion was positioned on a center of symmetry and adopted a
distorted octahedral geometry. The Cd(ll) ion was bound by
a NSNS O"O" donor set, with symmetry-related donor
atoms binding trans to each other. The Ce{@Y33) bond
distance of 2.39(1) A together with the Cd{2P(31)
distance of 3.305(9) A clearly showed that the N@nion
was monodentate (Figure 2). The €@ distance was
identical to that for the monodentate nitrate of isorbr
(1). The Cd-S distance was slightly shorter than that found
in 1b(1) (Figure 2). The three rings of the ligand adopted
the same stepped anti arrangement found for isathét)
[torsion angle across the benzene ring S@j27)--C(27B)—
S(3B)= —180.0]. Both pyridine arms were twisted by 10.6
relative to the central ring. A fit of all non-hydrogen atoms
of the ligand in1b(1) to all those in1b(2) gave a weighted
root-mean-squared deviation of 0.36 A.

The polymeric isomerdb(1) and 1b(2) were essentially
the same in all respects except for the coordination arrange-
ment about the Cd(ll) ions and the torsion angles of the anti

adopted a seven-coordinate geometry with each Cd(ll) ion arrangement of1. In 1b(1), one of the N@ anions was

bound by a NSN&O,'O"" donor set. Each type of donor

bidentate, leading to seven-coordinate Cd(ll) ions and slightly

species was arranged in a trans manner about the centralonger metatligand bonds compared th(2). In addition,

Cd(Il) ion. One of the N@™ anions was bound in a bidentate

the two NG~ anions and the Cd(ll) cation of each isomer

fashion, and the other was bound in a monodentate fashionlay approximately in a plane with mean deviations of 0.185

(Figure 2). Although one of the NO ions was bidentate, it
had a small bite angle and effectively occupied only one

A for 1b(1) and 0.016 A forlb(2). The planar Cd(Ng),
moiety in1b(1)was arranged in an approximately orthogonal

coordination site, allowing a pseudo-octahedral description fashion relative to the same moiety1b(2) despite the two

of the geometry. The CdO distances (Figure 2) and analysis
by PLATON?* showed clearly that one nitrate anion was

bidentate and the other was monodentate. Also, the €d(1)

--0(21) distance of 2.94(1) A was at the limit of values found

chains running parallel to each other. The angle between the
Cd(NGs), mean planes was 106.5

The chains of both isomers propagated alongdfexis
and the adjacent chains were weakly held together to form

for bidentate nitrate ions in a search of the Cambridge sheets in thac plane with a repeatingib(1)—1b(1)—1b(2)

Crystallographic Database (CSD version 525)he Cd-S
distances fell approximately in the middle of the range of
Cd—thioether S bond lengths (2.62.98 A)2 The ligand

pattern (Figure 3). The chains were held together by two
sets of interactions. The stronger was a variety of interactions
of the type QN—0O---H—C involving both aryl and alkyl

was arranged in a stepped anti conformation [torsion angle hydrogens with separations in the range 2:3%5 A and

across the benzene ring S(IQ(7)--C(14)-S(2)= —170.7]

corresponding ©-C separations of 3.123.48 A. The

(Chart 1, Figure 2) such that the pyridine arm groups were remaining type of interaction was a very weak C(alkyl)
positioned on opposite sides with respect to the central areneH---arene(pyridine) interaction at a distance of 2.96 A. This
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distance was at the conventional van der Waals limit, but
CH/x interactions have been suggested to be effective at
distances beyond this valG&Each chain in the sheet was
offset from its neighbors by approximately one-half of a
ligand so that pyridine rings overlay with arene rings from
adjacent chains. The aromatic rings of neighboring chains
were too distant to take part ilm—s interactions, with the
shortest distance between centroids being 4.28 #Rhe
sheets were held together in a three-dimensional array by
further QN—0O---H—C interactions. A potential solvent-
accessible volume of 18.2% was occupied by MeCN
molecule$* and was the same as the volume occupied by
the CHCI, molecules inla.

Synthesis and Structure of [Cd2(L2)(NO3)4]-2CH3CN}..,
2:2CH3CN. A 1:1 molar reaction of Cd(N€),*4H,O and
L2 gave a pale brown solid in low yield. The complex had
a microanalysis consistent with a 2:1 metal-to-ligand ratio.
Subsequently, a pale brown powder was obtained from a
2:1 molar reaction of Cd(Ng,-4H,O andL2 in moderate
yield. Despite careful workup of the reaction solid and
filtrate, a 1:1 product could not be isolated. X-ray-quality
crystals were grown by the slow diffusion of a CHCI
solution ofL2 layered with a solvent blank of GEI, and
a MeCN solution of Cd(Ng).:4H,O. Orange crystals of
block morphology were found after 1 month.

X-ray structure analysis showed that the asymmetric unit
consisted of a Cd(ll) ion, one-half of a ligand?), two NO;~

Figure 4. Perspective view 02-2CHs;CN (crystallographic numbering)
showing the coordination sphere of the Cd(ll) ion and the conformation of
ligandL2. The CHCN solvent molecule is not shown. Thermal ellipsoids
are drawn at the 50% probability level. Selected bond lengths (A) and angles
(deg): N(1)-Cd(1) 2.369(2), N(2yCd(1) 2.405(2), O(12yCd(1) 2.484-

(2), O(13)-Cd(1) 2.456(2), O(21)Cd(1) 2.405(2), O(23yCd(1) 2.477-

(2), S(1)y-Cd(1) 2.6701(8), Cd(H)O(12A) 2.542(2); N(1}Cd(1)y-N(2)
81.19(6), N(1)Cd(1)y-0O(21) 83.83(6), N(2rCd(1)-0O(21) 164.24(6),
N(1)—Cd(1)-0(13) 83.03(6), N(2rCd(1)-0O(13) 86.47(5), O(21yCd-
(1)—0(13) 96.60(6), N(1)yCd(1)y-0O(23) 129.04(5), N(2yCd(1)-0O(23)
137.63(5), O(21)Cd(1)-0(23) 52.22(5), O(13)Cd(1-0O(23) 121.76-
(5), N(1)—Cd(1)-0(12) 128.85(5), N(2yCd(1)-0(12) 112.03(5), O(21)
Cd(1)-0(12) 81.36(6), O(13)Cd(1)-0(12) 50.85(5), O(23yCd(1)—
0(12) 74.33(5), N(1yCd(1)-O(12A) 152.09(6), N(2yCd(1)y-O(12A)
71.87(6), O(21) Cd(1)-O(12A) 122.14(5), O(13)Cd(1)-O(12A) 102.04-

(6), O(23-Cd(1)-O(12A) 71.65(5), O(12yCd(1)-O(12A) 70.23(7),
N(1)—Cd(1)-S(1) 77.07(4), N(2rCd(1)-S(1) 75.86(4), O2HyCd(1)-

S(1) 96.04(4), O(13)Cd(1)-S(1) 155.08(4), O(23)Cd(1)-S(1) 82.80-

(4), O(12)-Cd(1)-S(1) 152.96(4) and O(12A)Cd(1)-S(1) 89.18(5).
(Symmetry code: A-x, —y, —z)

anions, and a MeCN molecule. The structure was generated

by a center of inversion, with the Cd(ll) ion adopting an
eight-coordinate geometry with each Cd(ll) ion havinggN
SN,,O,'O;'O"" donor set (N, = pyridine N donor, N,
pyrazine N donor) (Figure 4). The two NOions chelated

to the Cd(ll) ion in a cis relationship to each other, with
another O atom from a N bound to an adjacent Cd(ll)
center also binding. The two bidentate N@nions had small
bite angles and could be viewed as effectively occupying
only one coordination site each, leading to a pseudo-
octahedral description of the geometry. The ligand was
arranged in an anti fashion, with each set gj¥,S donors
binding to a Cd(ll) ion in a pseudo-facial manner to give a
centrosymmetric dinuclear [GEL2)(NOs)4] moiety. The anti
arrangement caused the pyridine rings to be stepped at’107.5
relative to the pyrazine ring. The structure was polymeric
and consisted of repeating dinuclear Q@ )(NOs),] units
(Figure 5). The individual Cé(L2)—Cd units were linked
together to form a one-dimensional chain through bridging
of the NG;~ anions on each Cd(ll) ion. The polymer formed

a zigzag chain that propagated along &hexis. In addition,

for one of the N@ anions, one bound O atom was also
used to bridge between two Cd(ll) centers from different
dinuclear units in a:-1,1-O fashion. This formed a planar

S
centrosymmetric CdO—Cd—0 square that served as the
polymeric link for the system (Figure 5). This was a novel
structural feature both for Cd(ll) systems and as a connecting

(30) (a) Umezawa, Y.; Tsuboyama, S.; Honda, K.; Uzawa, J.; Nishio, M.;
Bull. Chem. Soc. Jpr1998 71, 1207-1213. (b) Nishio, M.; Umezawa,
Y.; Hirota, M.; Takeuchi, Y.Tetrahedron1995 51, 8665-8701.

Figure 5. Views of polymer2:2CH;CN with hydrogens and solvent
molecules omitted for clarity. (Top) View of the zigzag polymer chain lying
along thea axis. (Bottom) View of2-:2CH;CN showing the N@ bridging

1
between the Cd(ll) ions to form a €D—Cd—O square.

group for coordination polymers. Similar examples of this
motif have been found for discrete Agh,Ca(ll),*?> Nd-
(1), 33 Gd(I11),3* Ce(l11),35 Y(II1), 36 La(lll),36 and two dif-

(31) Nardelli, M.; Pelizzi, C.; Pelizzi, G.; Tarasconi, P. Chem. Soc.,
Dalton Trans.1985 321-331.

(32) Chen, X.-M.; Mak, T. C. Winorg. Chem 1994 33, 2444-2447.

(33) Huang, C.; Jin, X,; Xia, Y.; Xu, GSci. Sin. B (Engl. Ed)987, 785—
793.

(34) Goodgame, D. M. L.; Lalia-Kantouri, M.; Williams, D. J. Crystal-
logr. Spectrosc. Re4993 23, 373-380.

(35) Hashimoto, M.; Takata, M.; Yagasaki, org. Chem 2000 39,
3712-3714.
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Figure 6. View along thea axis showing the packing of polymgr2CHs-
CN. The sheets formed by SS interactions (indicated by dotted lines) are
shown, as are MeCN solvent molecules in cavities (hydrogen atoms omitted).

ferent Hg(ll) system&! Except for the Ce(lll) syster¥,all

of these complexes had a planar arrangement for the M
(NOs), moiety. In contrast, compoun2t2CH;CN had one
NO;~ above and the other below the plane of the square

Cd—0O—Cd—0 link, with the planes of the bridging NO
anions tilted at 125to the plane of the square. The infrared
spectrum in the N@ stretching region was complicated with

peaks at 1493 (s), 1474 (s), 1452 (s), 1326 (s), 1284 (s), and

1266 (s) cm? consistent with the different binding modes
of the NG;~ anions found in the compleX:3"

The one-dimensional zigzag chains were held together to
form two-dimensional sheets in the diagonaH1 0) plane
by interactions between the S atoms of the ligands 5=
3.41 A). There were no interactions between the sheets,
which packed together such that the pyridine arms of the
ligands were interdigitated. This packing afforded cavities
between the sheets, with a potential solvent-accessible
volume of 20.696* which were able to contain MeCN
solvent molecules (Figure 6). The array was held together
in three dimensions by weak intermolecular interactions
between the MeCN molecules residing in the solvent cavity,
the O atoms on the N ions and H atoms from three of
the linear polymeric chains.

Synthesis and Structure of{[Cd(L2)Cl,]-2CH,Cl3} «,
3:2CH.Cl,. A 1:1 molar reaction of CdGi2.5H,0 andL2
produced a pale brown solid in moderate yield that had a
microanalysis consistent with a 2:1 metal-to-ligand ratio.
Subsequently, a pale brown powder was obtained in better
yield from the above reactants in a 2:1 molar ratio. As in
the case 02-2CH;CN, the 1:1 product could not be obtained.
X-ray-quality crystals were grown by the slow diffusion of

(36) Hudson, M. J.; Drew, M. G. B.; Foreman, M. R. St. J.; Hill, C.; Huet,
N.; Madic, C.; Youngs, T. G. ADalton Trans.2003 1675-1685.

(37) (a) Alyea, E. C.; Dias, S. A.; Ferguson, G.; Siew, PCén. J. Chem.
1983 61, 257-262. (b) Krumm, M.; Zangrando, E.; Randaccio, L.;
Menzer, S.; Danzmann, A.; Holthenrich, D.; Lippert,IBorg. Chem
1993 32, 2183-2189.
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Figure 7. Perspective view of the polymeric cha®2CH,CI, (crystal-
lographic numbering) lying along theaxis, showing the coordination sphere
of the Cd(ll) ion. The CHCI;, solvent molecule and hydrogen atoms are
not shown. Thermal ellipsoids are drawn at the 50% probability level.
Selected bond lengths (A) and angles (deg): N@(1) 2.350(3), N(2¥
Cd(1) 2.480(2), S(+)Cd(1) 2.6865(9), CI(1A)yCd(1) 2.5664(9), Cl(Ly
Cd(1) 2.671(1), CI(2)Cd(1) 2.5132(9); N(1yCd(1)-N(2) 87.00(9), N(1)
Cd(1)-CI(2) 91.60(7), N(2)-Cd(1)-CI(2) 169.57(5), N(1)Cd(1)-CI(1A)
99.44(7), N(2)-Cd(1)-CI(1A) 89.55(5), CI(2)-Cd(1)-CI(1A) 100.87(3),
N(1)—Cd(1)-CI(1) 164.31(7), N(2)Cd(1)-ClI(1) 81.45(6), Cl(2)-Cd(1)-
Cl(1) 97.83(3), Cl(1yCd(1)-CI(1A) 91.10(2), N(1)-Cd(1)-S(1) 75.67-
(7), N(2)-Cd(1)-S(1) 73.17(5), Cl(2yCd(1)-S(1) 96.47(3), CI(1AY
Cd(1)-S(1) 162.14(2), CI(£yCd(1)-S(1) 90.76(2). (Symmetry code: A
1-x1-y,1-2)

Figure 8. View along theb axis for polymer3-2CH,Cl, showing
interdigitation of chains and GJ€I, solvent molecules in cavities (hydrogen
atoms omitted).

a CHCE solution ofL2 layered with a solvent blank of GH

Cl; and a MeOH solution of CdgR.5H,0. Orange crystals

of block-shaped morphology were found after 2 months.
The X-ray structure 08-2CH,Cl, was very closely related

to that of2:2CH;CN, except that the Cd(ll) ion adopted a

genuine six-coordinate geometry. The ligand was arranged

in an anti fashion, with facial coordination of the Ginions,

to give a centrosymmetric dinuclear [&d2)Cl,] moiety

(Figure 7). The structure was polymeric and consisted of

repeating [Ce(L2)Cl4] units linked together to form a one-

dimensional chain through bridging of the Ginions. The

polymer formed a zigzag chain that propagated alongthe

axis. The structure showed interdigitation of the chains

(Figure 8) and was packed in a manner similaR{®dCHs-

CN and to the closely related protopolymeric complex4Cu

(L2)Cl4).22 Solvent CHCI, molecules, which were disordered

over two sites about a-€Cl bond, resided in voids between

the chains (potential solvent-accessible volume 27 8&)d
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Figure 9. Comparison of (a) experimental PXD data for solvated crystals 0f (&) bulk1 to those of (b)la and (c)1b.
of lato (b) calculated pattern from single-crystal X-ray dataXer ) ) ) ) )
This was in contrast to previous coordination polymers of

L1 with silver or copper where only the anti form was found.
Interestingly, the PXD patterns for desolvated bulk samples
of 1 and desolvated samples b& and 1b were all very
similar (Figure 11). Again, minor differences in intensities
LLI ‘HM Wm b might have arisen from the preferred orientation of certain
v

reflections caused by sample preparation. Hence, upon
desolvation, the crystalline formka and 1b both adopted
the same structure as each other and as the bulk desolvated

WM‘/JL)"\M\;WW\/ W pn s s N

Intensity / arb units
(2
— ———
=

material ofl. The PXD patterns were completely different

L a from the calculated or experimental patterns of any of the

| ] W ; ‘ solvated forms ofl. Thus, the three desolvated materials all
0 Lottt s s mmss s ms e e il adopted a common structure that was different from the
10 b % 40 %0 & 7 solvated forms. This common structure must have resulted

Two theta / °
Figure 10. Comparison of (a) experimental PXD data for bulk sample of from not Only rearrangement caused by loss of solvent but

1 to (b) calculated pattern from single-crystal X-ray datafar also, in at least some or all of the materials, from changes

. L o ) i in the ligand conformation as well.
were involved in linking the chains into a three-dimensional Unfortunately, several attempts to measure the PXD

array through weak G+H—C interactions inthe range 266 aten of the solvated form dfb and to compare it with

2.74 A% corresponding to Gi-C separations of 3.588.67  he pXD pattern calculated from the single-crystal X-ray data

A, , i , ) were unsuccessful, as all of the patterns obtained showed
Powder X-ray Diffraction Studies. Powder X-ray dif-  hat the material had undergone loss of solvent. This

fraction (PXD) studies were undertaken to investigate further yosolvated material was found to decompose at’T@For

the characteristics of these coordination polymers of cad- compounds2 and 3, the PXD patterns measured for bulk

mium(ll) and, in pa_lrticular, to compare the solvated forms solvated samples were in good agreement with the PXD

and the bulk material of. The PXD patterns were recorded patterns simulated from the respective single-crystal X-ray

for solvated and desolvated samples from bulk preparationsy,io  as expected, desolvated bulk sample<2 adind 3

of 1-3 and from samples ofa and1b prepared by slow  roquced PXD patterns that were different from those

crystallization. Comparison of the patterns for a solvated bulk jpiained for the solvated forms of these materials.
sample ofl and a sample ofla showed that, with the

exception of a few intensity differences, the patterns were Conclusion

?n goqd agreement with each other. The 'differ.ences in The complexes of1 were found to display a remarkable
intensity might have been due to preferred orientation of the degree of structural diversity for one-dimensional polymers.

{aowder sa_mplets”caused duréng St?mple rl)reparanon. Thezerhis was despite the fact thiat was predisposed to forming
wo expeergtrr]] ?hy g];gsur: pa Frnlstads? We{ﬁ m_golo only one-dimensional polymers as a consequence of the
agreement wi € patiern caiculated from the singie- arrangement of its donor groups in chelating compartments.
crystal X-ray data fofla (Figures 9 and 10). Also these two In the solid state, complexes &fL were able to exist as

solvated materials were found to decompose at the SAM&hree different polymeric chains that exhibited two different

_temhperature. Thusi, of tf:jelt)wocﬁonfirm_ations Itr:jr foundh types of isomerism. The flexibility of ligandl allowed the
In the structures olaan (Chart 1), it was the gauche ligand to adopt different conformatiohsnd gave rise to

and not the anti form that was present in the bulk material. conformational supramolecular isomeridiihe versatility

(38) Aullon, G.; Bellamy, D.: Brammer, L.; Bruton, E. A.; Orpen, A. G. of NO3~ coordination gave rise to topological isomerism in
Chem. Commuri998 653-654. which two different isomeric polymer chains formed a single
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network superstructuré:*>2°The packing efficiency of the ~ However, trans N@ anions themselves were found to be
structureslb and2:2CHs;CN, that were not disordered was able to influence array formation in their own way. By being
analyzed using PLATOR! and the packing indices were able to adopt different binding modes and relative orienta-
calculated to be 0.69 and 0.73, respectively. For the tions they can, as described above, give rise to topological
disordered structurelsaand3-2CH,Cl,, packing indices were  or even types of supramolecular isomerism.

estimated by averaging the values obtained from the struc- While the flexibility of the ligands allowed for supramo-
tures of each of the two disordered solvent components, lecular isomerism, it, in turn, meant complexes with interest-
weighted for their occupancy. The values of 0.69 and 0.72 ing structural diversity were obtained.

ot_)tained forla and 3-2CH,Cl, respectively, were in line Acknowledgment. We thank Professor Ward T. Robin-
with those for the related structurés and2-2CH,CN. In son and Dr. Jan Wikaira (University of Canterbury) for X-ray

add_iti_o_n to structural diversity, a fur_ther consequence of the data collection; the Department of Chemistry, University of
flexibility of L1, when compared with2, was the slightly Otago, for financial support; and the Royal Society of

less efficient pagkmg of the structures. The I|ga®adqptgd Chemistry for a Journal Grant for International Authors
a more constrained arrangement through facial binding to (L.R.H)

the Cd(ll) cation, and this resulted in analogoussN@nd

CI~ bridged one-dimensional polymers being formed. Sur- Supporting Information Available: An X-ray crystallographic

prisingly, these network superstructures were largely unaf- file in.CII.: formf’;\t for the structure detgrmination @f-3. This

fected by the incorporation of different solvent molecules. material is available free of charge via the Internet at http://
In addition, NQ~ anions arranged in a cis fashion about pubs.acs.org.

a Cd(Il) cation appeared to be more able to assist directly in 1C048473K

forming arrays than those bound in a trans fasifonhis

(39) (a) Barnett, S. A.; Blake, A. J.; Champness, N. R.; Nicolson, J. E. B.;

suggested that facial-directing ligands such_astogether Wilson, C. J. Chem. Soc., Dalton Tran001, 567-573. (b)

with Cd(NGs), might have a niche role in the formation of \lf\ilittf)lgrstiy, Ml-: Ag I?_]Iﬂe, MA.JJ-';A Ch%rnpnesss, (lz\ldo%;lggo‘lf&ﬁ A
. . . . . . upberstey, P.; SC r, .JoAM. em. S0

anlpn—br|dg§d coordlngtlo_n polymers, particularly given the 4046. (c) Dong, Y.-B.: Layland, R. C.. Smith, M. D.. Pschirer, N. G.:

variety of different bridging modes for the NO anion. Bunz, U. H. F.; zur Loye, H.-Clnorg. Chem1999 38, 3056-3060.

2552 Inorganic Chemistry, Vol. 44, No. 7, 2005





