Inorg. Chem.2001,40, 7027-7031 7027

Self-Assembly of One-Dimensional Coordination Polymers from AgX (X= CF3SOs~, ClO4~,
and NO3™) and 2-Aminomethylpyridinedipropionitrile (2-AMPDPN)
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Three novel supramolecules whose topologies depend on the counteranion, [Ag(2-AMPDPNpCQRSO;~

(1), CIO4~ (2), and NQ~ (3)), have been prepared by the self-assembly of AgX=>CFS0O;~, ClO4~, and

NO3™) with 2-aminomethylpyridinedipropionitrile (2-AMPDPN). The crystal structures reveal different packing
arrangements of the one-dimensional infinite coordination polymers. Compgbismthade up of ladder chains

that are interlocked by cyano groups, while the polymeric chaidisfisomorphous td except for the Ag-Ag
interaction. Compound consists of helical chains that are surrounded by nitrate. The adjacent helical chains are
racemic. The structures @&f 2, and3 suggest the role that the counterions may play in the network construction.

Introduction of new and varied topological types. In addition, the control of
the network topology is a challenge in the metal coordination
field because the ancillary ligation by the anion may result in
a remarkable structural chan¥arious ligands have been used
for supramolecular building blocks, but exploitation of the
%-aminomethylpyridinedipropionitrile (2-AMPDPN) has until
recently remained unprecedented. The ligand possesses two
functionalities with the pyridine and the cyano moieties. The
affinity of Ag™ for N-donor ligands, especially pyridine and
the cyano group, is well known. Rajasekharan et al. reported
the polymeric compounds of the type AgLGIQL = amino-
methylpyridine)*® We envisioned that if the multifunctional
ligand possesses two functionalities containing pyridine and the
cyano moieties, the ligand serves to illustrate the profound
changes in the polymeric architectures. The silver(l) ion can be
employed as an angular directional unit, as it is known to exhibit
a linear or T-shaped coordination mdde.

In this paper, we report three novel supramolecular com-

The recent progress in the field of crystal engineering based
on polymeric coordination has been devoted to the use of novel
polydentate ligandsMuch study has centered upon the use of
supramolecular contacts between suitable molecules to generat
multidimensional arrays or networks. The design of supra-
molecular assemblies via ligand design, the coordination
characteristics of the metal ion, and the length of the spacer
has resulted in a variety of structural mo#éfslore subtle effects
on the topological configuration such as anion control are
receiving renewed attenticriThe simple strategy of combining
metal centers with polyhapto bases can generate crystalling
architectures with obvious implications for the rational design
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pounds, [Ag(2-AMPDPN)X] (X = CRS0;~, CIO4~, and
NOs™), which serve to illustrate the profound change in the
polymeric structures caused by a simple variation in the
counteranion.

Results and Discussion

Construction of Self-Assembly Compoundd, 2, and3 were
synthesized by the self-assembly of AgX€XCRSG;~, ClO,,
and NG, respectively) with 2-aminomethylpyridinedipropi-
onitrile (2-AMPDPN) in THF (Scheme 1). Compounds 2,
and 3 are soluble in acetonitrile and MeOH but insoluble in
THF and acetone. Thigd and'3C NMR spectra fol—3 support
the chemical formulation of the three complexes. One singlet
(3.87 ppm) and two triplets (2.92 and 2.60 ppm) intHeNMR
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spectrum and three singlets (60.51, 49.75, and 16.15 ppm) inTable 1. Crystal Data of Compounds 2, and3
the*C NMR spectrum o® could be assigned to the methylene 1 2 3
groups. The signals of all the aromatic protond 68 are shifted empirical  CisHiFaNsO:SAg CoH1CINGOAG  CrHiaNsOsAg
downfield relative to those of the free ligand. Thesl values formula
of 1—3 (2248-2275 cn1?) in the infrared spectrum show a  mol wt 512.27 421.59 384.15
higher G=N stretching frequency than that of the ligand (2232 cryst syst PYE?HOC”niC szn;)nOC”niC P20r2th20rh0mbi0
—1) 6 i itri ihi i space group 1/C 1/C 12121
cm ).. In general, a coordinated n|tr|Ie exh|b|ts a higher a 10.7590(15) 9.5444(14) 8.5485(14)
stretching frequency than the uncoordinated ligand. Although b A 12.7771(18) 18.787(3) 12.781(2)
the stoichiometry of Ag(l)/2-AMPDPN in1—3 is the same, the c A 14.927(2) 8.6969 13.333(2)
coordination numbers of the Ag(l) ion as well as the topologies g, deg 99.825(3) 90.325(3) 90
of 1-3 are different. The coordination numbers of the Ag(l) V, A3 2021.9(5) 1559.4(4) 1456.7(4)
ion of 1—3 are three, four, and four, respectively. The topologies Z , 4 4 4
of 1—3 are a 1-D ladder arrangement, a 1-D ladder arrangementD“(‘:“r;‘T% cm 1?22 i'zgg ﬂlgi
with Ag—Ag contact, and a 2-D helical network, respectively. ﬁb_ of obsd 4850 3718 3504
Description of the Molecular Structure of [Ag(2-AMPDPN)]- reflns
(OTf)-CH3CN (1). A crystal of 1 suitable for an X-ray R1 0.0441 0.0687 0.0548
diffraction study was grown from acetonitrile/ether. A summary WR2 0.1225 0.2055 0.2128
1.033 1.188 1.260

of the data collection and crystallographic parametersl fisr

given in Table 1. The relevant bond lengths and angles are o ) )
shown in Table 2. The molecular structureldé given in Figure coordination of the cyano group from different subunits. Each

1. As illustrated in Figure 1, the silver(l) ion is coordinated to  2-AMPDPN links three Ag(l) atoms because two cyano groups
one nitrogen atom of the 2-pyridyl group as well as to two cyano of the ligand coordinate two nelghborl_ng silver(l) _ato_ms.
groups from two different 2-AMPDPN ligands. The Alpyriay Therefore, the structure df becomes a linear coordination

and Ag-Neyano bond distances are 2.219(3) and 2.176(3) polymer (Figure 1). The symmetri'c unit dfconsi.sts of'two
2.445(4) A, respectively. The bond angle of NEAg—N(4) Ag(2-AMPDPN)OTf subunits forming the repeating unitin

is 154.25(13). The coordination geometry around Ag(l) is best Because two cyano groups from diff(_erent ligands are coordina_ted
described as a distorted T-shaped coordination. Such a geometr{P the two silver atoms, the crystal is made up of ladder chains
has also been observed in a number of polymeric silver (l)
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Figure 1. (a) ORTEP drawing of [2-(AMPDPN)Ag](OTf]l showing the local coordination of Ag(l) and the atomic numbering scheme with 50%
probability thermal ellipsoid depicted. (b) Stick representation of the ladder structure. The counteranions were omitted for clarity. (c) Packing
diagram of1.

Table 2. Selected Bond Lengths (A) and Angles (deg) Important interaction, a feature documented in polynuclear silver(l)

for Complexesl, 2, and3* complexe$ The coordination geometry around Ag(l) is best
[Ag(2-AMPDPN)](OTf)-CHsCN 1 described as a distorted tetrahedral configuration.

Ag—N(2) 2.176(3) Ag-N(4) 2.219(3) The symmetric unit o2, shown in Figure 2, consists of two

Ag—N(3)' 2.445(4)  N(3y-Ag' 2.445(4) Ag(2-AMPDPN)CIQ, subunits. Each 2-AMPDPN ligand binds

N(2)—-Ag—N(4) 154.25(13) N(2>Ag—N@)i  102.19(13)
N(4)-Ag—N(3)i  97.84(13)

[Ag(2-AMPDPN)(CIQy)] 2

three different Ag(l) ions, and each Ag(l) ion is linked with
three 2-AMPDPNS, the structure of which becomes a 1-D layer.
The Ag—Npyridyt @and Ag—Ncyano bond distances are 2.180(6)

ﬁg:ﬁggn g:igg((%) ﬁggt.’\,{\(;)l 5:238(2%)15) and 2.589(9) A, respectively. The bond lengthening of-Ag
Ag-++N(1) 2.794(6) Neyanois caused by the weak interaction of the-Agg bond.
N(4)—Ag—N(3) 92.7(3) N(4y-Ag—Agd! 100.89(17) The bond angle of N3Ag—N4 is 92.7(3). The significant
N(3);i—Ag—Ag' i 71.6(2)  N(2J—Ag—N(4)  168.7(3) distortion is believed to be caused by the proximity of another
N()'=Ag—N(@)  90.9(3) perchlorate oxygen atom. The perchlorate ions are coordinated
AGN(@ [Pég(zi-é“('\lﬂlF;D:&)l(;\l'\?g)ll)S 2.285(8) to the Ag(l) ions (Ag--O = 2.863(3) A) and connect the
AG(1)-0) 2.692(11) Ag(2r0(3) 2'895(11) mzlgcu(ljes (Elgure t20). Qtne ox%;}gen atom of thefp()ez;c;lorztg |£)7n
N(4) ~Ag(1)-N(1) 151.0(4)  C(12)-N(4)—Ag(1) 169.9(10) is disordered over two sites with occupancies of 0.73 and 0.27.
C(5)-N(1)—-Ag(1l) 119.6(6) C(1}yN(1)—~Ag(l) 122.4(7) The interplay between the interactions causes the formation of

. . the Ag—Ag interactions of 3.2992(15) A. The polymeric chain
& Symmetry transformgt_lpns used to generate equivalent atoms: ForOf 2iis similar to1 except for the Ag-Ag interaction, although
i’ (2I) _;( _i i 21 (is +_i+(u)1 _Xy+_12 +y1J_r Ebré J(ri)l)'( Iioglzz (I_)y X its structure is slightly more distorted. The Agdqg interaction,
Y, —z 4 1. constrained by the two bridged ligands, is slightly longer than
. those of several polynuclear silver complexes. The presence of
that are mterlqcked by the cyano group (Al = ,2'445(4) the weak Ag-Ag bond of2 gives the appearance of a distorted
A). The triflate ions do not coordinate to the Ag(l) ions and are ladder formation. The lattice grows so that channels are
located between the layers. generated which accommodate the £1@ounteranions. Similar
Description of the Molecular Structure of [Ag(2-AMPD- topologies for such polymeric networks have been previously
PN)(CIO4)] (2). An ORTEP drawing of the cation idis given described. The main difference in the structural topologies
in Figure 2. Table 2 shows the selected bond distances andyenyeert and2 may be attributable to the intervention of the

angles. The symmetric unit df contains two AgNsCs ten- aq(j) jons of the noncoordinating and coordinating anions and
membered rings. In the solid state, the Ag(l) center is coordi- o chjatrate molecules.

nated to one nitrogen atom of the 2-pyridyl group with a/Ad
bond distance of 2.180(6) A and two cyano groups from two (8) (a) Singh, K.; Long, J. R.; Stavropoulos, 2 Am. Chem. Sod997

different 2-AMPDPNs with Ag-N distances of 2.158(7) and 119, 2942. (b) Eastland, G. W.; Mazid, M. A.; Russell, D. R.; Symons,
2.589(9) A and one weak AgAg bond with a Ag-Ag bond M. C. R.J. Am. Soc., Dalton Trand98Q 1682. (c) Masciocchi, N.;
distance of 3.2992(15) A. Although the nature of the-Ap X&reéh“é;iqcé‘gé%gi; ﬁ'éog'é Ly Ardizola, G. A.; Monica, G. 0.
interaction is not clearly understood, the weak Ag@IO4~ © (@) 'Losier, 'p_; Zaworotko, M. .Angew. Chem., Int. Ed. Engl996

bond probably contributes to the formation of the Adg 35, 2779.
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Figure 2. (a) ORTEP drawing of [2-(AMPDPN)Ag(CI£)] 2 showing the local coordination of Ag(l) and the atomic numbering scheme with 50%
probability thermal ellipsoid depicted. (b) Stick representation of the ladder struct@rerbe counteranions were omitted for clarity. (c) Packing
diagram of2 showing the interaction of the perchlorate ions.

Figure 3. (a) ORTEP drawing of [2-(AMPDPN)Ag(N§)] 3 showing the local coordination of Ag(l) and the atomic numbering scheme with 50%
probability thermal ellipsoid depicted. (b) Space-filling representation of the helical polymer. The counteranions were omitted for clarity.

Description of the Molecular Structure of [Ag(2-AMPD- coordinates to a neighboring silver(l) ion. There are two
PN)(NO3)] (3). An ORTEP view of [Ag(2-AMPDPN)(NQ)] symmetry-related polymeric chains through the unit cell. The
is shown in Figure 3. The relevant bond lengths and angles arestructure may be viewed as being made up of alternating layers
shown in Table 2. In the solid state, the Ag(l) ion is coordinated of polymeric chains and cations. The 2-fold screw symmetry
to one nitrogen atom of the 2-pyridyl group and two different causes the polymeric chains to assemble in a helical fashion.
2-AMPDPNs as well as to two oxygen atoms of the nitrate Similar helical coordination polymers have been well docu-
anion. The Ag-Ngyrigyi and two Ag-Ncyanobond distances are  mentedi® Because all the chains propagate inxgglane, there
2.285(8) and 2.212(11) A, respectively. For the weakly coor- are two enantiometric helices through the unit cell. This
dinated nitrate anion, the two AgD bond distances are formation produces 4.5 A wide tunnels along bhaxis. Another
2.692(11) and 2.895(11) A, respectively, and the bond angle of unusual feature of the structure is that each helix is networked
O—N—-0O is 43.4(3}, which is smaller than that of [Ag- through a weak AgN interaction by the cyano group of the
(C14H20N6)(NO3)].42 The coordination geometry about Ag(l)  adjacent helix with a AgN distance of 2.695(8) A, leading to
may be described as a distorted tetrahedral geometry. Eachthe formation of a N-bonded string of helices along the
2-AMPDPN links two Ag(l) ions because only one cyano group axis.
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Conclusion 2-AMPDPN (0.3 g, 1.4 mmol) dissolved in THF (10 mL). A colorless
L precipitate was formed, and the crude product was separated by

Three novel supramolecular coordination polymers WhOSe fiiation, Recrystallization from acetonitrile/ether gave plirier 92%
structures depend on the counteranion have been prepared fronjie|q. Mp: 148°C. *H NMR (CD:CN): 6 8.60 (d,J = 5.12 Hz, 1H,
the reaction of AgX (X= CRSG;™, CIOs~, and NQ™) and aromatic protor), 7.96 (dt,J = 7.80 Hz,J = 1.50 Hz, 1H,aromatic
2-aminomethylpyridinedipropionitrile (2-AMPDPN). The struc-  protor), 7.60 (d,J = 7.8 Hz, 1H,aromatic protoR, 7.49 (m, 1H,
tures of these complexes were characterized by X-ray analysis.aromatic proton), 3.93 (s, 2H, €ly), 2.96 (t,J = 7.20 Hz, 2H, Gi,),
As a consequence, a remarkable structural change in the silver2.65 (t,J = 7.20 Hz, 2H, ®&1,). **C{'H} NMR (CDsCN): ¢ 157.67,
(|) Comp|exes was observed. Comp|&xconsists of ladder 151.92, 140.19, 126.32, 125.04, 120.24, 60.54, 49.50, 15.83. IR (KBF
chains in which two cyano groups of the ligand coordinate to Pellet; cm™): 3150 (w), 2858 (w), 2255 (m), 1599 (w), 1475 (w), 1438
two neighboring silver(l) atoms. The polymeric chaindfs (W), 1253 (s), 1164 (s), 1031 (s), 970 (W), 794 (w), 761 (m), 638 (s),
isomorphous to that af except for the Ag-Ag interaction in 574 (‘,N)’ 518 (m), 428, (m). Anall. Calcd forihFsNsOsSAg: C,

) . . . . 35.17; H, 3.35. Found: C, 34.64; H, 3.21.
the unit. Complex3 consists of helical chains which are .
coordinated by the nitrate and 2-pyridyl groups as well as two _ - reparation of [AgR-AMPDPN)CIO4] (2). Compound2 was
. g . prepared using the same procedure as that describdd Rure2 was

cyano groups from two different ligands. The grray with an isolated by recrystallization from GEN/EO at—5 °C in 86% yield.
ex_tendegl structun_e runs to_ward a crysta_llograph|c 2-fold screw Mp: 210°C (dec).'H NMR (CDsCN): & 8.55 (d,J = 4.84 Hz, 1H,
axis. Adjacent helical chains are racemic. The structurels of  gromatic proton), 7.90 (dt,d = 7.80 Hz,J = 1.50 Hz, 1H,aromatic
2, and 3 imply the role that the counterions may play in the protor), 7.55 (d,J = 7.80 Hz, 1H,aromatic protoi, 7.43 (m, 1H,
topologic construction. In the silver(l) coordination polymers, aromatic proton), 3.87 (s, 2H, €l,), 2.92 (t,J = 6.90 Hz, 2H, G,),
a significant conformational change has been achieved by subtle2.60 (t,J = 6.90 Hz, 2H, &1,). *C{*H} NMR (CDs:CN): o 158.06,

changes in the nature of the counterions. 151.55, 139.81, 126.01, 124.82, 120.17, 60.51, 49.75, 16.15. IR (KBr
pellet; cnTt): 3010 (w), 2275 (m), 2019 (w), 1369 (w), 1083 (s), 935
Experimental Section (w), 769 (w), 628 (s), 464 (W), 424 (w). Anal. Calcd forE14Ns-

ClO/Ag: C, 34.18; H, 3.34. Found: C, 33.92; H, 3.24.

Preparation of [Ag(2-AMPDPN)NO3] (3). Compound3 was
prepared using the same procedure as that describdd Pure3 was

All experiments were performed using standard Schlenk techniques.
Tetrahydrofuran and diethyl ether were distilled from sodium ben-
zophenone. Acetonitrile was distilled from Caldnd ethyl alcohol was f AR : -
distilled over Linde tye 4 A molecular sieves. Théi and3C NMR isolated by recrystallization from G&N/EO in 75% y|eld'. Mp: 119
spectra were recorded on a Varian Mercury 300 spectrometer operating. C: \H NMR (CDsCN): 4 8.60 (d.J = 4.80 Hz, 1H aromatic protop,
at 300.00 and 75.44 MHz, respectively. Chemical shifts were referenced /93 (dt,J = 7.80 Hz,J = 1.50 Hz, 1H,aromatic proto, 7.58 (d,J
relative to TMS. The IR spectra were recorded on a Shimadzu FT-IR = /-80 Hz, THaromatic protop, 7.46 (m, 1Haromatic protop, 3.93
8501 spectrometer, and elemental analyses were performed with a CarldS: 2H, Gz), 2.94 (t, 2H, G12), 2.65 (t, 2H, Gy). **C{*H} NMR (CDs-

Erba Instruments CHNS-O EA 1108 analyzer. CN): 6 158.00, 151.92, 139.98, 126.15, 124.91, 120.23, 60.69, 49.74,
The starting materials, AQNAGOTY, and AgCIQ, were purchased ~ 19:99- IR (KBr pellet; cm’): 3015 (w), 2854 (w), 2248 (m), 1645
from Aldrich, and 2-aminomethylpyridine was purchased from Lan- (W) 1596 (W), 1568 (w), 1384 (s), 1134 (m), 1097 (w), 1039 (m), 962

caster. (w), 867 (m), 825 (m), 545 (w), 499 (w), 407 (w). Anal. Calcd for

Preparation of 2-Aminomethylpyridinedipropionitrile (2-AMP- CiH1NsOAg: C, 37.51; H, 3.66. Found: C, 37.22; H, 3.48.

DPN).** A mixture of 2-aminomethylpyridine (1.01 mL, 1 mmol), X-ray Crystallography. Details of the crystal data and a summary
excess acrylonitrile (10 mL), and glacial acetic acid (0.11 mL, 2 mmol) of the intensity data collection parameters o2, and3 are given in
was heated at reflux for 24 h. The volatile material was removed in Table 1. The crystals df, 2, and3 were grown from an acetonitrile/
vacuo. The viscous residue was extracted with chloroform (20 mL). ether solution at-5 °C. The crystals ofl, 2, and3 were attached to
The solution was then treated with saturated ammonia solution (10 mL). glass fibers and mounted on a Bruker SMART diffractometer equipped
The organic phase was separated and washed with water (10 mL). Purewith a graphite monochromated MoaK(Z = 0.710 73 A) radiation
2-AMPDPN was isolated by a chromatographic workup (eluent, source and a CCD detector; 45 frames of two-dimensional diffraction

chloroform,R; = 0.42) in 88% yield*H NMR (CDCly): ¢ 8.53 (d,J images were collected and processed to obtain the cell parameters and
= 8.24 Hz, 1H,aromatic proton, 7.25 (ddJ = 8.24 Hz,J = 7.82 Hz, orientation matrix. All data collections were performed at room
1H, aromatic proton, 7.55 (d,J = 7.82 Hz, 1H,aromatic protor), temperature.

7.25 (m, 1H,aromatic protof, 3.92 (s, 2H, €iz), 2.99 (t,J = 6.60 The raw data were processed to give structure factors using the
Hz, 2H, (Hy), 2.52 (t,J = 6.60 Hz, 2H, G1y). SAINT program. Each structure was solved by direction methods and

Preparation of [Ag(2-AMPDPN)](OTf) -CHsCN (1). To a stirred refined by full matrix least squares agairit for all data using
THF (10 mL) solution of AgOTf (0.36 g, 1.4 mmol) was added SHELXTL software. All non-hydrogen atoms in compourig®, and
3 were anisotropically refined. All other hydrogen atoms were included
(10) (a) Withersby, M. A.; Blake, A. J.; Champness, N. R.; Hubberstey, in the calculated positions.
P.; Lee, W.-S.; Schder, M. Angew. Cheml997, 109, 2421;Angew.
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