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A series of the first coordination polymers using the [Au(CN),]~ anion as a building block has been prepared. The
planar tetracyanoaurate anion uses one, two, or four cyano groups to bridge to Ni(ll) or Cu(ll) centers and exhibits
weak Au(ll)-N(cyano) interactions between anions. Ni(en),JAu(CN)4]-H,0 (1, en = ethylenediamine) is a molecular
compound with the two [Au(CN),]~ anions coordinating in a trans orientation to Ni(ll) without further cyanide
coordination. Cu(dien)[Au(CN)4], (2, dien = diethylenetriamine) forms a similar molecular complex; however, the
dimensionality is increased through weak intermolecular Au—N(cyano) interactions of 3.002(14) A to form a 1-D
zigzag chain. Cu(en),[Au(CN)4], (3) also forms a molecular complex similar to 1, but with elongated axial bonds.
The complex further aggregates through Au-N(cyano) interactions of 3.035(8) A to form a 2-D array. In
[Cu(dmeda),Au(CN)4][Au(CN)4] (4, dmeda = N,N-dimethylethylenediamine) one [Au(CN)4]~ anion coordinates via
two cis-N(cyano) donors to the axial sites of two Cu(ll) centers to form a 1-D zigzag chain of alternating [Cu(dmeda),]**
and [Au(CN),]~ units; the other [Au(CN),]~ anion forms a 1-D chain via Au—N(cyano) interactions. In [Cu(bipy)-
(H20)2(AU(CN)4)osl[AU(CN)4l1s (5, bipy = 2,2'-bipyridine) one [Au(CN)~ anion uses all four cyano moieties to
bridge four different Cu(ll) centers, creating a 1-D chain.

Introduction of supramolecular chemistAf as highly dimensional sys-

Square planar complexes are commonly formed by transi-tems have the potential to produce interesting and useful

) ) ) 10 i
tion metal ions having a8clectron configuration, such as Eg?]pﬁrgresjr%(;?t "ﬁ magnetismpnlinear optics? conduc
Pt(I1), Pd(l1), and Ni(ll). Such planar complexes, especially ' P Y- . )
those of platinum(ll), can sometimes form metaietal Cyanometalate anions have been exte_nsn/_ely used as
stacking interactions with metametal distances as low as 4€sign elements in supramolecular coordination systems
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where they can act as multidentate ligands, linking numerousaqueous solution of KAu(CN)0.075 g, 0.220 mmol) was added
metal centers together to form stable, high-dimensionality dropwise to this pale purple solution. The resulting solution was

coordination polymers with transition metal caticrig!4

Many studies have been done with square planar cyano-

metalates [Pt(CN)?>~ and [Ni(CN)Y]?", indicating their
usefulness in building multidimensional coordination poly-
merst31520 including the well-known Hofmann clath-
rates!®1® Despite this, the related [Au(CN) anion has
received little attention in the field of supramolecular
coordination chemistry. Au(lll) is isoelectronic with Pt(ll)
and Pd(Il) and thus also has the potential of displaying the
aforementioned metalmetal stacking interactions. In light

covered and left undisturbed. Over 2 months, pale purple, X-ray
quality crystals of Ni(enJAu(CN)4]2-H,0 (1) were deposited from
the solution. Yield: 0.085 g (98%). Anal. Calcd forH1gN;-
AuzNiO: C, 18.04; H, 2.27; N, 21.04. Found: C, 18.36; H, 2.20;
N, 21.19. IR (KBr): 2214%CN), 2202 ¢CN), 2190 ¢CN), 2180
(w, vCN), 1600, 1462, 1384, 1320, 1284, 1272, 1089, 1023, 965,
699, 661, 531, 519, 415 crh

Cu(dien)[Au(CN)4)]2 (2). To a 2 mL aqueous solution of
Cu(ClOy)2*6H,0 (0.030 g, 0.075 mmol) was adfl@ 1 mLstock
solution (0.075 M) of dien. While stirringa 3 mLaqueous solution
of KAu(CN),4 (0.051 g, 0.150 mmol) was added dropwise to this

of these issues, we have endeavored to examine the abilitydark blue solution. The resulting solution was covered and left

of [Au(CN)4]~ to act as a building block to form hetero-
bimetallic coordination polymers.

Experimental Section

General Procedures and Physical MeasurementsAll ma-
nipulations were performed in air using purified solvents. The
KAuU(CN), salt, the amine ligands ethylenediamine (en), diethylene-
triamine (dien),N,N-dimethylethylenediamine (dmeda), 2%-
pyridine (bipy), and all other reagents were obtained from com-

mercial sources and used as received. IR spectra were obtaine

using a Thermo Nicolet Nexus 670 FT-IR spectrometer. Thermo-
gravimetric analysis data were collected using a Shimadzu TGA-
50 instrument in air atmosphere. Microanalyses (C, H, N) were
performed at Simon Fraser University by Mr. Miki Yang.

undisturbed to yield X-ray quality, purple crystals of Cu(dien)-
[Au(CN)4]2 (2) over several weeks. Yield: 0.047 g (81%). Anal.
Calcd for GoH1aN17AUCu: C, 18.75; H, 1.70; N, 20.04. Found:
C, 18.58; H, 1.69; N, 19.83. IR (KBr): 224¥CN), 2219 ¢CN),
2189 (¢’CN), 1585, 1317, 1142, 1092, 1028, 974, 653, 526, 419

—1

Cu(en)[Au(CN)4]2 (3). To a 3 mL aqueous solution of
Cu(ClQy)2-6H,0 (0.028 g, 0.075 mmol) was adtfl@a 1 mLstock
solution (0.150 M) of en. While stirringa 3 mLaqueous solution

‘%f KAU(CN),4 (0.051 g, 0.150 mmol) was added dropwise to this

urple solution. The resulting solution was covered and left
undisturbed to yield X-ray quality, purple crystals of Cugen)
[Au(CN)4]2 (3) over several weeks. Yield: 0.043 g (84%). Anal.
Calcd for GoHigN12AuCu: C, 18.34; H, 2.05; N, 21.39. Found:
C, 18.15; H, 2.05; N, 21.22. IR (KBr): 2182CN), 2180 ¢CN),

Variable-temperature magnetic susceptibility data were collected 1589 1462. 1315. 1084. 1037. 973. 702. 533. 413%cm

using a Quantum Design SQUID MPMS-5S magnetometer working
down © 2 K at 1 Tfield strength. All data was corrected for TIP,

the diamagnetism of the sample holder, and the constituent atoms

(by use of Pascal constantd).

Synthetic Procedures.CAUTION! Although we have experi-
enced no difficulties, perchlorate salts are potentially explosive and
should only be used in small quantities and handled with care.

Ni(en),[Au(CN)4]»*H.0O (1). To a 5 mL aqueous solution of
Ni(NO3),*6H,0 (0.032 g, 0.110 mmol) was added 0.015 mL of
neat en (0.220 mmol) using a microsyringe. While stirfiag mL
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2000Q 39, 3052.
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M.; Suenaga, Y.; Oiji, NInorg. Chim. Acta2001, 317, 268. (b) Zhan,
S.-z.; Guo, D.; Zhang, X.-y.; Du, C.-x.; Zhu, Y.; Yang, R.inorg.
Chim. Acta200Q 298 57. (c) Mukherjee, P. S.; Maji, T. K.; Mallah,
T.; Zangrando, E.; Randaccio, L.; Chaudhuri, Nlfrg. Chim. Acta
2001 315, 249.
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[Cu(dmeda)Au(CN)4[AU(CN)4 (4). To a 3 mL aqueous
solution of Cu(ClQ),-6H,0 (0.041 g, 0.110 mmol) was added a 2
mL stock solution (0.110 M) of dmeda. While stirring 3 mL
aqueous solution of KAu(CN)0.075 g, 0.220 mmol) was added
dropwise to this purple solution. An immediate purple precipitate
of [Cu(dmeda)Au(CN)4[Au(CN),] (4) formed. The remaining
filtrate was left to evaporate slowly for several days to yield X-ray
quality, purple crystals ofl. Yield: 0.076 g (94%). The powder
and crystals had comparable IR spectra and elemental analyses.
Anal. Calcd for GeHo4N12AUCu: C, 22.83; H, 2.87; N, 19.96.
Found: C, 22.63; H, 2.85; N, 19.78. IR (KBr): 2196QN), 3302,
3245, 3160, 3023, 2986, 2944, 1598, 1478, 1468, 1462, 1444, 1291,
1190, 1151, 1124, 1062, 1033, 1004, 937, 893, 781, 669, 461, 421,
417 cnt,

[Cu(bipy)(H 20)2(AU(CN) 2)o J[AU(CN) ]15 (5). To a 4 mL
aqueous solution of an excess of Cu(QK¥H,O (0.054 g, 0.147
mmol) was adde a 4 mL methanolic solution of bipy (0.011 g,
0.074 mmol). While stirringa 4 mLaqueous solution of KAu(CH)
(0.050 g, 0.147 mmol) was added dropwise to this blue solution.
The solution was covered and cooled for 4 days, then left to
evaporate slowly at room temperature over several weeks to yield
X-ray quality crystals of [Cu(bipy)(ED)(AU(CN)s)o 5l [AU(CN)a]15
(5). Yield: 0.061 g (97% based on Au). Anal. Calcd forgB1:N1o-
Au,CuO,: C, 25.20; H, 1.41; N, 16.33. Found: C, 25.19; H, 1.39;
N, 16.25. IR (KBr): 3515, 3277 (broad), 3117, 3091, 3083, 2263
(vCN), 2198 ¢CN), 2187 ¢CN), 1612, 1605, 1567, 1501, 1475,
1444, 1315, 1254, 1152, 1106, 1037, 777, 731, 650, 531, 430, 415,
405 cnTl,

X-ray Crystallographic Analysis. Crystallographic data for all
structures are collected in Table 1. All crystals were mounted on
glass fibers using epoxy adhesive. Using the diffractometer control
program DIFRAC? and an Enraf Nonius CAD4F diffractometer,
data ranges, as indicated in the crystallographic information file
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Table 1. Summary of Crystallographic Dédta

1 2 3 4 5
formula Q_zH]_gN]_zAUzNiO C12H13N11AU2CU C12H16N12AU2CU C15H24N12AU2CLI ClngleoAlJzCUOg
fw 798.98 768.79 785.82 841.95 ~857.84
space group P1 (No. 2) P2:/n (No. 14) P2;/c (No. 14) Pnam(No. 62) P1 (No. 2)

a, 8.372(1) 7.5489(9) 6.688(1) 8.9325(12) 7.5006(9)

b, A 9.844(1) 15.3231(19) 7.6961(9) 15.7920(21) 12.0252(18)
¢ A 14.819(3) 17.7943(19) 20.273(3) 18.362(4) 14.2116(17)
o, deg 73.00(2) 90 90 90 73.878(11)

B, deg 77.16(2) 95.474(8) 97.044(14) 90 89.642(11)
v, deg 68.90(1) 90 90 90 73.102(11)

Vv, A3 1080.26 2048.9(4) 1038.80 2590.1 1174.39

z 2 4 2 4 2

Peale g/cn? 2.456 2.492 2.520 2.159 2.426
u,cmt 144 153 151 121 134

T (K) 293 293 293 293 293

R Ry (I > 2.50(1))° 0.022, 0.029 0.034, 0.033 0.030, 0.037 0.035, 0.044 0.024, 0.027

a Enraf-Nonius CAD-4 diffractometer, Mo & radiation ¢ = 0.71069 A), graphite monochromat&rEunction minimizedy w(|Fo| — |Fc|)2 wherew !
= 0%(Fo) + 0.000Fc2 R = 3 ||Fo| — |Fell/X|Fol, R = (XW(IFo| — [Fe) T w|Fo[)Y2

(CIF), were recorded. The data were corrected empirically for the
effects of absorption and data reduction for all compounds included
corrections for Lorentz and polarization effects.

For all compounds, coordinates and anisotropic displacement
parameters for the non-hydrogen atoms were refined. The hydrogen
atoms on carbon and nitrogen atoms in all complexes were placed
in calculated positiongl(C—H) 0.95 A; d(N—H 0.93 A), and their
coordinate shifts were linked with those of the respective carbon Figyre 1. Molecular structure of Ni(eRJAU(CN)4]o-H2O (1). Water and
or nitrogen atoms during refinement. Most of these hydrogen atoms hydrogen atoms have been omitted for clarity (ORTEP, 50% ellipsoids).
were observed in Fourier difference maps, in positions that differed
little from the idealized ones ultimately preferred. Isotropic thermal scattering factors for neutral atoffisvere used in the calculation
parameters for these hydrogen atoms were initially assigned of structure factors.
proportionately to the equivalent isotropic thermal parameters of
their respective carbon or nitrogen atoms. Subsequently the isotropicResults

thermal parameters for th'e hydrogen e_ltoms of CHQ_,(IEH_g, or Synthesis and Structural Studies. Ni(enJAu(CN)z
NH? groups were, respectively, constrained to have identical shifts H,O (1). Crystals of1 formed from .an agueous solution
during refinement. For the water molecule inhydrogen atoms 2=\ y_ ot B q
were positioned geometrically using hydrogen-bonding contacts and containing [Ni(enj]*" and 2[Au(CN)] . The IR data shows
refined with isotropic thermal parameters constrained to be LOWC‘I/CN Eands at 221‘3 fzgifé:zl\igbq anfziiot:g\ﬁeste
equivalent. For the water molecules %y hydrogen atoms were ands, when compared 10 and o u a
foqund from the Fourier difference map andyinitiglly refined against 2189 cnT*,28 suggest a combination of both transition metal
soft bond distance restraints. However, in the final cycles of bound (bridging) and nonbridging cyanides, given that the
refinement, these hydrogen atoms were constrained to ride on theirlR bands of bridging cyanides shift to higher energy valdes.
respective oxygen atoms and with a single refined isotropic Similar shiftedvCN bands were observed in our previous
temperature factor. An extinction paramétavas included in the studies with Au(CN)~ (vCN band shifts from 2141 cm
final cycles of full-matrix least-squares refinement bf5. The to between 2143 and 2209 c#and Ag(CN)~ (vCN band
final refinements, using observed data ¥ 2.50(l,)), included1 shifts from 2139 cm! to between 2140 and 2174 ci.3-¢
dzat?'fg Eai‘;r;itaerr;;ge??f;iadr'?;zzdif_pi‘;%ig;;?;rzlférg The X-ray crystal structure df (Figure 1) reveals that the
1829 data; an® = 304 parameters for 3015 data.‘ Selected bond Lﬁ?aﬁ%(rg:\lﬁi](llf E;anzra(r,\e“ (bl?)LIj\ln(c:jLi;]: gigzzg; g‘\;nﬁ?ethe
lengths and angles for all compounds' are found.m Tabies. 2 slightly distorted octahedral geometry is completed by two
_ The programs used fo_r all absorption corrections, data reduc- mutually trans en ligands. Although the asymmetric unit
tion, and structure solutions df—5 were from thel\_lRCVA)_( . half-molecules of Ni(efAu(CN)d, (each
Crystal Structure Syste®t. The structures were refined using contains two ha ) X 412
CRYSTALS? Diagrams were made using Ortep3Complex sitting on ? ﬁen;er ?f |r|1\;ersl;or:r)l, the structural parameters
are essentially identical for both.

One equivalent of water is also found in the unit cell of
the crystal structure. The thermogravimetric analysis data
shows weight loss corresponding to the loss of 1 equiv of

N11
(D
i
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Munksgaard: Copenhagen, 1970; p 291.

(24) Gabe, E. J.; LePage, Y.; Charland, J.-P.; Lee, F. L.; White, B. S.
Appl. Crystallogr.1989 22, 384.
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University of Oxford: Oxford, England, 1999.

(26) Farrugia, L. JJ. Appl. Crystallogr.1997, 30, 565.

(27) International Tables for X-ray Crystallographitynoch Press: Bir-
mingham, U.K. (present distributor Kluwer Academic Publishers:
Boston, MA), 1975; Vol. IV, p 99.
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Table 2. Selected Bond Lengths (A) and Angles (deg) for
Ni(en)[Au(CN)4]2-H20 (1) ) 69
Au(1)-C(11) 1.977(6) Au(1)yC(12) 1.997(6) :
Au(1)—-C(13) 1.985(6) Au(13C(14) 1.993(6) o2 (17
Ni(1)—N(11) 2.129(5) Ni(1)>-N(6) 2.099(5) N22
Ni(1)—N(5) 2.086(5) A u2
C(11)-Au(1)-C(13)  179.5(2) N(GFNi(1)—-N(6)  82.7(2)
N(5)—Ni(1)—N(11) 88.95(19)  N(6}Ni(1)—-N(11)  89.8(2) Cu(dien)2*
Figure 3. Extended structure of Cu(dien)[Au(Cl) (2) showing the 1-D
Table 3. Selected Bond Lengths (A) and Angles (deg) for network propagated through Au(H#N interactions. Hydrogen atoms have
Cu(dien)[Au(CN)]2 (2) been omitted for clarity (ORTEP, 50% ellipsoids).
Au(1)—-C(11) 1.995(15) Au(1)yC(12) 1.988(17)
Au(1)-C(13) 1.973(16) Au(BrC(14) 2.011(19)
Au(2)—-C(21) 1.995(14) Au(2yC(22) 1.958(18)
Au(2)—C(23) 2.025(17) Au(2)yC(24) 1.953(17)
Cu(1)-N(11) 1.977(12) Cu(BN(21) 2.225(13)
Cu(1)-N(5) 1.994(11) Cu(LyN(6) 1.983(14)
Cu(1)-N(7) 1.984(11) Au(LyN(22)2 3.002(14)

C(11)-Au(1)-C(13) 179.0(6) C(HAu(2)-C(23) 178.7(6)
N(11)-Cu(1)-N(21)  99.1(5)  N(11}Cu(l}-N(B)  93.9(5)
N(11)-Cu(1}-N(6)  94.6(6) N(1}Cu(l}-N(B)  97.7(5)
N(21)-Cu(1}-N(6)  96.1(5) NGYCu(l}-N(6)  162.4(6)
N(7)-Cu(1)-N(11)  167.7(5)  N(7*Cu(1}-N(21)  93.3(5)
N(5)—Cu(1)-N(7) 84.0(5)  N(6)-Cu(1)-N(7) 84.3(5)
Cu(1)-N(11)-C(11) 168.2(12) Cu(BN(21)-C(21) 166.6(13)

aSymmetry transformations:’)(x — Y, =y + Y5, z — Ya.

Figure 4. Extended structure of Cu(efihu(CN)4]2 (3). Hydrogen atoms
have been omitted for clarity (ORTEP, 50% ellipsoids).

1.977(12) A) and the other is bound to the elongated apical
site (Cu(1}N(21) = 2.225(13) A). The remaining three
basal sites are occupied by the dien ligand.

Each Cu(dien)[Au(CNJ. complex is connected by weak
_ _ intermolecular Au(lll}-N(cyano) interactions (Au(f)N(22)
Figure 2. Mole_cular structure ofCu(dlen)[Au(CN) (2_). Hydrogen atoms =3 002(14) A) resulting in a 1-D chain (Figure 3) This is
have been omitted for clarity (ORTEP, 50% ellipsoids). i ’ . : o

the first reported Au(lll)3-N interaction where N interacts

water between 115 and 186 (observed weight loss, 1.80%; in an apical, intermolecular fashion with a square planar
calculated, 2.25%). The complex is then stable until2@p  Au(lll), making it weakly 5-coordinate. There are also weak
after which it begins to undergo a complex series of hydrogen bonds (not shown) between amino hydrogen and
decompositions yielding NiO and Au at 438 (observed ~ N(cyano) atoms (N(HYNC distances= 3.106-3.379 A).
weight loss, 38.5%; calculated, 39.1%). The water molecule  Cu(en)[Au(CN)4]. (3). Crystals of3 formed from an
serves to weakly connect the Ni(gifju(CN)4]. units into a aqueous solution containing [Cu(elf) and 2[Au(CN)] .
three-dimensional system through hydrogen bondingf)O0  The IR data shows tweCN bands at 2187 and 2180 cin
distances: 3.206(8), 2.925(8) A). There are also additional The crystal structure indicates that the [Au(GN)ions are
hydrogen bonds between many of the amino hydrogen andcoordinated to the JahtTeller distorted axial sites of the
N(cyano) atoms (N(H)YNC distances: 3.1693.323 A). All octahedral Cu(ll) center (Cu(#N(11) = 2.548(9) A)
hydrogen bonding is very weak and thus is not shown. (Figure 4). This axial bond length is significantly longer than
Cu(dien)[Au(CN)4]2 (2). Crystals of2 formed from an that seen irl. The axial bond length i8 is on the weaker
aqueous solution containing [Cu(diet)and 2[Au(CN)] . end of the reported distorted Cu(ll) complexes in the
The IR data, showing threeCN bands at 2241, 2219, and literature (which range from 2.2 to 2.7 A)?°thus explaining
2189 cnt?, suggests that there is a combination of bridging the lack of blue shift of the’CN band in the IR spectrum
and nonbridging cyanide groups present. The crystal structurefor the N-bound cyanide. The equatorial sites of the Cu(ll)
confirms that two [Au(CNj]~ ions are bound to a Cu(ll)  are occupied by the two en ligands.
center through N(cyano) atoms. The Cu(ll) center adopts a The crystal structure @& also displays weak intermolecular
distorted square pyramidal geometry (Figure 2), where one Au(lll) —N interactions of 3.035(8) A. These interactions are
[Au(CN)4]~ unit is bound to the basal site (Cu{dN(11) = similar to, but slightly weaker than those observe®.irA
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Table 4. Selected Bond Lengths (A) and Angles (deg) for
Cu(en}Au(CN)4]2 (3)

Au(1)-C(11) 1.995(9) Au(1yC(12) 1.975(9)
Au(1)-C(13) 1.986(9) Au(1yC(14) 1.990(9)
Cu(1)-N(11y2 2.548(9) Cu(1)N(@3) 2.010(7)
Cu(1)-N(4) 2.015(7) Au(1)N(12)’ 3.035(8)

C(11)-Au(1)-C(13)  178.6(3) N(1I}-Cu(1)-N(3)  93.5(3)
N(11) —Cu(1)-N(4) 88.5(3)  N(3)F-Cu(1)-N(4) 84.3(3)

aSymmetry transformations’)(x,y — 1,z (") —x+ 1,y — Y5, —z+

.
2 Figure 5. Extended structure of the cation [Cu(dme#a)(CN)4]* in

[Cu(dmedagAu(CN)4J[Au(CN)4] (4). Hydrogen atoms have been omitted

Table 5. Selected Bond Lengths (A) and Angles (deg) for
gths () gles (deq) for clarity (ORTEP, 50% ellipsoids).

[Cu(dmeda)Au(CN)[AU(CN)4] (4)

Au(2)-C(21) 2.007(11) Au(2rC(22) 1.958(12)
Cu(1)-N(1) 2.100(8) Cu(1N(2) 1.985(8)
Cu(1)-N(21y2 2.724(10) Au(1}-C(11) 1.999(10)
Au(1)-C(12) 2.001(15) Au(1yC(13) 2.002(13)
Au(1)-N(12)’ 2.963(13)

C(12-Au(1)-C(13) 175.9(5) CEBDAuU(2)-C(22) 89.8(5)
AU(1)-C(12)-N(12) 175.1(14)  N(1)}Cu(l)-N(2) 84.6(3)
N(1)-Cu(1)-N(21y  85.8(3)  N(21-Cu(1}-N(21)  86.5(3)

aSymmetry transformations:)(x — Y2, =y + 3/2, Z, () =X + Y5, =y
+ 1/2, Z

key difference betweer? and 3 is that, in 3, every
[AU(CN)4]. unit forms two A.U_N mt.eraCtlonS by acting as . Figure 6. Extended structure of the [Au(ClN) chain in [Cu(dmedapu-
a donor via N(12) for one interaction and an acceptor via (cN),J[Au(CN)4] (4) (ORTEP, 50% ellipsoids).

Au(1) for another, resulting in a 2-D sheet (Figure 4). This

contrasts with the 1-D chain found th(Figure 3) that does  [Au(CN)4]~ ions where two cyanides on [Au(CN) are
not propagate in two dimensions because [Au(Nunits coordinated to separate [Cu(dmeda)jnits in a cis fashion.

only participate in one such interaction, througither the Despite the weak cyanide ligation, it is chemically sig-

Au(1) or N(22) atoms. nificant: an immediate precipitation of the insoluble polymer
The structure o8 also differs from the analogous Ni(ll) 4 occurs whereas the previous reactions (not producing

compoundl. The Ni analogue does not display Au(HN cyanometalate-bridged polymeric products) do not im-

interactions, possibly due to steric hindrances, as the mediately precipitate.

M—N(cyano) bond lengths are significantly shorterlin The remaining equivalent of [Au(CH) is unbound to

Hydrogen-bonding interactions involving the water molecule any Cu center, but does form Au(IHN interactions with

in 1 may also compete with the weak intermolecularA\ adjacent free [Au(CN]~ units, generating an anionic 1-D

interactions. zigzag chain that runs perpendicular to the [Cu(dmeda)

Weak hydrogen bonding between amino hydrogen and Au(CN),]* chain (Figure 6). The Au(H)N(12)' distance
N(cyano) atoms is also present3n(N(H)—NC distances: of 2.963(13) is significantly shorter than the Au(HN
3.121(11)-3.395(12) A). interactions in2 and 3.

[Cu(dmeda)Au(CN)4[Au(CN) 4] (4). Crystals of4 formed [Cu(bipy)(H 20)2(Au(CN)4)o.s][AU(CN) 4] 15 (5). Crystals
upon slow evaporation of a very dilute aqueous solution of 5were obtained through slow evaporation of an aqueous/
containing [Cu(dmeda]f™ and 2[Au(CN)]~. OnevCN band methanolic solution containing 1 equiv of bipy, 2 equiv of
at 2190 cm? is present. The crystal structure reveals a [Au(CN)4]~, and an excess of Cu(ll). The IR data shows
distorted octahedral Cu(ll) center with two equatorially threevCN bands at 2203, 2198, and 2187 ¢nconsistent
bound dmeda ligands and elongated N(cyano) axial coordi- with a combination of bridging and nonbridging [Au(CN)
nation of [Au(CN)]~ (Figure 5). Although this weak coor-  units. The crystal structure shows a 1-D “criss-crossed” chain
dination (Cu(1)-N(21) = 2.724(10) A) does not produce a where one [Au(CNJ~ unit is bound to four Cu(ll) centers
blue-shiftedvCN band in the IR spectrum, it serves to build (Figure 7). Each Cu(ll) center has two such [Au(GN)units
a 1-D cationic zigzag chain of alternating [Cu(dmegfagind bound in a cis fashion, resulting in a connectivity to five
other Cu(ll) centers and thus 1-D propagation.

(29) (a) VCErn’ek,vJ.; Geard, F.; ChomigcJ. Acta Crystallogr.1993 C49, — i :
1294, (b) ‘@i, J.. Chomic J.. Gravereaul, P.; Orefiis/a A The [Au(CN)]~ units occupy both an equatorial (Cuf1)

Orend&, M.; Kovat, J.; Feher, A.; Kappenstein, Gorg. Chim. Acta N(12y = 1.973(6) A) and an axial site (CU@N(11) =
1998 281, 134. (c) (rn, J.; Abboud, K. A.; Choriic].; Meisel, 2.359(6) A) of the distorted octahedral Cu(ll) center. This

M. W.; Orend&, M.; Orend&ova A.; Feher, A.Inorg. Chim. Acta . : . . .
200Q 311 126. (d) Hathaway, B. J. |@0mprehenmgCoordmation difference in coordinated bond lengths likely results in the

Chemistry Wilkinson, G., Gillard, R. D., McCleverty, J. A., Eds.;  two distinct blue-shiftedvCN bands observed in the IR

Pergamon: Oxford, 1987; Vol. 5, p 533. (e) Kou, H. Z.; Wang, H.- e : -
M.: Liao, D.-Z.; Cheng, P.: Jiang, Z.-H.. Yan, S.-P.. Huang, X -Y - spectrum. The remaining three equatorial sites on the Cu(ll)

Wang, G.-L.Aust. J. Chem1998 51, 661. center are occupied by the bipy ligand (CufN(1) =
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Table 6. Selected Bond Lengths (A) and Angles (deg) for In both cases, [Pt(CM]?~ bridging occurs through only two
[Cu(bipy)(HeO)(AUCN)a)o l[AUCN)4]1.5 (5) cyanides, rather than four as seerbin

Au(1)-C(11) 1.997(7) Au(1¥C(12) 1.988(7) ; ; _

Au(2)-C(21) 1.996(9) A2y C(22) 2.019(8) Magnetic Properties.For complexes 5the tem_p_e_rgture

Au(2)-C(23) 1.985(8) Au(2)-C(24) 1.978(8) (T) dependence of the molar magnetic susceptibilitigs (

éﬂ&)):ﬁ((%l) 11-3311((2)) élJ((i\rﬁg)Z) 22-88&%) was measured from 2 to 300 K, and the data were examined

u . u . .. .

Cu(1)-N(11) 2.359(6) Cu(DyN(12)2 1.973(6) for the presence of magnetic interactions.

Cu(1)-0(1) 2.026(5) Cu(1y0(2) 2.475(6) The product of the magnetic susceptibility with temper-
C(11)-Au(1)-C(12) 91.8(3) C(22)Au(2)—C(24) 176.0(3) ature,XMT, for 3 at 300 K was determined to be 0.48 ¢tk
C((3;|.)—ALE(3)’1—C(3(:)32) 88.4((4)) o((1;\0ugl)):o((2)) 91.5(3()19) mol~t, consistent with the presence of &= %, Cu(ll)
O(1)-Cu(1)-N(1 95.8(2) O(2-Cu(1)-N(1 91.5(2 ; ; ; ;
O(1)y-Cu(1)-N(2) 176.6(2) 0@y Cu(1-N() 86.5(2) center. In3, the [Cu(dle.n)ﬂ+ units are essentially isolated
N(1)—Cu(1)}-N(2) 81.6(2) O(1yCu(1)-N(11) 84.7(2) from each other according to the X-ray structure, except for
O(2)-Cu(1)-N(11) ~ 174.7(2)  N(1)Cu(1)-N(11) 92.6(2) the presence of intermolecular Au(HN interactions. This
(Njﬁgigﬂﬁmﬁg 89}5‘((22)) S&igﬂg;“&g 1%'.2((?) pathway is too long for signifigant magnetic interactions to
N(@2)—-Cu(1)-N(12)  94.7(2) N(11»Cu(Q)}-N(12y 91.7(2) occur (and the C&N bond is quite long at 2.548(9) A); thus,

as expectedymT is observed to be virtually temperature
independent, exhibiting only a very slight decrease (to 0.46
cm® K mol™) below 25 K.

In both4 and5, shorter Cu-Cu interaction pathways are
present. In [Cu(dmedg)u(CN)4[Au(CN),] (4), the Cu(ll)
centers are connected through very weakly coordinated
(Cu—N = 2.724(10) A) axial sites in an orthogonal fashion.
For4, poor overlap associated with this long bond effectively
severs the pathway for magnetic exchange, as previously
observed;®yielding an essentially temperature independent
amT vs T graph until 5 K, at which poingmT drops from
0.47 to 0.35 criK molt at 2 K.

For 5, yuT = 0.40 cn? K mol™* at 300 K and is
temperature independent until 25 K, at which pginT drops
t0 0.29 cni K mol! at 2 K. The data can be fit to the Curie
Figure 7. Extended structure of [Cu(bipy)@®)2(Au(CN)a)o s[AU(CN)4]15 Weiss law with & = —0.40 K, consistent with weak
(5) showing only the 1-D chain of [Cu(bipy)@@®)(Au(CN)s)osl*5*. antiferromagnetic coupling between the Cu(ll) centers. The
Hydrogen atoms have been omitted for clarity (ORTEP, 50% ellipsoids). X-ray structure of [Cu(bipy)(IgD)z(Au(CN)4)o_5][Au(CN)4]1,5

1.981(6) A and Cu(BN(2) = 2.001(5) A) and a bound (5) shows several magnetic ex_change pathways between
water molecule (Cu(BO(1) = 2.026(5) A), with the final Cu(ll) centers that must be considered; each has a through-

elongated axial site occupied by the other equivalent of water 20nd Cu-Cu distance of approximately 10 A. Each Cu(ll)
(Cu(1)-0(2) = 2.475(6) A). center has two linear pathways, one through elongated axial/

The remaining equivalents of [Au(CN) form a linear ~ @xial bonding (CerN(11) = 2.359(6) A) and one through
trimeric anionic cluster via a Au(llyN interaction of  €quatorial/equatorial bonding (€IN(12) = 1.973(6) A).
3.052(9) A, similar to that seen ihand comparable in length ~ Each Cu(ll) center also has four axial/equatorial pathways
to that seen ir2 and3. However, unlike ird, the interaction  (through a combination of GtN(11) and Ce-N(12) bonds).
does not propagate. The orthogonal axial/equatorial pathways are known to

Both the coordinated water molecules and the bipy ligands generate ferromagnetic couplifigywhereas the equatorial/
serve to increase dimensionality through weak hydrogen equatorial and axial/axial pathways generate antiferro-
bonds andr-interactions, respectively. The structure is thus magnetic coupling? The observed weak coupling is likely
loosely held in a three-dimensional array (not shown). a combination of the antiferromagnetic and ferromagnetic

Similar 1-D chains have been observed in a related coupling pathways. Of these, the equatorial/equatorial
[Ni(CN)4)?~ complex, [ Cio(medptNi(CN)4} (ClO4),+2.5H0] pathway vyields the strongest orbital overlap, as all other
(medpt= bis(3-aminopropyl)methylamine), whereby [Ni- pathways utilize the elongated €M(11) axial bond. Due
(CN)4]> anions coordinate through all four cyanides to form to the complexity of possible magnetic pathways and the
a “criss-crossed” 1-D chain of connected square pyramidal overall weak magnetic interaction, this data was not further
Cu(ll) cations!’” The analogous [Pt(CM)y~ complex with analyzed.

[Cu(bipy)?" does not form such “criss-crossed” chains, but
instead forms either a discrete supramolecular square via Ci§zo) Favello, L. R.; Tomg, M. Chem. Commurl999 273.

coordination of two cyanometalates in the case {&€- (31) \c/ir(l:'em?& Fti-;lEch?ugg 5A7 7Peﬂoa, E.; Solans, X.; Font-B&ajiM. Inorg.
i . 30 infini _ ; ; im. Acta 4 .
(me)(HZO)Pt(CN)‘}Z] 2H0,* or an infinite 1-D chain with (32) White, C. A.; Yap, G. P. A,; Greedan, J. E.; Crutchley, Rndrg.

trans cyanide coordination in the case of Cu(bipy)Pt(CR) Chem.1999 38, 2548.

a Symmetry transformations:’)(x — 1, vy, z
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Discussion elongated apical Mligand bond lengths are observed, such
. .. as seen in many examples with Cl in the apical position,
Although the use of cyanometalate anions as building \yhere Au-CJ distances range between 2.911(2) and 3.223(3)
blocks in the formation of coordination polymers has been 4 35 A more comparable intermolecular interaction has been
well-documented (especially octahedral cyanometalatés),  p<arved between square planar Au(lll) and an oxygen donor
the [Au(CN)]™ unit has never previously been used as such \yhere A0 = 3.010(4) A% When such interactions are
a building block. Systemé and>5 are the first examples of  giarjcally enforced by the presence of a relatively rigid
[Au(CN).]"-based coordination, where polymer formation ,igentate ligand, AuN distances become significantly
is a result of multiple cyanide bridging (2-cis and 4) through shorter, such as observed in many Au-amine complexes

the anionic building block. Similar coordination polymers ,nare the Au-N distances range from 2.58(1) to 2.839(5)
have been formed with other related anions, such asg s7-39 Thege examples are considered to be more intra-

[NI(CN)]*" and [PYCN)]*".1315728 Also, the [AU(CNM ™~ olecular in nature, as they are assisted by the coordination
based systems are quite different from previously studied ot gne part of a multidentate ligand to a square planar site

> s :
[AU(CN)z] "-based polymers,® as would be expected given Au(lll). Without further literature examples of Au(If)N
the change in oxidation state and geometry (from linear 0 j1armolecularinteractions, it becomes difficult to comment

square planar). on its strength. The AuN interaction distances (ranging
In general, the formation of cyanometalate-containing from 2.963(13) to 3.052(9) A) can be compared to the sum
coordination polymers and their dimensionality depend on of the van der Waals radii (3.18.27 A)4°
the type of capping ligand and number of open coordination  with Cu(ll), Jahr-Teller distortion results in very different
sites that exist on the catién® This dependence, however, coordination po|ymers as Compared to the equiva|ent N|(||)
does not appear to be a strong factor in [Au(¢JNpased  systems. This is evident in comparing the similar complexes
systems. AlthougHi, 2, and3 all have either two or three  M(en),[Au(CN)4]» (1, M = Ni; 3, M = Cu). In both cases,
available coordination sites (hence the possibility for increas- the [Au(CN)]~ unit is coordinated in a trans fashion, but in
ing dimensionality via cyanometalate bridging), in all cases 3 the M—N(cyano) distances are significantly longer (2.548(9)
the [Au(CN)]~ unit coordinates through one cyanide only, A) as compared td (2.129(5) and 2.116(5) A). I8, the
resulting in molecular systems (excluding Au(tiN or molecular unit is thus significantly longer thaninallowing
hydrogen-bonding interactions). This contrasts with systems ropom for Au(lll)—N interactions between molecular units,
such as [Ni(enAg(CN)J[Ag(CN)2],>*[Cu(dien)Ag(CN)].- which does not occur irl. Even thoughl has a water
[Ag2(CN)J[AG(CN)2],° and [Cu(emAu(CN)][AU(CN)],* all molecule within the unit cell, which could interfere with
of which show similar transition metal coordination spheres, potential interactions, a similar comparison can also be made
but show increased dimensionality through bridging cyano- petweers and4, which differ only in two additional methy!
metalates. This bridging coordinatias seen in4 and 5, groups on the ligand i and do not contain the complication
which still each contain two open coordination sites at the of interstitial water. There is a difference in coordination
Cu(ll) cation, suggesting that there are more important factor3|engths between the two systems: the axiat-Glfcyano)
at play. One key factor is likely the decreased basicity of phond length is 2.724(10) A i4, compared to 2.548(9) A in
Au(ll) vs both Au(l) cyanometalates and [M(CHA~ which 3. This elongation of the molecular unit i4 may be
would decrease the propensity of the cyanometalate toproviding the space required for the [Au(GN) unit to
coordinate to another metal center, and hence decrease th@rther coordinate another Cu(ll) center without steric
likelihood of bridging cyanides. Although the square planar hindrances, ad is able to form a cyano-bridged polymer,
[Au(CN)4]~ has increased steric bulk as compared to a linear whereas is not. These observations suggests that the longer
Au(l) cyanometalate, this is likely not causing decreased the molecular unit, the stronger the propensity to form
bridging, as many [Pt(CN)*~ and [Ni(CN)J*~ bridging  additional bridging interactions.
polymers have been report&d>-2° The [Au(CN)]~ unit in 1-5 has been observed to bridge
Still, increases in dimensionality through intermolecular through one cyanide, two cyanides (cis), or all four cyanides.
Au(ll) =N mtera_ctlons are Observed n [AU(CJ}I’) systems. (35) (@) Timkovich, R.; Tulinsky, Alnorg. Chem1977, 16, 962. (b) Elder,
These are the first reported AN interactions whereby a R. C.: Watkins, J. W., Illnorg. Chem.1986 25, 223. (c) Micklitz,
nitrogen atom interacts at the apical site of a square planar ~ W.; Lippert, B.; Muler, G.; Mikulcik, P.; Riede, Jinorg. Chim. Acta
. . . . . 1989 165,57. (d) Sommerer, S. O.; MacBeth, C. E.; Jircitano, A. J.;
Au(lll) molecule in an intermolecular fashion (i.e., without Abboud, K. A Acta Crystallogr.1997, C53 1551.
the aid of chelation). This interaction serves to increase the (36) Shimanski, A.; Freisinger, E.; Erxleben, A.; Lippert,1Borg. Chim.
dimensionality of heterobimetallic systensgnd3) and also 57 ?ac)tacﬁ?ﬁoi??ﬁzﬁh artis, C. M.: Patil, H.; Stephenson, NnGig.
generates chains of associated [Au(@Ngnions & and5). Nucl. Chem. Lett1966 2, 409. (b) Robinson, W. T.; Sinn, H. Chem.
It is uncommon for Au(lll) atoms to display coordination Soc., Dalton Trans1975 726. (c) O'Connor, C. J.; Sinn, Enorg.
. . Chem.1978 17, 2067. (d) Marangoni, G.; Pitteri, B.; Bertolasi, V.;
environments other than square planar, though a few higher  Giji, G.: Ferretti, v. J. Chem. Soc., Dalton Trang986 1941. (e)

coordination geometries do exit.In such cases, very Ferretti, V.; Gilli, P.; Bertolasi, V.; Marangoni, G.; Pitteri, B.; Chessa,
G. Acta. Crystallogr.1992 C48 814.
(38) Vicente, J.; Chicote, M. T.; Berdez, M. D.; Jones, P. G.; Fittschen,

(33) Zhang, H.-X.; Chen, Z.-N.; Su, C.-Y.; Ren, C.; Kang, B3SChem. C.; Sheldrick, G. MJ. Chem. Soc., Dalton Tran$986 2361.
Crystallogr. 1999 29, 1239. (39) Ferretti, V.; Gilli, P.; Bertolasi, V.; Marangoni, G.; Pitteri, B.; Chessa,
(34) (a) Jones, P. G5old Bull. 1981 14, 103. (b) Jones, P. Gsold Bull. G. Acta Crystallogr.1992 C48 814.
1983 16, 114. (40) Bondi, A.J. Phys. Chem1964 68, 441.
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Although the steric profile of the ligands may influence the between the Au(lll) and Pt(11)/Pd(Il) cyano complexes, the
number of briding cyanides possible, another consideration similarities between the aforementioned PtCu Hofmann
is that both the hydrogen bonding and Au interactions clathrate and [(CNPtu-CN)Cu(NHs)4] complexes suggest
may be influencing the formation of cyano bridges to the that competition from intermolecular interactions and cyano
metal centers. This interplay of intermolecular (hydrogen bridging might affect stacking, as the clathrate shows®eo d
bonding) and intramolecular (cyanide coordination) interac- d® stacking, whereas the latter complex shows-mt
tions has been a topic of recent interest. In comparing theinteractions of 3.675 Al42 The choice of the ancillary
discrete square complex of [Pt(CQu(bipy)(H:0)]2*2H,0 ligands used may also exclude the possibility of stacking
to the polymeric 1-D chain of [Pt(ChFu(bipy)], it has been interactions-we are currently examining the effects of
suggested that the square complex results from the stabiliza-complex cation size and ligand choice and are working to
tion imparted by hydrogen bonding to the terminal cyanide minimize possible interfering interactions.

moieties such that these stabilizing hydrogen bonds compete )
with the cyano coordination and formation of the polymeric Conclusions

form.** This has similarly been the suggestion for the  The first supramolecular coordination polymers containing
differences between [(ChPt(u-CN)Cu(NHs)4]** and the [Au(CN)4]~ have been prepared, indicating that [Au(GJN)
Hofmann clathrate system [Pt(C)DU(NHs)2],2nG (G = may serve as a useful building block in the preparation of
guest molecule)? The former complex, which bridges coordination polymers. Through multiple cyanide bridging,
through only one cyanide of the [Pt(C/{§~ unit, contains it can increase dimensionality of a molecular unit to a 1-D
four NH; ligands and an extensive network of intermolecular polymer, and via weak intermolecular Au(HN interac-
interactions, whereas the latter PtCu Hoffmann clathrate tions, [Au(CN)]~ can also increase dimensionality up to two
contains only two NHligands and bridges through all four dimensions.
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