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A novel complex, {[CoAu,(CN)4(NITpPy),(H20)2]} n, 1, containing
the cobalt(ll) ion, dicyanoaurate(l) anion, and nitronyl nitroxide
radical building blocks, has been prepared and structurally
characterized by single-crystal X-ray analysis. The structure of
complex 1 illustrates that aurophilicity and hydrogen bonding
interactions increase dimensionality, generating a 2-D interdigitating
system. The spectroscopic and magnetic properties have been
investigated.

most well-developed method for increasing structural di-
mensionality> Many complexes containing gold(l) centers
are known to form weakly bonding interactions with
themselves; these “aurophilic” interactions have also the same
order-of-magnitude strength as hydrogen bonds (ed.17
kcal/mol)# The supramolecular chemistry of Au(l) is replete
with systems that are polymeric by virtue of these-AAu
interactions

On the other hand, nitronyl nitroxide radicals are useful
paramagnetic building blocksvhich offer opportunities to

The design of multidimensional supramolecular assembliesdesign multidimensional and multispin systems.
is an area of intense current interégthis is due not only However, the number of studies dealing with both Au(l)
to their potential applications in electrical conductivity, and radicals is still rather limitetlTo devote attention to a
molecule-based magnets, molecular absorption, ion-new example of a three constituent system, in this Com-
exchange, heterogeneous catalysis, etc., but also to their
intriguing structural diversity.In general, the incorporation
of moieties capable of transforming hydrogen bonding
interactions into supramolecular assemblies is perhaps the
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munication we report the synthesis, crystal structure, and
spectroscopic and magnetic properties of a novel complex,
{[CoAU(CN)4(NITPPYR(HO)]}n, 1 (NITpPy is 2-(4-
pyridyl)-4, 4, 5, 5-tetramethylimidazoline-1-oxyl-3-oxide, and
the formula is GH16N305), where the presence of AuAu
and hydrogen bonding interactions has effectively increased
the dimensionality. To our knowledge, this is the first
complex containing dicyanoaurate(l) anion, a radical, and a Figure 1. Perspective view of unit of the complek with hydrogens
3d metal. omitted for clarity. Selected bond lengths (A) and angles (deg): Cofl1A)
_ i _ N(3A) 2.187(13), Co(1A)N(5A) 2.142(13), Co(1AY O(3A) 2.063(9), Co-
All reagents used in the synthesis were of analytical grade (1A)—N(1A) 2.053(12), C(1A>-Au(1A)—C(2A) 178.1(5), N(LA}-C(1A)—
and were used without further purification. NITpPy was Au(lA) 178.9(12), N(1A}Co(1A)-N(3A) 90.0(3), O(3A)-Co(1A)-
prepared according to the procedure previously repdrted. N(3A) 90.8(2), N(5A)-Co(1A)-N(3A) 180.000(2).
IR spectra were obtained using a Shimadzu IR-408 infrared
spectrometer in the 408600 cnt! region. Elemental
analyses (C, H, N) were performed on a Perkin-Elmer 240C
analyzer. The luminescent spectra were measured on a
Shimadzu RF540 PC spectrophotome@yanide salts are
toxic and should be handled with caution!

The dark green crystals dfwere obtained by addition of
an aqueous solution of K[Au(Ck)to a methanolic mixed
solution of Co(ClQ),*6H,0O and NITpPy? The crystal is
stable to air at room temperature and in a dark environment,
but not very stable under heated or lighted conditions.

The X-ray crystal structure af confirms the molecular
formula of CoAy(CN)4(NITpPy)(H,0), and reveals a two-
dimensional interdigitating systeth.The cobalt(ll) ion is
coordinated to two organic radicals, two dicyanoaurate(l)
anions in the equatorial plane, and two water molecules in
axial positions (see Figure 1). In the complex, each cobalt Figure 2. (top) View showing the zigzag chains df via gold—gold
assumes a distorted octahedral GONcoordination poly-  erasons (ot sake of carty, oyt som of the NToPylgane
hedron, which is made up of four nitrogen atoms from the ponding interactions. The Au(1B)Au(1C) distance is 3.331 A, and the
cyanide groups and the pyridyl rings in a plane and two O(LA)—O(3AC) distance is 2.758 A.
oxygen atoms of the ¥ molecules in trans-positions. The .
crystal comprises two kinds of one-dimensional chains. Each©f 3:331 A, less than the sum of the van der Waals radii of
CoAW(CN)y(NITpPy)(H-0), unit linked by a Au-Au bond Au (3.60 A) (see Flgurg 2 (top)). The shortest interchain
forms an infinite zigzag chain with short AuAu distances ~ contacts between nitroxide groups are equal to O(1AD)

O(2AH) = 3.180 A (see Supporting Information). All the
(7) (a) Leznoff, D. B.; Rancurel, C.; Sutter, J.-P.; Rettig, S. J.; Pink, M.; OXygen atoms of the coordination water molecules and
Paulsen, C.; Kahn, Ql. Chem. Soc., Dalton Tran$999 3593. (b) the oxygen atoms of half NO groups between the two
Isr]:ghlgs’);aoltgikgbgé;. Naito, T.; Awaga, K.; Inabe, J. Am. Chem. 5 4iacent chains are involved in H-bond interactions with
(8) (a) Uliman, E. F.; Call, L.; Osiecki, J. H.. Org. Chem197Q 35, O(1Al)---O(3AC) distances of 2.758 A. By these contacts,

3623. (b) Davis, M. S.; Morokuma, K.; Kreilick, R. W. Am. Chem. i
Soc 1972 94, 5586, CoAW(CN)4(NITpPy)(H20), forms another ladder chain

(9) Synthesis ofl: A 10 mL methanolic solution of Co(CIgy-6H,0 along thec-axis (see Figure 2 (bottom)). The two kinds of

g% mg, %gmmoll))w%sh -?d?ﬁd tO_imethanotIJiC_solugor;g NlEpPy one-dimensional chains are cross-linked through GeAu

.0 mg, 0.2 mmol). While the mixture was being stifrads m . . . )
aqueous solution of K[Au(CN) (57.6 mg, 0.2 mmol) was added to (CN)“(NlTpPy)Z(HZO)Z_ units, which f_urther give a two

it dropwise. The resulting solution kept at room temperature for three dimensional system in thac-plane (Figure 3). The sheets
weeks afforded dark green crystals suitable for the X-ray structural i i ;

analysis. Yield: 48% based on Co(G)@6H,O. Anal. Calcd for are not planar but QCCIde.nt.Ed' The gdjacent accidented shgets
CagHasAU2CONLOs: C, 31.65: H, 3.39: N, 13.19. Found: C, 31.68; are parallel and interdigitated with each other. In this

10 g 3-:‘1IidN'tl3é&|-@A CoNuOs M = 1061.53 i disposition, the NITpPy molecules can interpenetrate into
rystal data: 36AU2C 0N 00s6: = .25, monoclinic, space . .
groupCaic, a = 10.944(5) Ab = 26.094(12) Ac = 12.596(6) Aa (€ accidented 2-D array in tfee-plane.
= 90°, f = 111.541(7), y = 90°, V = 3346(3) R, Z = 4, D = The IR spectra ol (solid) shows two sharpcy bands at

2.107 g cm3, u(Mo Ka) = 9.294 mm™. T = 293(2) K, 7676 data ; ;
collected, 2911 uniqueR,: = 0.0969). FinalR indices | > 20(1)] 2150 and 2200 cmi, which can be attributed to the=eN

Ru(Fo) = 0.0624,WRx(Fo?) = 0.1384. The data were collected on a  Stretching vibration. The splitting ofc—y indicates the

Bruker Smart 1000 diffractometer. The structure was SOIVQd by direct presence of two different coordination modes (monodentate
methods and refined by a full-matrix least-squares technique based . . . .
on F2 using the SHELXL 97 program. CCDC reference number and bridging) of the cyanide ligands. It is well-known that

225147 forl. Copies of this information can be obtained free of charge  the formation of a cyanide bridge shiftgy toward higher
from The Director, CCDC, 12 Union Road, Cambridge, CB2 1EZ, - a1
U.K. (Fax: +44-1223-336-033. E-mail: deposit@ccdc.cam.ac.uk. frequenueé. The strong band at 2200 crhmay therefore

www: http://www.ccde.cam.ac.uk.) be attributed tacy of the bridging cyanides and that at 2150
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higher than the expected spin-only value of 4u5&or one

o= %/, and twoS.q¢= ¥, spins, indicating that an important
orbital contribution of cobalt(l1){Tg) ion is involved. Upon
cooling, theus value decreases regularly, approaching a
minimum aroud 2 K with ger = 2.34 us.

Neglecting magnetic interaction between neighboring NO
groups of NITpPy radicals through space, the decrease of
the effective magnetic moment versus the temperature
presumably originates from the following factors: (i) the
orbital degeneracy of the cobalt(Il) center, and (ii) magnetic
interaction between cobalt(ll) ion and nitroxide radical
through the pyridine ring. A quantitative treatment of the
susceptibility, including the orbital degeneracy of the cobalt-
(1) center, cannot be carried out due to the lack of a
2Nl theoretical model for this kind of system. As a preliminary
Figure 3. 2-D array in theac-plane of complexl. tre:’:\tn)ent, we used the Spin Hamiltonien= _ZJ(SCOSadl

0as . + SoSad2) and deduced the resulting magnetic susceptibility
} o expression given by eq 1:
030 IR

am = {INGBAK(T — 0)[(A/B)} + Nau 1)

A =10+ exp(=5J/KT) + 10 exp2J/KT) + 35 exp(J/KT)
B =2+ exp(=5J/KT) + 2 exp2J/KT) + 2 exp(I/KT)

No. =120 x 10 ®cm®mol ™

whereJ corresponds to the coupling between the cobalt(ll)
_ ion and the radical antlla is the temperature-independent
, . ‘ ‘ . Lo paramagnetism. The least-squares analysis of magnetic

o %0 0o 1:/‘:( 200 250 300 susceptibility data in the temperature range from 300 to 20
Figure 4. Plots ofym andues vs T for complex1, the solid line showing K'leads toJ = —6.04 e, 9=2.25,0 =0.97K, andR =
the best fit to the values. ’ 3.37x 1072 (the agreement factor defined Bs= 3 (yobs —

xea)?Y (xond?); the fitting for the magnetic susceptibility data

cm! to the terminal ones. The diagnostig vibration was below 20 K was unsuccessful, which may be attributed to
found at 1360 and 1378 crh the spin-orbit coupling effect in cobalt(ll) centers.

Complex1 is luminescent and exhibits spectra that are N conclusion, when the dicyanoaurate anion and radical
very similar to that of the NITpPy ligand alone at room are used as building blocks, the interplay between covalent
temperature. Because the investigations on luminescencetnd aurophilic bonding interactions has been shown to be
behavior of this kind of complex are very limited, further @n appropriate approach to prepare-Aadicak-M com-

work is needed in this area for a explanation of luminescence Pounds exhibiting interesting structures and physical proper-
of the present complex. ties. This is the first example of a complex containing gold(l),

a radical, and cobalt.
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