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Pioneering works of Pignoleaind others have described gold
containing carbonyl or phosphine clusters with small-to-modest
ratios of Au to other active metals. Some of these mixed-metal
species have been reported to have catalytic activity. However,
organic solvent soluble, stoichiometric, mixed-metal compounds
containing gold are relatively rare. Molecular species containing
1:1° Au:Ag and 6:2 Au:Ag have been reported from our laboratory.

This paper describes a successful approach to the synthesis of

organic solvent soluble mixed-metal geldilver compounds with
2:1 and 1:2 Au:Ag ratios.

Heterobimetallic molecular species can produce unique optical,
catalytic/ and electronic properties. For example, gedilver

clusters have been synthesized and found to be highly efficient

optical material%® which possess enhanced Non-Linear Optical
activity (NLO) over that of the pure silver and gold complexes. A

recent review describes some of the other interesting properties of

gold nanoparticle¥? Recently, nanoparticles of gold on oxide
surfaces! formed by calcination of organic solvent soluble,

multinuclear gold compounds, have been found to be excellent room

temperature oxidants for CO. Mixed-metal gekllver nanopar-
ticles of well-defined Au:Ag ratios appear to offer some interesting
new opportunities.

Balch2 and ourselved reported the interaction of trinuclear gold
carbeniates and benzylimidazolates withorganic acids. The
trinuclear Au(l) compoundl, interacts with acidic cations, such
as Ag(l) and TI(l), to form chains in which the acidic metal cation
interacts with the trinuclear Au(l) compounds in a [BBA] repeat
pattern (A/B is acid/basé)This pattern is also observed when the
neutral, acidic trinuclear Hg(ll) complex, [H@sF4)s], or the
organic electron acceptor TCNQ interacts with these trinuclear
bases. Some organic acids, such g&QC;gFs, and GFsBr, produce
a stacked BABA patterf? It also has been demonstrated that the
AB units retain some integrity in organic solvefits.
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In continuing studies of the interactionsmfacids with trinuclear
gold bases, the gold(l) carbeniale was reacted with the silver(l)
3,5-diphenylpyrazolate? (see graphic above)The crystalline
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Figure 1. (Top) Thermal ellipsoid representation (50%) of a trinuclear
unit in 3. (Bottom) Dimer of trinucleaB. Selected bond lengths (A) and
angles (deg): Au(})-Ag(2) 3.264(2), Au(l)y-Ag(4) 3.309(2),
Au(l)---Ag(l) 3.405(2), Au(2y-Ag(l) 3.082(2), Au(2)»-Ag(4)
3.2156(2), Ag(1)+Ag(2) 3.289(2); Au(1)--Ag(2)---Ag(1) 62.66(4).

products were not the expected aclihse adducts but mixed-metal
gold—silver complexesThe lability of the Au-N bond of the
gold(l) carbeniate apparently allows the nine-membered ring to
open and then close again after capturing one or two silver
pyrazolate units, depending upon the ratio of the component
trinuclear starting materials. Thus, the mixed-metal products,
Au(carb)Ag(u-3,5-Phpz), 3, and Ay(carbyAg(u-3,5-Phpz), 4,
are produced (Figures 1 and 2). The compounds were analyzed
using powder diffraction and compared with the pattern generated
from the single crystal data.

Compounds3 and4 were synthesized by the reaction band
2 in CH,CI; in stoichiometric ratios of 1:2 and 2:1, respectively
(Supporting Information). The crystals were grown by slow
evaporation from CkCl, solution over a few days. Hairlike crystals
of 3and4 were isolated with no evidence from the powder patterns
of mixtures being formed. Each compound crystallizes with one
independent dimer under tricliniel (Z = 2) and orthorhombic
Pca2; (Z = 4) symmetry, respectively (Supporting Informa-
tion). The white powders ofd and 4 show a strong green
luminescence under UV excitation at room temperature and a yellow
luminescence at 77 K,laminescence thermochromisas reported
for [Ag(TRbz)][BF 4], where TRbz= (u-N3,C*bzimAu)s.8 The new
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Figure 2. (Top) Thermal ellipsoid representation (50%) of one of the
trinuclear units iM. (Bottom) Dimer of trinuclead. Selected bond lengths
(A) and angles (deg): Au(iYAu(2) 3.275(2), Au(1)-Ag(1) 3.280(2),
Au(2)---Ag(1) 3.243(2), Au(1y-Au(3) 3.335(1); Au(2)--Ag(1)---Au(1)
60.26(3).

compounds are soluble in most organic solvents in which they are

stable (by!H NMR and emission), and they are stable at room
temperature in the solid state.

The structure of3 is a dimer of the trinuclear units with two
intermolecular interactions between gold and silver of--Alg
3.309(2) and 3.082(2) A (Figure 1). The structureddfFigure 2)
shows one intermolecular AuAu interaction of 3.335(1) A
between the trinuclear units. A long interaction of 3.426 A exists
for Ag(2)---Au(2). The Au--Au distances in the starting trinuclear
gold(l) carbeniatesl are 3.224, 3.288, and 3.299 A. Dimér
contains two Aer-Au interactions of 3.225 A between the trinuclear
units1* The structure of the dimer of the trinuclear silver pyrazolate,
2, shows only one Ag-Ag interaction,~3.0 A between these units
with intratriangular Ag--Ag distances 0f~3.3—3.5 A15

The metallocycles o8 and4 are irregular and puckered similar
to 1 and 2. The puckering is greater i than in4. The mean
deviation of the atoms from a plane for one of the trinuclear units
in 3is 0.47 and 0.34 A irt. The two complexes show independent
units in their packing pattern similar to that of the starting materials.
The structural chemistry of gotesilver complexes has been
reviewed recently®

In summary, this communication describes two new organic
solvent soluble mixed-metal gotasilver complexes which have

been obtained by mixing the gold(l) carbenidteand the silver(l)
pyrazolate,2, in specific stoichiometric ratios, exploiting what
appears to be the relative lability of the gelditrogen bonds’”
The properties of these new mixed-metal complexes and their
potential as mixed-metal catalyst precursors are being investigated.

Acknowledgment. The Robert A. Welch Foundation of Hous-
ton, Texas is acknowledged for financial support.

Supporting Information Available: X-ray crystallographic files
for 3 and 4 (CIF). This material is available free of charge via the
Internet at http://pubs.acs.org.

References

(1) (a) Chandler, B. D.; Pignolet, L. HCatal. Today2001, 65, 39—50. (b)
Pignolet, L. H.; Aubart, M. A.; Craighead, K. L.; Gould, R. A.; Krogstad,
D. A.; Wiley, J. S.Coord. Chem. Re 1995 143 219.

(2) (a) Richter, M.; Strahle, Z. Anorg. Allg. Chem2001, 627, 918-920.

(b) Richter, M.; Fenske, D.; Strahle, 4. Naturforsch. B: Chem. Sci.
200Q 55, 907-912. (c) Pethe, J.; Strahle, 4. Naturforsch,. B: Chem.
Sci. 1999 54, 381-384.

(3) (a) Teo, B. K.; Zhang, HAngew. Chem.nt. Ed. Engl 1992 31, 445.

(b) Teo, B. K.; Shi, X.; Zhang, HJ. Chem. SocChem. Commuri992
1195. (c) McGrath, T. D.; Stone, F. G. A. Organomet. Chen2004
689 3891-3903.

(4) (a) Tran, N. T.; Powell, D. R.; Dahl, L. Palton Trans.2004 209. (b)
Tran, N. T.; Powell, D. R.; Dahl, L. FDalton Trans.2004 217.

(5) Rawashdeh-Omary, M. A.; Omary, M. A.; Fackler, J. P.]dorg. Chim.
Acta 2002 334, 376.

(6) (a) Burini, A.; Bravi, R.; Fackler, J. P., Jr.; Galassi, R.; Grant, T. A.;
Omary, M. A.; Rawashdeh-Omary, M. A.; Pietroni, B. R.; Staples, R. J.
Inorg. Chem.200Q 39, 3158. (b) Burini, A.; Fackler, J. P., Jr.; Galassi,
R.; Pietroni, B. R.; Staples, R. @hem. Commuril998 95. (c) Burini,

A.; Mohamed, A. A.; Fackler, J. P., JEomments Inorg. Chen2003
24, 253.

(7) (a) Sinfelt, J. H. InMetal—Metal Bonds and Clusters in Chemistry and
Catalysis Fackler, J. P., Jr., Ed.; Plenum Press: New York, 1990; pp
103-112. (b) Meitzner, G. H.; Via, G. H.; Lytle, F. W.; Sinfelt, J. Hl.
Chem. Phys1987, 87, 6354-6363.

(8) Rousset, J. L.; Renouprez, A.; Cadrot, A. Rhys. Re. B 1998 58, 2150.

(9) Zhang, H.; Zelmon, D. E.; Deng, L.; Liu, H.-K.; Teo, B. B. Am. Chem.
Soc.2001, 123 11300.

(10) Daniel, M.-C.; Astruc, DChem. Re. 2004 104, 293—346.

(11) (a) Choudhary, T. V.; Chusuei, C. C.; Datyne, A. K.; Fackler, J. P., Jr,;
Goodman, D. WJ. Catal.2002 207, 247. (b) Haruta, MCatal. Today
1997, 36, 153. (c) Hayat, M. AColloidal Gold: Principles, Methods,
and Applications Academic Press: San Diego, CA, 1991.

(12) Olmstead, M. M.; Jiang, F.; Attar, S.; Balch, A. . Am. Chem. Soc
2001, 123 3260-3267.

(13) (a) Burini, A.; Fackler, J. P., Jr.; Galassi, R.; Grant, T. A.; Omary, M. A;;
Rawashdeh-Omary, M. A.; Pietroni, B. R.; Staples, RJ.JAm. Chem.
Soc.200Q 122 11264. (b) Rawashdeh-Omary, M. A.; Omary, M. A;;
Fackler, J. P., Jr.; Galassi, R.; Pietroni, B. R.; Burini,JAAm. Chem.
Soc. 2001, 123 9689-9691. (c) Omary, M. A.; Mohamed, A. A;
Rawashdeh-Omary, M. A.; Fackler, J. P.,Qoord. Chem. Re In press.

(14) Bonati, F.; Burini, A.; Pietroni, B. R.; Bovio, Bl. Organomet. Chem.
1989 375 147.

(15) Mohamed, A. A.; Perez, L. M.; Fackler, J. P.,1iorg. Chim. Acta2005
358 1657-1662.

(16) For example: (a) Gimeno, M. C.; Laguna,@omp. Coord. Chen2004
911-1145. (b) Catalano, V. J.; Horner, Sldorg. Chem2003 42, 8430.

(c) Wang, Q.-M.; Lee, Y.-A.; Crespo, O.; Deaton, J.; Tang, C.; Gysling,
H. J.; Gimeno, M. C.; Larraz, C.; Villacampa, M. D.; Laguna, A,;
Eisenberg, RJ. Am. Chem. So2004 126, 9488-9489.

(17) Coates, G. E.; Parkin, @. Chem. Socl962 3220. Attempts to follow
the ligand exchange b¥H NMR and other spectroscopies have been
unsuccessful.

JA0429869

J. AM. CHEM. SOC. = VOL. 127, NO. 14, 2005 5013



