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Self-Assembly of [(MePhP)Au] [Au(GeCls);]~ into Chart 1
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Receied March 5, 1996 During our continuing studies of the auriophilicity phe-

nomeno#—3 we now discovered another extravagant case of

The supramolecular aggregates of two-coordinate gold(l) ion association with a nonalternating sequence of ions but with
complexes of the type £Au—X (L = neutral donor ligand,  the unprecedented patter [~ — +]. .
X = anionic ligand) have a multifaceted structural chem- (Pimethylphenylphosphine)gold(l) chloride was found to
istry,1* including dimers and higher oligomers, as well as '€act with the germanium dichloride dioxane complex in
one-, two-, and three-dimensional polymers. In all cases the t€trahydrofuran at=78 °C to give a bright yellow, highly
association is based on sub van der Waals Au--Au contactsPhotoluminescent, crystalline product (mp 187, dec) of the
(auriophilicity)® with distances and bond energies in the order Nt composition (MgPhP)AuGed, 1, as confirmed by ele-
of 3.0 A and 7 kcallmof;® respectively, with variations mental analysi$’ GeC} insertion into an Aa-Cl bond has

depending on the nature and steric requirements of L and X, 'écently also been carried out with gPhAUCI, and the product

These parameters place auriophilicity in the same category as¥@S shown to be indeed the expected (phosphinejgold
hydroggn bonds P uriophiicity 1 gory trichlorogermyl complex (Pi#P)AuGeCk.1® This compound is
' associated intaimerswith a staggered configuration in the

Structurally, the intermolecular contacts betweenAu—X
crystal (typeC).

molecules occur perpendicular to the main molecular axis, and
with the monomers in an eclipsed (parallel/ antiparalkiB) th
or staggered orientatioiC}, and in chain-type aggregates these 4(Me,PhP)AuCH 4GeCL(dioxane)me>
modes may be alternating following different sequential

patterng.410-13 {[(Me,PhP)AuU] "[Au(GeCL),] }, (1)
It was noted in some of the earlier structural studies already, i _ o
that an isomerization of the neutral complexes-Au—X Unexpectedly, the field desorption mass spectrometric in-

through ligand redistribution may lead to ionic species of the Vestigation of compounti showed the cations [(MEhPYAu]™
general type [RAU]*[AX2]~, the components of which can as the parent peak (100%), which suggested a redistribution of
again form o|ig0mers through Au--Au Contact's)( Examp|es the phOSphlne |Igands already in solution. This assumption

in case arq[('[etrahydrothiophen@Au]jL [Au|2]*}nand{[Pyr2_ was corroborated by the NMR data of CQCS!;untions
Au]* [AuBr,] 11415 As probably expected, the sequence of Of the complex: The'H and *3C resonances exhibit second
ions in the chains follows the pattera-[- + — + — + —] order splitting associated with strong coupling of the two

largely dictated by electrostatic forces. To the best of our Phosphorus atoms across the Au center to gi¥@RH's and
knowledge there is only one exceptiff to this concept, ~ CPP spin systems for the methyl hydrogen and carbon

{[PyrAu]"[AuX5]"}2 (X = ClI, Br, 1), wheretetramerswere atoms, respectivelip Sugh a split’ging should be .absent in
found, with anonalternating sequence of iofs- + + —], L—Au—X complexes but is compatible with the ionic formula
which is clearly at variance with the simple rules of Coulomb [L2Aul"[AuXz]™. _
forces. The X-ray analysis of a single crystal &f(from CHCL/
hexane, monoclinic, space gro&g,/c, Z = 4) confirmed the
(1) Schmidbaur, HGold Bulletin199Q 23 11-21. ionic structure of the compourfd. The ionic components are
gg ggngggﬂ:' Egﬁ%ﬁ'_sg'gé_%%‘1%%6128%%02_13_220' arranged intetramers however, with a quasi-linear sequence
(4) Jones, P. GGold Bulletin1981, 14, 102-118;1981, 14, 159-166; of gold atoms built from a pair of very closely spaced anions
1983 16, 114-124;1986 19, 46-57. in the center [Au2-Au3 2.881(1) A], and two terminal cations

1 R e e e D Tena oy O Sehmidbaur - [Au1-Au2 2.981(1), Au3-Au4 2.976(1) A] (Figure 1). The

(6) Schmidbaur, H.; Graf, W.; Mler, G. Angew. Chem., Int. Ed. Engl.  conformation of the tetramer is all-staggered, and the coordina-

19£(%% %75 glzl—é%g. H. Dziwok. K.: Gron Al G.Ch tion geometry is close to linear at all four gold atoms.

a chmiabaur, H.; Dziwok, K.; Gronmann, A.; , G em. i i H

Ber. 1989 122 893-895. (b) Dziwok, K.; Lachmann, J.; Wilkinson, D. Thlshﬁj[r!idgre I‘:’i nbOte\év.orthy betcause it derﬂo?s”ates tl?at
L.; Mdiller, G.; Schmidbaur, HChem. Ber199Q 123 423-431. auriophificity-baseda bonding Is strong enough 10 overrule

(8) Narayanaswany, R.; Young, M. A.; Parkhust, E.; Ouelette, M.; Kerr, Coulomb repulsion between two anions. The Au--Au distance
M. E.; Ho, D. M.; Elder, R. C.; Bruce, A. E.; Bruce, M. R. Mhorg. Chem.

1993 32, 2506-2517. (16) Adams, H.-N.; Hiller, W.; Stitale, J.Z. Anorg. Allg. Chem1982
(9) Pyykkg P.; Zhao, Y.Angew. Chem., Int. Ed. Endl991, 30, 604— 485 81-91.
605. (17) (MePhP)AuUCI (0.50 g, 1.43 mmol) and Ge(lioxane) (0.33 g,
(10) Schmidbaur, H.; Weidenhiller, G.; Steigelmann, O:jliety G. Z. 1.43 mmol) in 20 mL of tetrahydrofuran were stirred h at—78 °C.
Naturforsch.199Q 45k, 747-752. The resulting yellow solution was allowed to warm to room temperature,
(11) Assefa, Z.; McBurdett, B. G.; Staples, R. J.; Fackler, J. P.; Assmann, and the product was precipitated by addition of pentane. Crystallization
B.; Angermaier, K.; Schmidbaur, Hnorg. Chem.1995 34, 75-83. from chloroform-hexane (1:1) yielded 0.61 g &f(83%), mp 167C (dec);
(12) Jones, P. G.; Lautner, Acta Crystallogr.1988 C44, 2089- 31p {1H} NMR (CDCls) 6 15.4 (s);*H NMR (CDCls) 6 2.06 (AeXX'A'g,
2091. N = 10.3 Hz, 12H, CHgy), 7.51-7.67 (m, 10H, CsHs). Anal. Found: C,
(13) Strale, J.; Hiller, W.; Conzelmann, WZ. Naturforsch1984 39h, 18.64; H, 2.18; Cl, 20.40. £111AuClzGeP (514.09) requires C, 18.69; H,
538-541. 2.16; Cl, 20.69. Mass spectrometry (FDn/z= 473 ([((MePhPAu]t,
(14) Ahrland, S.; Noren, B.; Oskarsson,lAorg. Chem1985 24, 1330~ 100%).
1333. (18) Bauer, A.; Schier, A.; Schmidbaur, Bl.Chem. Soc., Dalton Trans.
(15) Conzelmann, W.; Hiller, W.; Stide, J.; Sheldrick, G. MZ. Anorg. 1995 17, 2919-2920.
Allg. Chem.1984 512, 169-176. (19) Schmidbaur, H.; Franke, Rhem. Ber1972 105 2985-2997.
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Figure 1. Molecular structure of compouridwith atomic numbering
(ORTEP, 50% probability ellipsoids, hydrogen atoms omitted for
clarity). The tetranuclear unit has no crystallographic symmetry.
Selected bond lengths (&) and angles (deg): AAL2 2.981(1), Au2-
Au3 2.881(1), Au3-Au4 2.976(1), Auz-Gel 2.416(1), Au2Ge2
2.417(1), Au3-Ge3 2.409(1), Au3Ge4 2.414(1), AuxP1 2.313(2), ability ellipsoids, hydrogen atoms omitted for clarity). The dimer has

Aul—P22.311(2), Au4P3 2.304(2), Au4P4 2.306(2), GetAu2— a center of inversion, as indicated by the atomic numbering. Selected
Ge2 169.98(4), Ge3Au3—Ge4 169.20(4), PXAul—P2 170.06(9), bond lengths (A) and angles (deg): AGe 2.376(1), At-P 2.302(1),
P3—-Au4—P4 168.38(8). Au'—CI2 3.299(3), GeCI1 2.163(2), GeCI2 2.171(2), GeCI3

2.172(2), Ge-Au—P 167.9(1).
between the anions is even shorter than in metallic gold [2.889-
(1) Al and is also shorter than between anion and cation fAul  at the gold atom is not really linear fRAU—Ge 167.9(19], and
Au2, Au3—Au4, above]. As noted previously, the effect of a there are sub van der Waals-contacts-Ami2 [3.299(3) A].
germanium substituent appears to be particularly favorable for This result suggests that Au--Au contacts are superior in energy
reasons not yet properly understodd. to Au--ClI contacts in the aggregation ofHHAu—X molecules,
the latter gaining ground only as steric effects make metal

tht ! !
metal contacts impossible.

2(o-Tol;P)AuCl+ 2GeCl(dioxane Ery—

{(O_TO|3P)AUGEC£}2 (2) Acknowledgment. This work was supported by Deutsche For-
Large ligands L are required to finally quench the inherent schungsgemeinschatft, by Fonds der Chemischen Industriettarnaigh
Au--Au attraction. The product of the GeGhsertion into the  the donation of chemicaisby Degussa AG and Heraeus GmbH. The
Au—Cl bond of p-TolsP)AuCl is a stable trichlorogermyl gold authors are grateful to Mr. J. Riede for establishing the X-ray data sets.
compound ¢-TolsP)AuGeC} (2, mp 242°C, dec), which has _ ) ) o
spectroscopic data indicative of a “regular=Bu—X struc- Supporting Information Available: Table 1 containing>C NMR
ture2! A single crystal X-ray study (from CH@hexane data ofl and2 and Tables 212 containing crystal data, bond lengths,

colorless, monoclinic, space gro@e/c, Z = 4)22 confirmed bond angles, atomic coordma_tes'and thgrmal p_arameters for both
. . - - compounds (20 pages). Ordering information is given on any current
this assumption. Close inspection shows, however, that there

. . . . masthead page. Atomic coordinates, bond lenghts, bond angles and
is evidence for another type of weak aggregation to give a hermal parameters have also been deposited at the Fachinformations-

centrosymmetricadimer (Figure 2): The coordination geometry  zentrum Karlsruhe, Gesellschaft rfuwissenschaftlich-technische
(20) Crystal data of compourl_monoclinic, space group2y/c, a = Information mbH, D-76344 Eggenstein-Leopoldshafen. The data are

16669(2) A,b: 16191(2) c= 20312(2) A,ﬁ — 9470(1)’ \ = 5464- available on request on qUOtlng CSD No. 59403.
(1) A3, crystal dimensions 0.25 0.30 x 0.35 mm,Z = 4, dealcd = 2.500 JA960715V

g/cn3, F(000) = 3776 e, Enraf Nonius CAD4 diffractometer, Mo, K

radiation ¢ = 0.71069 A),T = —68 °C. Data were corrected for Lorentz
and polarization effects as well as for absorption [empiri€ah = 0.4825, (22) Crystal data of compour2l monoclinic, space group2i/c, a =
Tmax = 0.9983,u(Mo K,) = 135.94 cnl]. 10024 reflections measured,  11.548(1) Ab = 11.004(1) Ac = 18.424(2) Af = 99.34(1}, V= 2310.2-
9717 unique reflections from which 8148 > 40(F,)] were observed. (5) A3, crystal dimensions 0.2% 0.35 x 0.38 mm,Z = 4, deaica= 1.973
Non-H atoms were refined with anisotropic displacement parameters. g/cm 3, F(000) = 1296 e, Enraf Nonius CAD4 diffractometer, Mo, K
Hydrogen atoms were calculated in idealized geometry and included with radiation ¢ = 0.71069 A), T = —62 °C. Data were corrected for Lorentz

isotropic contributions. Refined parameters (508}, [unique datalz and polarization effects as well as for absorption [empiri€ah = 0.6771,
0.0900,R; [Fo = 40(Fo)] = 0.0388{WRx = [SW(Fo? — CZ)Z]/Z[WSFOZ)Z] 2, Tmax= 0.9992 u(Mo K,) = 81.01 cn1l]. 5072 reflections measured, 4309
Ri = S (||Fol — |Fel)/3 [Fo, W= 0/20%(Fo?) + (ap)? + bp, p = (Fo*+ 2F2)/ unique reflections from which 383F{ > 40(F,)] were observed. Non-H

3;a = 0.0501,b = 26.1687%, pfinas = +1.74/~1.88 e A3 [located at the atoms were refined with anisotropic displacement parameters. Hydrogen
heavier atoms]. The structure was solved by direct methods and refined by atoms were calculated in idealized geometry and included with isotropic
full matrix least-squares calculations (SHELXTL-93). contributions. Refined parameters (2482)R,) = 0.0267 (0.0289]R =

(21) (0-TolsP)AuCI (0.32 g, 0.57 mmol) and Gefdioxane) (0.13 g, S(IFol = |Fel)/3|Fol, Ry = [SW(|IFo| — |FC|)2/%WF02]1/2, w = 1/o?(Fo) +
0.57 mmol) in 10 mL of tetrahydrofuran were stirredr 8 h at room k(Fo)?, k = 0.000 16, psinat = +0.91/~1.05 e A3 [located at the heavier
temperature. The product was precipitated by addtion of pentane. Crystal-atoms]. The structure was solved by direct methods and refined by full

lization from chloroform-hexane (1:1) yielded 0.26 g & (67%), mp matrix least-squares calculations (SHELXTL-PLUS).
242 °C (dec);3'P {*H} NMR (CD.Cly) ¢ 19.9 (s);'H NMR (CD:Cly) 6 (23) Sheldrick, G. M. SHELXL-93, Gtingen, 1993.
2.70 (s, 3H, CH3), 6.93-7.54 (m, 4H, CgH4). Anal. Found: C, 36.99; H, (24) Sheldrick, G. M. SHELXTL-PLUS, Release 4.0 for Siemens R3

2.94; Cl, 15.89. gH,;AuCl;GeP (680.31) requires C, 37.08; H, 3.11; Cl,  Crystallographic Research Systems, Siemens Analytical X-ray Instruments,
15.63. Inc., Madison, WI, 1989.



