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Introduction

In contrast to the extensive investigations into the chemistry
of organogold(l) complexes,there are comparatively few
compounds containing direct metahetal bonds between gold
and the heavier group 14 elemeat®Recently, there have been
several structural investigations of gelsilicon species;how-
ever, the area of molecular AlGe and Au-Sn chemistry is
still virtually unexploredt~” An underlying motivation for
studying these materials is their potential photoactivity, either
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been a report of a structural characterization of two—-&e
complexe&and of several compounds containing-A8in units’

In order to exclude the influence of other ligands upon-A

(M = Ge, Sn) bond formation, digerma- and distannaaurate salts
were chosen as target compounds for this study in the expecta-
tion that they would feature unsupported-AM bonds.

Experimental Section

All manipulations were performed under an inert gas atmosphere
of dried argon in standard (Schlenk) glassware which was flame dried
with a Bunsen burner prior to use. Solvents were dried according to
standard procedures and saturated with Ar. The deuterated solvents
used for the NMR spectroscopic measurements were degassed by three
successive “freezepump-thaw” cycles and dried over 4-A molecular
sieves.

TheH-, 2°Si-, 31P-, 119%5n-, and’Li-NMR spectra were recorded on
a Bruker AC 200 spectrometer equipped with a B-VT-2000 variable
temperature unit (at 200.13, 39.76, 81.03, 74.63, and 77.78 MHz,
respectively) with tetramethylsilane, Lil (1 M, external), Snjviand
HsPQO, (85%, external) as references. Elemental analyses were carried
out in the microanalytical laboratory of the Chemistry Department at
Wirzburg. [HsCC{ CHzN(Li)Si(CH3)s} 3]z (1) was prepared as reported
previously by us! All other chemicals used as starting materials were
obtained commercially and used without further purification.

Preparation of Compounds. General Procedure for the Prepa-
ration of H 3CC(CH2NSiMe3)sMLi(THF) > (M = Ge, Sn). To a stirred
solution of 527 mg (0.75 mmol) of ¥ C[CHN(Li)SiMes]s(THF)3 in
30 mL of THF which was cooled at30 °C was added 143 mg (0.75
mmol) of SnC} (for compoundl) or 174 mg of GeGldioxane) (for
compound2). After warming to room temperature the solution was
allowed to react for another 6 h. The THF was removed by vacuum
distillation, the oily residue was dissolved in 30 mL of pentane and
filtered through Celite (removal of LiCl), and the solvent was removed

as emissive species finding application as photosensitizers or,again by distillatiorin vacua The products were obtained analytically

upon photolytic fragmentation, as radical chain initiators.

We have recently synthesized several thermally stable tri-
amidometalates of the group 14 eleménthich readily bond
to late transition metal complex fragmeats.in view of their
excellent behavior as metal building blocks and capability to
stabilize otherwise labile molecular units, we set out to
systematically deploy them to give simple heterobimetallic
systems involving monovalent gold. There has only recently
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pure as pale yellow oils and dried in high vacuum for 6h.

H3CC(CH NSiMe3)sSnLi(THF) ;2 (1). Yield: 92%. *H-NMR (200.13
MHz, tolueneds, 273 K): 6 0.29, 0.45 (s, 27H, Si(Ch), 0.68 (s,
3H, H5CC), 1.38 (m, 8H, EI,CH;0), 2.94 [d, 2H, CHN, 2Jyy = 11.5
Hz], 3.28 (d, 2H, CHN), 3.37 (s, 2H, CkN), 3.55 (m, 8H, CHCH0).
{H}3C-NMR (50.32 MHz, toluenels, 245 K): 6 1.1, 1.4 [Si(CH)3],
25.34 CH,CH;0), 27.8 (HCC), 41.0 (HCC), 57.2, 59.3 CH:N), 68.5
(CH:CH20). {H}%Sn-NMR (74.63 MHz, toluenes, 273 K): 6
—398.8. Anal. Calcd for @Hs,LiIN30,SisSn: C, 44.00; H, 8.73; N,
7.00. Found: C, 43.87; H, 8.71; N, 6.93.

HsCC(CH2NSiMes)sGeLi(THF) . (2). Yield: 94%. H-NMR
(200.13 MHz, toluenels, 245 K): 6 0.35 (s, 18H, Si(Ch)s), 0.54 (s,
9H, Si(CH)3), 0.73 (s, 3HH5CC), 1.27 (m, 8H, E,CH;0), 2.77 [d,
2H, CHN, 2J(HH) 10.8 Hz], 3.10 (d, 2H, CBN), 3.25 (s, 2H CHN),
3.56 (M, 8H, CHCH,0). {*H}'3C-NMR (50.32 MHz, toluenels, 245
K): 6 0.7, 1.1 [Si(CH)3] 25.1 (CH.CH,0), 26.2 (HCC), 35.4 (HCC),
55.9, 57.5 CH:N), 68.3 (CHCH,0). Anal. Calcd for GHs;GeLi-
N3O,Sis: C, 47.66; H, 9.45; N, 7.58. Found: C, 47.52; H, 9.39; N,
7.51.

General Procedure for the Preparation of [Q]{ HsCC(CH2NSi-
Mes)sM}.Au] (M = Ge, Sn; Q= BzPPhs, PPhy). To a stirred solution
of 300 mg (0.50 mmol) of BCC(CHNSiIMes)sSnLi(THF), (for
compound3) or 277 mg (0.50 mmol) of ECC(CHNSIiMes);GeLi-
(THF), (for compound4) in THF which was cooled at-50 °C was
added 155 mg (0.25 mmol) of [BPBz][AuCl] or, respectively, 174
mg (0.25 mmol) of [PEP][AuBr], and the reaction mixture was slowly
warmed to ambient temperature. After the mixture was stirred for
another 6 h, the solvent was removiedvacoy and the residue was
extracted with 15 mL of toluene. After filtration through Celite, the
solution was concentrated to 5 mL and storeet@5°C. Over a period
of several days3 and 4 are obtained as highly crystalline colorless
solids.

[BzPPhg][{H3CC(CH NSiMes)sSn}Au] (3). Yield: 38%. H-
NMR (200.13 MHz, GDs, 295 K): 6 0.35 [s, 54H, Si(Ch)s], 0.77 (s,
6H, CHs), 3.67 (s, 12H, Ck-N), 3.83 (d, 2H, CH-P, 2J(PH) 12.4
Hz), 6.91-7.51 (m, 20H, GHs). {*H}?*Si-NMR (39.76 MHz, GDs,
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Scheme 1. Synthesis of the Tripodal Triamidometalatesind2 and Their Coupling with [AuX]— To Yield 3 and42

Q = PhzPBz: 3
Q = PhP: 4

aKey: (i) SnCh or GeCl(dioxane) in THF; (ii) [QI[AuX;] (X = ClI, Br) in THF.

295 K): 6 —0.7. 3P{'H} NMR (81.03 MHz, GDs, 295 K): 6 24.3. triamidometalates s CC(CHNSiMes)sMLIi(THF) 2 (M = Sn (),
{*H}*9%Sn-NMR (74.63 MHz, €D, 295 K): 6 480.1. Anal. Calcd  Ge ()) (Scheme 1). Compourtis closely related to ECC-
for CssHo,AUNGPSESR: C, 43.93; H, 6.54; N, 5.80. Found: C, 43.84;  (CH,NSiMes)sSnLi(ELO) which has been previously reported
H, 6.47. N, 5.74. by us? its Ge analogu@ has essentially identical spectroscopic

PPhy][{ HsCC(CH,NSiMes)sGe} ,Au] (4). Yield: 46%. 'H-NMR .
(20[0.13“]5&3 GI(De 2295 IK):?;)SSO.z}lz [g] (54)H Sli(Clgipg] (()).64 (s, 6H properties at low temperaturéH-, 13C-NMR spectra recorded

CHy), 3.13 (s, 12H, CHN), 7.58 - 7.95 (m, 20H, Hs). {*H}%P- at 245 K) and is therefore assigned a similar structure w_ith an
NMR (81.03 MHz, GDs, 295 K): o 24.3. Anal. Calcd for GHoz overall moleculalCs symmetry. When the temperature is raised,
AuGeNgPSk C, 46.51: H, 6.90: N. 6.26. Found: C, 46.39; H, 6.84: €xchange broadening of thel-NMR resonances is observed,
N, 6.20. coalescence occurs at 293 K, and the high temperature limit is
X-ray Crystallographic Study of 4. A pale yellow crystal of4 reached above 320 K reflecting an effective 3-fold symmetry

with dimensions 0.34 0.30 x 0.18 mm was sealed under argonina of the molecule. This may be interpreted as due to rapid
Lindemann tube for data collection. A total of 3167 unique d&a ( exchange of the (THR)i* fragment between the three equiva-
= 0.0834) were collected on a Philips PW1100 four-circle diffracto- |ent bridging positions in2 at high temperatures, the free
meter in thed range 3-23°. The positions of the gold and germanium  5qtivation enthalpy of the process beiAG* = 59.8 kJ mot™.

atoms were deduced from a Patterson synthesis, and the remaining NONA similar behavior is observed in the high temperature range
hydrogen atoms were located from subsequent Fourier and difference-for compoundl (AG* = 74.5 kJ mot)

Fourier syntheses.

Crystal data: GHeNsGesPAU, M = 1342.97, monoclinicC2/c, a Upon reaction of 2 molar equiv df and 2 with [Q][AuX ]
= 24.129(4)b = 11.617(2),c = 24.918(4) A8 = 108.42(3}, V = (Q = PhPBz, PhP; X = CI, Br), the respective distanna- and
6627(2) B, Z = 4, F(000) = 2752D, = 1.346 g cm?, (Mo Ka) = digermaaurates [BRBz][{ HsCC(CHNSIMe;)sSr}2Au] (3) and
32.78 cml, [PhyP][{ H3CC(CHNSiIMes3)3Ge} 2Au] (4) are formed as shown

After refinement with isotropic thermal parameters for all non- in Scheme 1. The analytical and spectroscopic data are
hydrogen atoms, an empirical absorption correéfidtransmission consistent with linearly configurated gold complex anions. A
factors: maximum 0.788, minimum 0.297) was applied. In the final remarkable spectroscopic feature 8fis the considerable
cycles of full-matrix least-squares refinementféhanisotropic thermal coordination shift ofca. 880 ppm observed in thH8%Sn NMR
parameters were assigned to all the ordered non-hydrogen atoms Otspectrum upon coordination of the stanrifé(11%Sn) —398.8]
the complex. FinaR; ar_1d wR values for 309 parameters were 0.0733 to the Au(l) center in the formation & [0(1195n) 480.1]:4
and 0.1518 for data with > 20(l). . . .

In order to establish their molecular structure and provide
Results and Discussion the first structural evidence for a GAu—Ge unit, a single-
crystal X-ray structure analysis of was carried out. The
molecular structure o# is shown in Figure 1 along with the
principal bond lengths and interbond angles; the fractional
atomic coordinates of are listed in Table 1.

The starting materials for the AtM complexes was the
tripodal lithium amide HCC(CHN(Li)SiMe3s)3(THF)s,1 which
upon reaction with SnGland GeCJ(dioxane) in THF gave the

(11) Gade, L. H.; Mahr, NJ. Chem. Soc., Dalton Trand993 489. (14) The!%Sn NMR chemical shifts in compounds containing divalent tin
Hellmann, K. W.; Gade, L. H.; Li, W.-S.; McPartlin, Mnorg. Chem. may vary considerably and span a range of almost 5000 ppm. A
1994 33, 5974. qualitative rationale for this situation has been given. See: B.

(12) SHELXTL PC version 5.03. Siemens Analytical X-Ray Instruments, Wrackmeyer inUnkorventionelle Wechselwirkungen in der Chemie
Madison, WI, 1994. metallischer ElementeKrebs, B., Ed.; VCH: Weinheim, Germany,

(13) Sheldrick, G. M. SHELXA. UniversitaGottingen, 1990. 1992 p 111.
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Table 1. Atomic Coordinates}10] and Equivalent Isotropic
Displacement ParametersA 107 for 4

X y z
Au 2500 2500 5000
Ge 1946(1) 2990(2) 5627(1)
C(5) 917(8) 3739(17) 6757(8)
C(4) 1292(7) 3488(15) 6373(8)
C(1A) 885(14) 3716(32) 5716(15)
C(1B) 872(25) 3061(58) 5836(26)
N(1) 1126(6) 3102(12) 5324(6)
Si(1) 693(2) 3143(5) 4639(3)
c(11) 1009(8) 2329(21) 4184(8)
c(12) —34(8) 2604(22) 4575(9)
Cc(13) 577(12) 4611(20) 4333(12)
c() 1724(12) 4421(17) 6420(10)
N(2) 2097(7) 4334(12) 6053(7)
S1(2) 2355(2) 5630(4) 5888(3)
C(21) 1800(10) 6513(18) 5374(10)
c(22) 2651(10) 6528(16) 6551(9)
c(23) 2957(8) 5372(16) 5601(8)
C(3A) 1487(15) 2310(27) 6450(16)
C(3B) 1797(21) 2557(44) 6709(21)
N(3) 1977(7) 1958(11) 6222(6)
Si(3) 2077(3) 526(5) 6206(3)
C(31) 2143(13) —128(19) 6920(9)
C(32) 1440(10) —-161(18) 5654(10)
C(33) 2762(8) 217(15) 6042(9)
P(1) 0 —250(6) 7500
Cc(41) —200(9) 681(16) 6891(9)
C(42) —49(10) 356(19) 6424(12)
Figure 1. Structure of the {HsCC(CHNSiMe;)sGe},Au]~ anion in C(43) —231(11) 1049(25) 5942(12)
4. Principal bond lengths and interbond angles are as follows: Au C(44) —576(10) 1991(23) 5941(12)
Ge 2.423(2), GeN(1) 1.885(13), GeN(2) 1.858(14), Ge'N(3) 1.89- C(45) —734(11) 2290(23) 6396(13)
(2) A; Ge-Au—Ge 180.0, N(1}Ge—N(2) 99.4(7), N(1}-Ge-N(3) C(46) —533(9) 1635(17) 6892(10)
97.8(6), N(2)>-Ge—N(3) 97.6(6), N(1-Ge—Au 118.7(5), N(2)-Ge— C(51) 615(10) —1143(18) 7545(9)
Au 121.1(5), N(3-Ge—Au 117.6(5). C(53) 1610(9) —1746(22) 7912(12)
c(52) 1166(8) —988(18) 7886(9)
The structural center piece of the molecular anion is the linear ~ C(54) 1512(12) —2624(20) 7564(12)
Ge—-Au—Ge unit [Au(1)-Ge(1) = 2.423(2) A] which is C(55) 961(11) —2831(19) 7176(10)
C(56) 516(9) —2066(21) 7175(10)

effectively shielded by the peripheral Siyigroups. The Au-
Ge distance of 2.423(2) A lies between the values determined (L H.G.), the EPSRC (M.McP.), the DAAD and British Council

by Schmidbaur and co-workers for @)AuGeC} and (PhP)- (ARC grant to M.McP. and L.H.G.) and the European Science
AuGeC} [d(Au—Ge) = 2.406(1) A and 2.536(1) A, respec-  Foundation (M.C.) for financial support and Wacker Chemie
tively].® AG for a generous gift of basic chemicals. Thanks are also

The Au atom resides upon a crystallographic center of due to Frank Fecher for assistance with the experimental work
symmetry which relates the two triamidogermanate units of the and Professor H. Werner (Waburg) for his continued interest
complex and imposes exact linearity on the -@ai—Ge and support.
linkage. The tripodal amido ligands adopt a mutually staggered
conformatlon. with thglr respectlve SiM@roups interlocking determination, a figure showing the numbering scheme, and tables
‘9 0ff§et steric repuISIQn arising from the convergence of the positional and thermal parameters, and interatomic distances and angles
triamidogermanate units to the Au(l) center. for compound4 (6 pages). Ordering information is given on any current
masthead page.
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