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The N-heterocyclic carbene (NHC) precursor 3,5-Nsffethylimidazoliumyl)methyl)pyrazole bis-
(hexafluorophosphate) gH(PFs),) reacted with AgO to afford the silver complex [Ad.2](PFs)2:0.5E60
(5). Reaction of5 with Au(Et,S)CI forms the corresponding Au(l) complex, [Au](PFs). (6). These
complexes were characterized By NMR, 3C NMR, UV—vis, luminescence spectroscopy, elemental
analysis, mass spectrometry, and X-ray crystallography. The two isostructural complexes contain
tetrametallic cores which are nearly square planar. Each L behaving as anionic tetradentate ligand links
four different metal atoms, and each metal atom is coordinated by a carbenic carbon and a pyrazolate
nitrogen atom. Both complexes and the ligand precursor are intensely luminescent in the solid state.

Introduction

ties!! Taking into account the strong-donating abilities of

NHCs, the pyrazole-linked bis(NHC) ligand as a potentially
The organometallic and coordination chemistry of N-hetero- anjonic tetradentate linker would be expected to be a suitable
cyclic carbenes (NHCs) has become a well-established area ofcandidate to connect transition metals into organometallic
research.Numerous NHC complexes have been reported, and aggregates. In addition, pyrazole and its derivatives are good
many of them have been successfully used as catalysts in variougjinycleating ligands to form bimetallic complexes and allow
reactions over the past decain recent years, the research  two metals bonded together with short metaletal contact&?
interests of metatNHCs has spread toward many other fields  As a continuation of our studies on the bonding and optical
such as material scieritand medicinal chemistryHeterodi- properties of closed-shell heterometallic interactiffgherein
topic NHC ligands incorporating donating heteroatoms such as
the functionalized NHCs bearing various functional groups such

(5) (a) Danopoulos, A. A.; Tsoureas, N.; Macgregor, S. A.; Smith, C.

as pyridyl® phosphinyF pyrazolyl? thioethers RO—,° imino,°
etc. have been reported.

Our interests lie in the design and synthesis of transition-

metal complexes with metaimetal interactions, which have
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2006 71, 5274. (c) Mas-Marza, E.; Sanau, M.; Peris|ritarg. Chem2005
44, 9961. (c) Catalano, V. J.; Malwitz, M. A.; Etogo, A. @org. Chem
2004 43, 5714. (d) Tulloch, A. A. D.; Winston, S.; Danopoulos, A. A,;
Eastham, G.; Hursthouse, M. Balton Trans.2003 699. (e) Catalano, V.
J.; Etogo, A. O.J. Organomet. ChenR005 690, 6041. (f) Chiu, P. L;

potentially useful chemical and physical properties such as Lai, C. L,; Chang, C. F.; Hu, C. H.; Lee, H. Mbrganometallic2005 24,

catalytic behavior and magnetic, optical, and electronic proper-
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Chart 1. [lllustration of the Tetradentate CNNC Ligand
/A NN =
NUNCAN NN
L

Scheme 1. Synthesis of Imidazolium Salts and Complex 5

* Ag,0
C'W\C'} or —2 L oY e

HN=NH CH,Cl,

N—NH
1 2
N-methylimidazole. NN N NN _—
= N-NH =
3
NHPFs SN N DN _
H:O ) g N-NH NZS -2pr,
4 4
N\ Figure 1. Molecular structure 05. Selected bond lengths (A) and
N = 1 2+ angles (deg): Ag(yAg(2) = 3.208(2), Ag(1>-Ag(2)#1= 3.295-
Ve \N»N\ (2), Ag(1)-C(6) = 2.072(6), Ag(1)-N(1) = 2.093(5), Ag(2);-
Ag,0 (/\N Ag—\—Ag C(10)= 2.054(7), Ag(2y-N(2)#1= 2.083(5); C(67-Ag(1)—N(1)
CHLCN /N/\ / \ /\/ / “2PFg = 176.7(2), C(10y-Ag(2)—N(2)#1= 179.6(2), Ag(1)-Ag(2)—Ag-
N (1)#1=91.90(4), Ag(2Y-Ag(1)—Ag(2)#1= 88.10(4). Symmetry
Ag Ag N\/) transformations used to generate equivalent atoms: (#1} 2,

-y+1,-z+1, #2)—x+2,-y+2, -z

=/ s resonances of the silveNHC complexes cover a wide range
from 213.7 to 163.2 ppri depending on the structural motifs
we report the synthesis and characterization of novel tetranucleargng the ancillary ligands. The AgC coupling constants for
Ag and Ay clusters sypported by a pyrazole-linked bis(N- Ag—NHC complexes are normally in the range of $&¥0
heterocyclic carbene) ligand (Chart 1). Hz. The sole exception was found for a silvétHC cluster
which gave coupling constants of 220 and 47 Hz, assigned to
o- andzr-bonding interactions, respectivel§2 The majority of

Synthesis and NMR Spectra.The direct reaction of 3,5- Ag—NHC complexes exhibit no resolved coupling due to the
bis(chloromethyl)pyrazole hydrochlorid&)(with an excess of dynamic behavior in solution and the poor relaxation of the
N-methylimidazolium did not afford the expected imidazolium carbenic carbon. The silver compléxas an N-heterocyclic
salt. Free 3,5-bis(chloromethyl)pyrazol@) (could not be carbene reagent was reacted with Au($Et to yield the
obtained by neutralization of by bases such as NaO;, corresponding [AsL5](PF,)2 (6) in ca. 50% vyield. Attempts to
NaHCG;, KOH, NaOH, and EN, probably due to intermo-  prepare a AgAu mixed cluster by changing the ratidoatnd
lecular polymerization. Compourftiwas produced in high yield  Au(SEb)CI failed, and workup only afforde@ and unreacted
by treatment ofl with Ag,O. Although it is not economical, 5. The3C NMR spectrum exhibited a singlet at 164.9 ppm.
this method is efficient. The imidazolium s&twas prepared  The carbenic carbon resonances ranging from 166 to 195 ppm

by the nucleophilic substitution of 3,5-bis(chloromethyl)pyrazole for Au—NHC complexes having €Au—X (X = halide) and
with N-methylimidazole, shown in Scheme 1. The imidazolium c—ay—C motifs have been observéd.

chloride was isolated as a pale yellow hygroscopic solid.
Subsequent addition of NJRF; to the aqueous solution &

Results and Discussion

These silver and gold complexes are quite stable toward air

afforded4 as a white solid. These compounds were characterizedand moisture, andH NMR spectra show no changes after

by elemental analysis arith and3C NMR spectroscopy. star;dlq?_lforthS mortn_hf. In the kES'MSb Spe;g‘gogé'g
Treatment of4 with Ag,O in CHsCN afforded the silver acetonitrile, the most intense peak was observ "

NHC complex [AgL,](PFe)»-0.5E40 (5). The formulationwas ~ corresponding to [Ad »(PF)]" (calcd vz 1087.0), whereas
determined by elemental analysis and further confirmed by the the Peak atmz960.9 could be assigned to [Ag(H-0)]* (calcd
NMR observations. The reaction is independent of the imida- MZ 960.1). Interestingly, the peaks aiz 471.1, 659.0, and
zolium/AgO ratio. Variation of the ratio from 1:0.5 to 1:1.5  768.4 were also observed and ascribed to[Ag (calcd m/z
gave the same silver compound, and no other silver species weré71.0), [AgL(PFs)(CH,CN)]* (calcdm/z657.1), and [Agl»(CHs-
detected byH NMR spectroscopy. The absence of acidic NH CN)]" (calcdm/z 767.4), respectively. Similarly, the electrospray
and CH proton resonances in #d NMR spectrum illustrates ~ mass spectrum d§ in acetonitrile gave a peak at'z 1443.1
that the ligand is coordinated to silver in a monoanionic bis- assigned to [AuL,(PFs)]" (calcd m/z 1443.4). The results
(NHC) form. Notably, two singlets at 178.1 and 175.8 ppm in presented above suggest that the tetranuclear cores are main-
the 13C NMR spectrum are seen, which are assigned to NHC tained in the gas phase and in solution.

carbene carbon resonances. Otk resonance signals are The details of the molecular structure ®fn the solid state

consistent with its formulation. It seems that the NHC rings \ere established by an X-ray diffraction study. The molecular
bonded to Ag(1) and Ag(2) are magnetically inequivalent (see

Figure 1), prOdebly becafuse anionic pyra20|.ate.ls not fully (13) (a) Garrison, J. C.; Simons, R. S.; Kofron, W. G.; Tessier, C. A;;
electron-delocalized. Their small chemical shift difference of Youngs, W. JChem. Commur2001 1780, (b) Garrison. J. C.: Simons,
23 Hz may not arise from AgC coupling. The carbenit’C R. S.; Tessier, C. A,; Youngs, W. J. Organomet. Chen2003 673 1.
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structure of5 is depicted in Figure 1. The asymmetric unit is
composed of half of the molecule with two independent silver
atoms and one 3,5-bid{{methylimidazolidiumyl)methyl)-
pyrazolate. The compound has an orthogonal planar core in
which four silver atoms are held together by two ligands. Both
L ligands link four different silver atoms by using two pyrazolate
nitrogen and two NHC carbon atoms acting as monoanionic
tetradentate ligands. All silver atoms are coordinated by a NHC
and a pyrazolate nitrogen atom in a nearly linear coordination
geometry with CG-Ag—C angles of 176.7(2) and 179.6{2The
silver—carbene distances of Ag(2C(6) and Ag(2)-C(10) are
2.072(6) and 2.054(7) A, respectively, consistent with the known
values of other silverNHC complexes. The four silver atoms
form a rectangular ring because of argentophilic attraction and
the functionality of the pyrazolate-linked NHC ligands with
relatively long Ag-Ag contacts of 3.208(2) and 3.295(2) A,
slightly shorter than the sum of van der Waals radii (3.4 A).

These four atoms are coplanar, as evidenced by the sum of each

two adjacent Ag-Ag—Ag angles being equal to 180The

Zhou and Chen

Figure 2. Molecular structure ob. Selected bond distances and

dihedral angles between pyrazolate rings and NHC rings acrossangles: Au(1yAu(2) = 3.276(1), Au(1)-Au(2)#1= 3.292(1), Au-

each silver atom range from 84 to@%lustrating that the same
metals are nearly perpendicular.

Although a large number of AgNHC complexes have been
structurally characterized, only a few trinucl€aand tetra-
nucleat* silver clusters stabilized by NHCs were reported by
Youngs’ and Catalano’s groups, respectively. For all these
clusters the silver atoms are all bonded to two NHCs with an
average Ag-C bond distance of 2.259(9) A. The silvezarbene

(1)—C(1) = 1.985(18), Au(1yN(1)#1 = 2.039(13), Au(2)-C(9)
= 1.988(16), Au(2yN(2)#1 = 2.035(14); C(1yAu(1)—N(1)#1
= 177.2(6), C(9-Au(2)—N(2)#1= 178.7(6), Au(2)-Au(1)—Au-
(2)#1= 88.99(3), Au(1}-Au(2)—Au(1)#1= 91.01(3). Symmetry
transformations used to generate equivalent atoms: (#1} 1,
-y, —z+ 2.

geometry with the €Au—N angles of 177.2(6) and 178.7¢6)

bond distances of the silver clusters seem to be longer thanypa metal--metal distances are 3.292(1) and 3.276(1) A, which

for other Ag-NHC complexed2 However, the Ag-C bond
distances of5 are considerably shorter than those of the
previously reported silver clustéfs but are consistent with
the majority of those in AgNHC complexes. The bond
parameters also compare with those of-A¢HC complexes
supported by bidentate pyrazole/NHC ligands without
apparent Ag-Ag interactions’® Furthermore, the AgN dis-
tances ob are 2.083(5) and 2.093(5) A, which are significantly
shorter than typical AgN bonds’®15In contrast to the shorter
Ag—C bonds o, the Ag—Ag distances are remarkably longer
than those of the tetranuclear clusters (2.768@1971(1) A)
and trinuclear clusters (2.725(2.851(1) A) found in the
literature.

So far, most of the structurally characterized silver NHC
complexes can be classified into categories f &g, C—Ag—
Xn (X = halides,n = 1—3), and CG-Ag—Ag, respectively:a
The C-Ag—Y (Y = coordinating anions other than halides)
type complexes are relatively rare; only a few mono(N-

heterocyclic carbene) complexes have been reported with silver

linearly bound to a carbene moiety and aryloxyl anibAg—
NHC complexes containing an anionic nitrogen ligand have not
been reported.

As shown in Figure 2, compleXis isostructural wittb. The
compound also consists of a square gold ring. The-godatbene
distances for Au(:yC(1) and Au(2>-C(9) are 1.985(18) and
1.988(16) A, respectively, which is comparable with other
known Au—NHC linkages. The four gold atoms display a linear

(14) (a) Catalano, V. J.; Malwitz, M. Anorg. Chem 2003 42, 5482
(b) Catalano, V. J.; Moore, A. Unorg. Chem 2005 44, 6558

(15) (a) Kristiansson, Oinorg. Chem 2001, 40, 5058. (b) Omary, M.
A.; Rawashdeh-Omary, M. A.; Diyabalanage, H. V. K.; Dias, H. V. R.
Inorg. Chem2003 42, 8612. (c) Matsumoto, K.; Harada, Y.; Yamada, N.;
Kurata, H.; Kawase, T.; Oda, MCryst. Growth Des2006 6, 1083.

(16) (a) Chung, M. CBull. Korean Chem. So2002 23, 921. (b) Van
Veldhuizen, J. J.; Campbell, J. E.; Giudici, R. E.; Hoveyda, AJHAm.
Chem. Soc2005 127, 6877. (c) Larsen, A. O.; Leu, W.; Oberhuber, C.
N.; Campbell, J. E.; Hoveyda, A. H. Am. Chem. So2004 126, 11130.

are very close to the AgAg contacts in comple%. The two
independent AttAu—Au angles are 88.99(3) and 91.01(3)
which are close to 9Qand their sum is equal to 180llustrating
that the four-membered gold ring is planar. The closest
intermolecular Au-Au separation is 5.452 A, excluding any
bonding interactions.

Gold tends to form multinuclear clusters due to aurophilic
attractions’ and a large number of Au(l) complexes containing
short Au—Au bonds have been investigated extensively with
phosphiné® and thiolated? Several Au(l) complexes with NHCs
have been recently studié8iand some of them show strong
Au—Au interactions. However, to our knowledge, Au clusters
stabilized by N-heterocyclic carbenes have not been reported

(17) (a) Schmidbaur, HGold Bull. 199Q 23, 11. (b) Codina, A;
Fernandez, E. J.; Jones, P. G.; Laguna, A.; Lopez-de-Luzuriaga, J. M.;
Monge, M.; Olmos, M. E.; Perez, J.; Rodriguez, M. A.Am. Chem. Soc.
2002 124, 6781.

(18) (a) Hamel, A.; Mitzel, N. W.; Schmidbaur, H. Am. Chem. Soc.
2001 123 5106. (b) Canales, F.; Gimeno, M. C.; Laguna, A.; Jones, P. G.
J. Am. Chem. Sod996 118 4839. (c) Leung, K. H.; Phillips, D. L.; Tse,
M.-C.; Che, C.-M.; Miskowski, V. MJ. Am. Chem. S0d.999 121, 4799.

(d) Ehlich, H.; Schier, A.; Schmidbaur, l@rganometallic2002 21, 2400.

(19) (a) Tzeng, B.-C.; Huang, Y.-C.; Wu, W.-M.; Lee, S.-Y.; Lee, G.-
H.; Peng, S.-MCryst. Growth Des2004 4, 63. (b) Ehlich, H.; Schier, A;
Schmidbaur, HInorg. Chem.2002 41, 3721. (c) Tzeng, B.-C.; Yeh, H.-
T.; Huang, Y.-C.; Chao, H.-Y.; Lee, G.-H.; Peng, S.dxorg. Chem2003
42, 6008.

(20) (a) de Fremont, P.; Scott, N. M.; Stevens, E. D.; Nolan, S. P.
Organometallic2005 24, 2411. (b) Wang, H. M. J.; Vasam, C. S.; Tsali,
T.Y.R.; Chen, S.-H.; Chang, A. H. H.; Lin, |. J. Brganometallic2005
24, 486. (c) Barnard, P. J.; Wedlock, L. E.; Baker, M. V.; Berners-Price, S.
J.; Joyce, D. A.; Skelton, B. W.; Steer, J. Ahgew. Chem., Int. EQ006
45, 5966. (d) Baker, M. V.; Barnard, P. J.; Berners-Price, S. J.; Brayshaw,
S. K.; Hickey, J. L.; Skelton, B. W.; White, A. HDalton Trans.2006
3708. (e) Wang, J. W.; Li, Q. S.; Xu, F. B.; Song, H. B.; Zhang, ZEdr.

J. Org. Chem2006 1310. (f) Baker, M. V.; Barnard, P. J.; Berners-Price,
S. J,; Brayshaw, S. K.; Hickey, J. L.; Skelton, B. W.; White, A. H.
Organomet. Chen2005 690, 5625 (g) Catalano, V. J.; Moore, A. linorg.
Chem.2005 44,6588 (h) Baker, M. V.; Barnard, P. J.; Brayshaw, S. K;
Hickey, J. L.; Skelton, B. W.; White, A. HDalton Trans.2005 37.
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linked bis(NHC) ligand. New structural motifs of Ag and Au

2500 " clusters containing linear €M—N moieties were obtained.
A - Complexes5 and 6 are luminescent in their solid state. The
2000 ,: ‘\ B ligand precursor is easily prepared, and its coordinating abilities
4 . \
\

may be tuned by varying the N substituents; thus, it would be
useful in the preparation of metal aggregates with novel
structural motifs and physical properties.

Intensity
@
8
1

Experimental Section

]
1000 ! i
J ,' \\ Starting materials were obtained from commercial suppliers and
500 s ) ! \ used without further purification or drying. 3,5-Bis(chloromethyl)-
4 Vo \ pyrazole hydrochloride sdftand Au(SE£)CI? were synthesized
L’ N AN according to the reported methodsl NMR (400 MHz) and!3C
g e . S —=-e NMR spectra (100 MHz) were recorded on a Bruker Avance (400
250 300 350 400 450 500 550 MHz) spectrometer, Elemental analyses were performed on a Flash
Wavelength (nm) EA1112 instrument. UVvis spectra were obtained using a Hewlett-
Figure 3. Solid-state emission (right) and excitation (left) spectra Packard 8453 _d|ode array spectrometer. The_ photolumlnescence
of 5 (solid line) andé (dashed line). study was carried ou_t on p(_)wde_red samples in the solid state at
room temperature using a Hitachi 850 spectrometer. Mass spectral
Table 1. Summary of X-ray Crystallographic Data for data were acquired using a Waters Micromass ZQ mass spectometer
Complexes 5 and 6 (+ mode, ESI source).
5 6 3,5-Bis(chloromethyl)pyrazole (2) Ag.O (5.8 g, 25 mmol) was
added to a suspension b{10.1 g, 50 mmol) in CKCI, (150 mL),
formula Q%‘sss';fAFllez Cz‘s,'\l—'f;éu“':” and the mixturg was stir(red fo? 2 days w%th exclusi(on of Iig)ht at
fw 1269.60 1588.43 room temperature. After filtration and removal of the solvent, a
cryst syst triclinic triclinic pale yellow solid was obtained. The product was recrystallized from
space group P1 P1 acetone and isolated as a colorless crystalline solid. Yield: 7.7 g
alA 8.535(7) 8.526(2) (46.6 mmol, 93.2%)H NMR (400 MHz, CDC}): 6 14.09 (s,
g’ﬁ ﬂg?gg% 1%1‘?2% 1H), 6.49 (s, 1H), 4.68 (s, 4H}3C NMR (100 MHz, CDCY): 6
Bldeg 71.700(12) 71.51(3) N, 16. 98. Found: C, 36.38; H, 3.66; N, 17.00.
yldeg 86.735(12) 86.56(3) 3,5-Bis((N-methylimidazoliumyl)methyl)pyrazole Dichloride
VIA3 1116.6(16) 1104.6(4) (3). A mixture of 3,5-bis(chloromethyl)pyrazole (3.3 g, 20 mmol)
é/ - 1887 12388 and N-methylimidazole (16.4 g, 200 mmol) was stirred at room
cr)?st size/mm 0.5% 0.46x 032  0.10x 0.08 x 0.04 temperature for 36 h. &b (100 mL) was dropped inta the solution
no. of rfins collected 5843 7748 with vigorous stirring. The resulting precipitate was washed with
no. of inded rfinsRint 3889, 0.0265 3779, 0.0466 acetone and ED. The compound was obtained as a pale yellow
goodness of fit o2 1.071 1.045 hygroscopic solid. Yield: 6.0 g, 91.1%H NMR (400 MHz,
R1, wR2 (> 20(1)) 0.0402, 0.1060 0.0723, 0.1834 D,0): 6 8.72 (s, 4H), 7.41 (s, 2H), 7.39 (s, 2H), 6.53 (s, 1H), 5.41
R1, wR2 (aII data) 0.0607, 0.1210 0.0896, 0.1932 (S, 4H), 3.82 (S, 6H)13C NMR (100 MHZ, Qo) ) 1362, 12391

o1 . 123.8, 122.1, 106.1, 44.4, 35.8.
SO ffir’ thus, complex6 represents the first eXamP'e of a 3,5-Bis((N-methylimidazoliumyl)methyl)pyrazole Bis(hexaflu-
multinuclear gold compound supported by a functionalized NHC orophosphate) (4).A solution of 3 (3.3 g, 10 mmol) in water

ligand. _ o _ (10 mL) was dropped into a saturated )Hf aqueous solution
Electronic Spectra and Solid-State EmissionThe electronic (30 mL) with stirring. The resulting precipitate was filtered and
absorption spectrum of shows a notable absorption band  washed with HO, ethanol, and EO. Compound4 was obtained
centered at 225 nm and a shoulder band at 255 nm inas a white solid. Yield: 3.7 g, 67.2%. Anal. Calcd for
acetonitrile, whereas the electronic absorption spectrur@ of CysH:gF1:NgP2: C, 28.48; H, 3.31; N, 15.33. Found: C, 28.59; H,
shows absorption bands at 225 and 260 nm in acetonitrile. The3.29; N, 15.441H NMR (400 MHz, DMSO¢): 13.23 (s, 1H),
low-wavelength bands are comparable to thesz band 9.14 (s, 1H), 9.10 (s, 1H), 7.71 (s, 2H), 7.68 (s, 2H), 6.44 (s, 1H),
absorption at 212 nm for the carbene precursor 5.48 (s, 2H), 5.39 (s, 2H), 3.85 (s, 6HFC NMR (100 MHz,
The ligand precurso4 and its silver and gold clusters are DMSO-dg): 6 136.2, 123.9, 123.8, 122.1, 106.1, 45.9, 42.9, 35.9,
emissive in their solid states. In the emission spectrum, af 35.8.
single broad band at 424 nm was observed when excited at 322 [Ag4(L2)](PFe)2:0.5EO (5). Ag20 (20 mmol, 464 mg) was
nm. The tetranuclear Au complekshows a broad emission ~added to a solution o4 (0.56 mg, 10 mmol) in CECN (30 mL),
band centered at 431 nm upon excitation at 344 nm, while the a_lnd t_he mixture was refluxed_rf@ h with exclusion of light. After
tetranuclear Ag comple® emits at slightly higher energy at filtration through a plug of Celite, the solvent was removed in vacuo
425 nm upon excitation at 330 nm. The emission spectra areand waghed with I—’O’_CHFOH' and EfO. Comple><5we_ls obtained
shown in Figure 3. The similarity between the complexes and as a white powder. Yield: 3.68 g, 67.2%. Crystals suitable for X-ray

the ligand precursor illustrates that the emission should originate f;}?ﬂi‘g%’igﬁggﬁ (t:it(')%n Xvne;le g;?zzinfgyg;ov;dlfguio%o:é@t
from the intraligand processes rather than metal-centered : : 35\0al12T12 0572

C, 26.50; H, 2.78; N, 13.24. Found: C, 26.45; H, 2.74; N, 13.32.
processes.

. . IH NMR (400 MHz, DMSO¢g): 7.63 (s, 2H), 7.43 (s, 2H), 6.25
In summary, we have described the synthesis and character- ( ) ( ) ( )

ization of silver and gold clusters stabilized by the pyrazole- () schenck, T. G.; Downes, J. M.; Milne, C. R. C.; Mackenzie, P. B.;

Boucher, H.; Whelan, J.; Bosnich, Biorg. Chem.1985 24, 2334
(21) Lin, 1. J. B.; Vasam, C. SCan. J. Chem2005 83, 812. (23) Shi, J.; Huang, X.; Wu, D.; Liu, Qnorg. Chem.1996 35, 2742.
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(s, 1H), 5.41 (d2J = 15.6 Hz, 2H), 5.26 (s2J = 15.6 Hz, 2H),
3.79 (s, 6H, CH). 3C NMR (100 MHz, DMSOsl): 6 178.2,175.8,
151.5, 124.2, 122.2, 103.3, 48.5, 39.3.

[Au 4L 5](PF,), (6). A mixture of Au(SE$)CI (129 mg, 0.4 mmol)

and compleXs (126 mg, 0.1 mmol,) in CECN (10 mL) was stirred
for 15 h with exclusion of light at room temperature. The resulting
mixture was filtered through a plug of Celite.,Btwas added to
the clear solution, and comple& was collected as a colorless
powder. Crystals suitable for X-ray single-crystal diffraction were
grown by slow diffusion of BEO into the solution of the complex
in CH3CN. Anal. Calcd for GeHzoAusF1oN1,P: C, 19.61; H, 2.15;
N, 10.56. Found: C, 19.76; H, 2.18; N, 10.48.NMR (400 MHz,
DMSO-dg): 7.70 (s, 2H), 7.52 (s, 2H), 6.67 (s, 1H), 5.41 (s, 4H),
3.79 (s, 6H).13C NMR (100 MHz, DMSO#dg): 6 164.9, 151.0,
1245, 122.2, 105.4, 47.2.

X-ray Diffraction Analysis. Single-crystal X-ray diffraction data

for the complexes were collected at 298(2) K on a Siemens Smart/

CCD area-detector diffractometer with MooKradiation § =
0.710 73 A) by using am—26 scan mode. Unit-cell dimensions

Zhou and Chen

were refined anisotropically. Hydrogen atoms were introduced in
their calculated positions. The oxygen and carbon atoms of the
diethyl ether molecule are disordered over two positions, which
were modeled successfully at 50% occupancy for each atom.
Disordered solvent could not be modeled successfully and was
removed from the reflection data 6fwith SQUEEZE® (solvent
accessible void volume 185.0F)ADetails of the X-ray experiments
and crystal data are summarized in Table 1.
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were obtained with least-squares refinement. Data collection and OM070104J

reduction were performed using the SMART and SAINT softvfare.

All structures were solved by direct methods and refined against

F2 by full-matrix least-squares techniqui#\ll non-hydrogen atoms
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