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Silver, which has a bulk resistivity of 1.58cm is the in dichloromethane. The resulting solution was filtered with
most conductive of all the metals and for this reason igelite pad and the filtrate was evaporated. The crude product
potentially useful for high-speed microelectronics appli-was washed with hexane. Recrystalization from dichloro-
cations. For example, silver films on semiconductor devicemethane/toluene/hexane gave pale yellow crystals of
materials such as Si and gj@re formed by chemical vapor complex2 (975 mg, 2.76 mmol, 85%).
deposition (CVD) of silver(l) carboxylatés/arious silver(l)  *H-NMR (CD.Cl,): 3.70 [s, 6H, N-Eiz], 2.10 [s, 6H, C-
carboxylates are readily synthesized from the reaction o€Hs], 7.38, 8.00 [m, 5H, Ph{3C-NMR (CD:Cly): 176.9 [s,
Ag(NOs) with carboxylic acid. Whitcomb, et al. reported ~ O-C(O)-Ph], 173.0 [s, Gmend, 126.2 [s, CE(CHz)-N],
that the normal coordination sphere of the silver carboxy-136.7, 130.8, 130.3, 128.2 [m, Ph], 36.9 [sCNs], 9.5 [s,
lates comprises an eight-membered ring in which two silvelC=C(CHs)-N], FT-IR (KBr): 1630, 1595, 1553, 1397 ¢hn
atoms are bridged by the carboxylafe$Recently, Brammer, FAB-MS (m/z): 354.9 [M-H]. E.A. for G4Hi70:N-AQ:
et al®? reported that silver carboxylate dimers which areAnal. (Cald); C, 47.88 (47.54); H, 4.81 (4.85).
further coordinated by two neutral ditopic ligands gave the X-ray Structure Determination. Crystal data: AgCis
new building (square, 2D-network) through self-assembly Hi7NO,: M, = 353.17, orthorhombic, space grdeipca a =
of Agx(RCQO).. Meanwhile, N-heterocyclic carbenes are 11.437(5)b=8.149(3)c=31.351(12) Av=2922(2) K, z
two-coordinate carbon compounds that have two nonbond= 8, D = 1.379 g cni¥, F(000) = 1424 u(Mo-Ka) = 1.379
ing electrons and no formal charge on the cafbbhese  mm?, Ry = 0.059,wR, = 0.149 for 2242 reflections jJF>
nucleophilic carbenes, Lewis bases, can be used as ligands2o(F,)].
organometallic chemistd.The carboxylate Ag(l) carbene  The pale yellow single crystal was obtained from dichloro-
complex is one of the candidates for CVD- and spin-on-methane/toluene/hexane at &0 A single crystal suitable
glass (SOM) precursor. This paper describes the synthesier structure determination was selected and mounted on a
and the molecular structure of an Ag(l) complex derivedglass fiber tip. The diffraction data for the single crystal of
from (1,3-dimethyl-4,5-dimethylimidazol-2-ylidene) Ag(l), this compound were collected at 298 K with a Bruker

complexl, with a benzoate. SMART CCD area detector diffractometer with graphite-
monochromated Mo-K radiation § = 0.71073 A) usingo
Experimental Section scans with a scan width of 0.3° and a scan time of 5 sec per

frame. Cell parameters were determined and refined using

All the manipulations of air-sensitive compounds wereSMART software, raw frame data were integrated using
performed under Natmosphere, using the standard SchlenkSAINT program$, Empirical absorption correction was
technique. Solvents were distilled from Na-benzophenone oapplied with the program SADABS. The data were
CaH,. Elemental analysis was carried out by KRICT. FAB- corrected foiLp effects, but no correction for crystal decay
MS was carried out by KBSI. 1,3-dimethyl-4,5-dimethyl- was applied. The structure of the compound was solved and
imidazol-2-ylidene ligant#® and benzoate-silver compfex refined with SHELXS-97° Non-hydrogen atoms were
were prepared according to the literature method. refined by full-matrix least-square techniques with aniso-

Synthesis of complex 2To a Schlenk flask containing tropic displacement parameters. All hydrogen atoms were
phenylacetonate-silver compléx(819 mg, 3.5 mmol) was refined with isotropic displacement parameters. Crystallo-
added toluene 50 mL and 1,3-dimethyl-4,5-dimethyl-graphic data for the structure reported here have been
imidazol-2-ylidene (404 mg, 3.25 mmol) in that order at deposited with the Cambridge Crystallographic Data Centre
room temperature. The reaction insoluble of comfpleith (Deposition Nos. CCDC-185703). This data can be obtained
1,3-dimethyl-4,5-dimethylimidazol-2-ylidene gave soluble free atwww.ccdc.cam.ac.uk/conts/retriving.html
desired product. After stirring for 1 hr, the reaction mixture
was evaporated under vacuum and the residue was dissolved Results and Discussion
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smoothly with benzoate-silver compléxat room temper- Table 2 Selected Bond lengths [A] and angles [deg] for complex

ature in toulene to afford the corresponding comidea

pale yellow, air-stable solid, in good yield (Scheme 1).
The reaction is easily confirmed by thé-NMR complex

2, which shows shifted-methyl peaks (C&E{3)) in

rations®®° Where the acetate is monodendate the diver-

gence 0fvasym(CO2) andvsym(COy), compared with the free C(9)-Ag(1)-O(1)

O(1)-Ag(1)-Ag(1)#1
O(2)-C(7)-0(1)
O(1)-C(7)-C(1)
C(9)-N(8)-C(14)
N(8)-C(9)-N(10)

ST . N(10)-C(9)-Ag(1)
indicative of monodendate acetate groups, The f°"°W'n90(9)-N(10)-C(13)

(ljiscussion on the structure should holq tr_ue_ for comZxIex C(12)-C(11)-N(10)
H-NMR spectrum of methyl peaks in imidazolylidene- N(10)-C(11)-C(16)

ion, is 170 citup, and its divergence in bidendate complex
is 120-150 cnt. A divergence 0¥asym(CO;) and vsym(COy)

is expected due to a loss of equivalence of the C-O F8nds
A stretching band of the/(CQ,;) group of complex2
appeared at 1595 (asymetric) and 1397 (symmetric}.cm
The large IRA (Vasym(COs)-Vsym(COy), 198 cm?) values are

moiety in complexX2 appeared al 3.70, 2.10.

Ag(1)-C(9)
Ag(1)-Ag(1)#1
0(2)-C(7)

o . . ) N(8)-C(12)
imidazolylidene ligand. The solid state structures of theC(9)-N(10)

complexes have been deduced from IR spectral informatiorh(lo)_c(m)
with the most valuable data being the carbon-oxygen vib—C(ll)_C(le)

C(11)-C(12)-C(15)

2.064(6)
3.2177(13)
1.228(8)
1.382(7)
1.347(7)
1.467(8)
1.487(9)

165.2(2)
115.41(15)
124.9(6)
114.5(6)
124.9(6)
104.9(5)
130.2(4)
124.6(6)
106.2(5)
122.0(6)
130.7(7)

Ag(1)-0(2)
O(1)-C(7)
N(8)-C(9)
N(8)-C(14)
N(10)-C(11)
C(11)-C(12)
C(12)-C(15)

C(9)-Ag(1)-Ag(L)#1
C(7)-O(1)-Ag(2)
0(2)-C(7)-C(1)
C(9)-N(8)-C(12)
C(12)-N(8)-C(14)
N(8)-C(9)-Ag(1)
C(9)-N(10)-C(11)
C(11)-N(10)-C(13)
C(12)-C(11)-C(16)
C(11)-C(12)-N(8)
N(8)-C(12)-C(15)

2.115(5)
1.273(9)
1.339(7)
1.447(8)
1.384(7)
1.340(9)
1.491(9)

69.99(15)
111.4(5)
120.6(6)
110.9(5)
124.2(5)
124.9(4)
111.0(5)
124.3(5)
131.7(6)
106.9(5)
122.4(7)

In the 3C-NMR, the C(2) carbon of the carbene ring

shifted substantially upfield bya 39.7 ppm in comple® Symmetry transformations used to generate equivalent atoms: #1 -x+2,
’ ’ -y, -z+1.

— / This upfield shift is consistent with that reported for aryl-
0 N 0 ) . )
> on [ ot Age >ph substituted carbene silver complex, compBi with the

Ad~—¢ Toulene, RT N 0 magnitude being almost the same £541.1 for complex3
1 \ 2 relative to free aryl-substituted carb&heThe*C resonance
Scheme 1 in 2 for C(4,5) shifted downfield by 3.65 ppm relative to the

free carbene, similar to the behavior com@ex

Table 1. Crystal data and structure refinement for complex

Empirical formula GaHi7 Ag N2 O,

Formula weight 353.17

Temperature 293(2) K

Wavelength 0.71073 A

Crystal system, space group Orthorhombic, Pbca

Unit cell dimensions a=11.437(5) A
b =8.149(3) A
c=31.351(12) A

Volume 2922(2) A

Z, Calculated density 8, 1.606 g/m

Absorption coefficient 1.379 mith

F(000) 1424

Theta range for data collection 1.30 to 27.99 deg.

Limiting indices -10< h< 14, -9< k < 10,
40< 1< 35

Reflections collected/unique 17157/3361 [R(int) = 0.0544]

Completeness to theta = 27.99 95.3%

Absorption correction None

Refinement method Fulll-matrix least-squares n F

Data/restraints/parameters 3361/0/230

Goodness-of-fit on 1.105

Final R indices [I > 2(1)] R1 =0.059, wR2 = 0.149

R indices (all data) R1=0.097, wR2 =0.181

Extinction coefficient 0.0096(8)

Largest diff. peak and hole 2.278 and -1.027%.A

A single crystal suitable for X-ray diffraction studies was
grown by cooling at -30 °C in a dichroromethane/toluene/
hexane solution of compleX The molecular structure @f
with its atomic numbering scheme is shown in Figure 1.
Details on crystal data and intensity are given in Table 1. The
selected bond distances and bond angles are shown in Table
2. The acetate chelate ring is asymmetrical. The Ag(1)-O(1)
bond distance, 2. 115(5) A, is slightly shorter than the
typical 2.20-2.54 A found in common [A®O.CR)]
carboxylate dimef&*¢and [(L)Ag(u-O.CR), L: Lewis base]
carboxylate monomer8; The other Ag(1)-O(2) distance in
the chelate ring is a long 2.911(5) A because the oxygen,
0O(2), is not bridged to the silver atom. The crystal packing
structure observed in compl@shows that the monomeric
units are arranged one above the other, and the distance
between the two silver metals, AgilAg#1l, which is

Figure 1. ORTEPdrawing of2 showing the atom-labeling sche
and 30% probability thermal ellipsoids. The hydrogen ator
omitted for clarity.
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3.2177(13) A, is similar to the 3.122(1) found in the  Rath, N. PChem. Comn2001 2486. _
terminally bound [Ag(O.CCHs)4(PPh)4 complex. This 4. (a) Arduengo lll, A. J.; Harlow, R. L.; Kline, M. Am. Chem.

. : e : : Soc 1991, 113 361. (b) Arduengo IIl, A. LJSP 5,077,4141991.
distance is too long for significant interaction to occur (c) Arduengo Ill, A J.: Dias, H. V. R Harlow, R. L. Kline, Bl

between the metals. ~_ Am.Chem. S0d992 114 5530. (d) Arduengo Ill, A. J.; Dias, H.
The Ag-carbene bond length was 2.064 (6) A which is v.R.: Dixon, D. A.; Harlow, R. L.: Klooster, W. T. Koetzle, T. F.

almost the same bond lengths of biscarbene silver cothplex ~ J. Am. Chem. Cheml994 116, 6812. (e) Arduengo Ill, A. J.;
2.067(4), 2.078(4) A. The bond lengths of C(9)-N(8), C(9)- ffnggch,f J-AF;-: Marsf:ﬁt",AW-J J--DAm_a Chenr;- -58(1-99?4 1%/7, o
N(lO),. WhICh were 1.339(7) and 1.347(7) A’ reSp?thely’ Goerli(.:h(, )J. I;.??(r;]g;snis’, D..; l\./’lasﬁ;:l,s\?vr?’\].;.,Praall!;sha., 'D K.”
are within the expected range and comparable with those am chem. Sod997 119 12742. () Arduengo Ill, A. J.; David-
found in imidazol-2-ylidene ligands (1.34-1.37 A)The son, F.; Krafczyk, R.; Marshall, W. J.; Tamm, @rganometal-
bond length of C(11)-C(12) of 1.340(9) A is a carbon-carbon  lics 1998 17, 3375. (h) Arduengo lll, A. J.; Krafczyk, R;
double bond. The FAB-MS spectrum of the product mixture ~ Schmutzler, RTetrahedronl999 55, 14523. (i) Arduengo IlI, A.

. . . L+ J.Acco. Chem. Re4999 32(11), 913.
is dominated by the compléon, [M-H]", at m/z 354.9. 5. (a) Arduengo Ill, A. J.; Rasika, H. V.; Davidson, F.; Harlow, R. L.

) ) J. Organomet. Chemi993 462, 13. (b) Herrmann, W. A.; Runte,
Supplementary Material. Tables of full bond distances 0.; Artus, G.J. Organomet. Chemi995 510, C1. (c) Herrmann,
and bond angles, atomic coordinates and equivalent isotropic W. A.; Goossen, L. J.; Kécher, C.; Artus, G Adgew. Chem. Int.
displacement parameters, anisotropic displacement para- Ed- Engl 1996 3523/24), 2805. (d) Enders, D.; Gielen, H.;

: : Raabe, G.; Runsink, J.; Teles, J.Ghem. Ber1996 129, 1483.
meters, and torsion angles are available from the author. (e) Herrmann, W. A.- Lobmaier, G. .- Elison, M.Organometa.

. Chem 1996 520 231. Kocher, C.; Herrmann, W. Al
Acknowledgment The author would like to thanks Prof. Organome&_ cqhem199(7f,) 532 261. (g) Herrmann, W. A

Y. K. Do, Department of Chemistry at Korea Advanced  Schwarz, J.; Gardiner, M. G.; Spiegler, MOrganometal. Chem
Institute of Science and Technology (KAIST), for his 1999 575 80. (h) Baratta, W.; Herrmann, W. A.; Rigo, P.;

assistance with the X-ray crystallography analysis. Schwarz, J.J. Organometal. Chem200Q 593/594 489. (i)
Hasan, M.; Kozhevnikov, I. V.; Siddiqui, M. R. H.; Steiner, A,;

Winterton, N.J. Chem. Re200Q 392. (j) Xu, L.; Chen, W.;
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