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Reaction of 1,3-bis(2-pyridinylmethyl)-1H-imidazolium tetrafluoroborate, [H(pyCH,),im]BF,, with silver oxide in
dichloromethane readily yields [Ag((pyCH.)2im),]BF4, 1-BF4. 1-BF, is converted to the analogous Au(l)-containing
species, [Au((pyCH.).im),]BF4, 3, by a simple carbene transfer reaction in dichloromethane. Further treatment with
two equivalents of AgBF, produces the trimetallic species [AUAg,((pyCHz)2im)2(NCCHs),](BF4)s, 4, which contains
two silver ions each coordinated to the pyridine moieties on one carbene ligand and to an acetonitrile molecule in
a T-shaped fashion. Monometallic [Ag((py)2im)2]BF4, 5, and [Au((py).im).]BF4, 6, are made analogously to 1:BF,
and 3 starting from 1,3-bis(2-pyridyl)-imidazol-2-ylidene tetrafluoroborate, [H(py).im]BF,. Addition of excess AgBF,
to 6 yields the helical mixed-metal polymer, { [AUAg((pY)2im)2(NCCHs)](BF4)2} », 7 which contains an extended Au(l)—
Ag(l) chain with short metal-metal separations of 2.8359(4) and 2.9042(4) A. Colorless, monometallic [Hg((pyCH,):-
im)](BF4),, 8, is easily produced by refluxing [H(pyCH,).im)|BF, with Hg(OAc), in acetonitrile. The related quinolyl-
substituted imidazole, [H(quinCH,),im]PFs, is produced analogously to [H(pyCHa,).im]BF. [Hg((quinCHa)2im)](PFe)a,
9, is isolated in good yield as a white solid from the reaction of Hg(OAc), and [H(quinCH,),im]PFes. The reaction
of [H(quinCH,),im]PFs with excess Ag,O produces the triangulo-cluster [Ags((quinCHy).im)s](PFg)s, 11. All of these
complexes were studied by *H NMR spectroscopy, and complexes 3—9 were additionally characterized by X-ray
crystallography. These complexes are photoluminescent in the solid state and in solution with spectra that closely
resemble those of the ligand precursor.

Introduction state or those induced by the incorporation of bridging
ligands? In the former, aggregation in the solid state produces
several structural motifs including the periodic distribution
of discrete dimer§ extended zigzag arraysf Au(l) centers
with short metat-metal separations, and three-dimensional
networks of metal centers. A common feature to all of these
solid-state systems is that the AAu interactions are usually

* Author to whom correspondence should be addressed. E-mail: vic@ [0St upon dissolution. To counter this, a huge variety of

unr.edu. bidentate or multidentate ligands, usually phosphinas
(1) (a) Fernadez, E. J.; Lpez-de-Luzuriaga, J. M.; Monge, M.; Olmos,
M. E.; Peez, J.; Laguna, A.; Mohamed, A. A.; Fackler, J. P.,20r.

Nonbonding interactions between closed-shell métals,
particularly d°d,!° often produce materials with interesting
luminescent properti€sAmong the most studied are the
aurophilic Au(l)-Au(l)® interactions resulting from aggrega-
tion of linear, two-coordinate gold monomers in the solid
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employed to maintain the metaietal interaction in solu-

tion, and the resulting complexes remain photoluminescent

in solution.
Investigations into mixed-metal interactidi$ are also
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becoming more popular, and many examples of complexesscheme 3

containing short argento-aurophifté? contacts have been

reported recently. In many of these systems the resulting Py_NG)N —py
mixed-metal separation is shorter than the corresponding
distance in the homometallic analogues. The shortened

separation and increased stability is attributed to the intro-
duction of a dipolar interaction between the dissimilar metals
augmenting the dispersion foréébkelieved to be the primary
attractive force maintaining these assemblies.

Like phosphines, N-heterocyclic carbene (NHC) ligands

are excellent ligands for late transition metals and have

metal-ligand bond strengths and sigma donor properties

rivaling most phosphine’s. Their ease of preparation and
functionalizatio* makes these ligands ideally suited for
stabilizing multimetallic architectures. Notably, Herrmann
and co-worker’® have extensively developed the transition
metal chemistry of NHC ligands particularly in the area of
developing C-C coupling catalysts.

Earlier we reported the application of the 2-picolyl
substituted NHC ligand toward maintaining Agti\g(l)
interactions'® The simple reaction (Scheme 1) of the NHC
precursor, 1,3-bis(2-pyridinylmethyl)-1H-imidazolium tet-
rafluoroborate, [H(pyCh.im]BF, with silver oxide in ac-
etonitrile produces the unusual triangulo-Agluster,
[Ags((pyCH)2im)s](BF4)s, 2, containing unusually short
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metal systems and explored similar chemistry with the
closely related pyridyl-substituted NHCs.

Results

Deprotonation of the known imidazolium salt, [H(py&H
im]BF4," with Ag,O in CH,Cl, readily produces the color-
less, homoleptic [Ag((pyCh)2im)2]BF, complex,1-BF,, in
high yield and high purity. According to Scheme 2, complex

(2.72 to 2.78 A) Ag-Ag separations spanned by bridging 1.BF, is converted to the analogous Au(l)-containing species,
carbene ligands. This robust species is intensely photolumi-[au((pyCH,),im),]BF,, 3, by a simple carbene transfer
nescent. We have now extended this chemistry to mixed reaction in CHCI,. Further treatment with two equivalents
of AgBF, produces the trimetallic species [AugpyCH.)2-
im)2(NCCHg),](BF4)3, 4, which contains two silver ions each
coordinated to the pyridine moieties on one carbene ligand
and to an acetonitrile molecule in a T-shaped fashion (vide
infra). There is no evidence of polymer formation in this
reaction.

As shown in Scheme 3, the absence of the methylene
spacer in the carbene ligand reduces the flexibility of the

(9) Bardajj M.; Laguna, A.Eur. J. Inorg. Chem2003 3069.

(10) Catalano, V. J.; Bennett, B. L.; Malwitz, M. A, Yson, R. L.; Kar, H.
M.; Muratidis, S.; Horner, S. Lommentlnorg. Chem2003 24, 39.

(11) Catalano, V. J.; Horner, S. lhorg. Chem 2003 42, 8430.

(12) Mendizabal, F.; PyyKkdP.; RunebergChem. Phys. LetR003 370,
733. (b) Runeberg, N.; S¢tay M.; Werner, H.-JJ. Chem. Phys1999
110 7210.

(13) Lee, M.-T.; Hu, C.-HOrganometallic2004 23, 976.

(14) Bourissou, D.; Guerret, O.; Gabbé&. P.; Bertrand, GChem. Re.
2000 100, 39.

(15) (a) Herrmann, W. A.; Weskamp, T.;'Bm, V. P. W.Adv. Organomet.
Chem.2001, 48, 1. (b) Weskamp, T.; Bom, V. P. W.; Herrmann, W.
A. J. Organomet. Chen200Q 600, 12. (c) Herrmann, W. A.; Kcher,
C. Angew. Chem., Int. Ed. Engl997, 36, 2162.

(16) Catalano, V. J.; Malwitz, M. Alnorg. Chem.2003 42, 5483.

(17) Magill, A. M.; McGuinness, D. S.; Cavell, K. J.; Britovsek, G. J. P,;
Gibson, V. C.; White, A. J. P.; Williams, D. J.; White, A. H.; Skelton,
B. W. J. Organomet. Chen2001, 617—618 546.
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proposed formulation. In CfZN [Au((pyCH,).im)2]BF4, 3,
shows six proton resonances with the diagnostic methylene
and imidazolium backbone resonances appearing as singlets
at 5.41 and 7.30 ppm, respectively. Upon coordination of
two Ag(l) ions to form [AUAG((pyCH.)2im)2(NCCHs),]-
(BFy)3, 4, these resonances shift downfield to 5.62 and 7.55
ppm, respectively, along with a similar shift for the pyridine
resonances (see Experimental Section). The coordinated
acetonitrile molecules, evident from the X-ray crystal-
lography (vide infra), are not observed and are likely
exchanging with the solvent. THel NMR spectrum of the
mercury complex, [Hg((pyCh2im).J(BF4)2, 8, is very
similar to those ofl. and3. The methylene resonance8ns
observed at 5.49 ppm, and the imidazolium-backbone proton
resonance appears at 7.67 ppm. Additionally, this resonance
is flanked by'%*Hg satellites with &Jy_nq Of 28 Hz. Similar
proton couplings td%’Ag or %°Ag were noticeably absent
for all of the silver containing species.

For the [H(py}m]BF, system the changes in coordination
produce much more subtle changes in chemical shift. The
carbene precursor, [H(pyn]BF,4, displays four resonances
in the aromatic region assigned to the pyridine ring and two
singlets in a 2:1 ratio associated with the imidazolium protons
at 10.08 and 8.33 ppm. The downfield resonance disappears
upon treatment with AgD to produce [Ag((pydim);]BF4,

5, and the remaining imidazolium resonance shifts to 8.19
pyridine group which in turn, influences the multimetallic ppm. Conversion to the Au(l) specis shifts this resonance
coordination chemistry. Starting from 1,3-bis(2-pyridyl)- upfield to 7.92 ppm with only minor changes in the pyridine
imidazol-2-ylidene tetrafluoroborate, [H(pyn]BF4, the resonances.
monometallic [Ag((py)im)2]BF4, 5, and [Au((py}im)2]BF., At room temperature the solution state spectrum £CD
6, are made analogously tdrBF, and 3, respectively.  CN) of 7 is nearly identical to that of with only one
Addition of excess AgBFrto 6 does not yield the anticipated  pyridine environment observed indicating that this mixed-
trimetallic species. Rather, the helical mixed-metal polymer, metal coordination polymer readily dissociates silver ion in
{[AUAG((pY)2im)o(NCCHy)](BF4)2}n, 7, is isolated. The  solution at room temperature. This process may be facilitated
formation of 7 is independent of reaction conditions and by the presence of a good donor like acetonitrile acting both
stoichiometry. The same product is obtained whether one toas a solvent and as a coordinated ligand making the three
four equivalents of AgBrare added t6 at room temperature  coordinate Ag(l) center labile. A variable temperature NMR
or while refluxing in acetonitrile. experiment was conducted in acetone because the relatively

The Hg(ll) chemistry of [H(pyCH).im)]BF4 is simple. high freezing point of acetonitrile limited its use as a solvent.
Colorless [Hg((pyCH).im)2](BF4), 8, is easily produced by At —30 °C the material begins to precipitate from solution
refluxing [H(pyCH,).im)]BF, with Hg(OAc), in acetonitrile. without any changes in the NMR spectrum. A50 °C the
Addition of AgBF, to this material does not produce the resonances begin to broaden, but the inhomogeneity of the
anticipated trimetallic species, and only the respective startingsample and low signal-to-noise limit any useful interpretation
materials are recovered. Likewise, the closely related quinolyl- of the spectrum.
substituted imidazole, [H(quinGiim]PFs or [H(QuinCH),- TheH NMR spectra (CRCN) of the quinolyl-substituted
im]BF4, produced analogously to [H(pyGHImM]BF,, ex- imidazole species are very similar to their pyridine analogues.
hibits reactivity similar to the pyridine analogue. The The carbene precursor, [H(quin@pm]PFs, shows nine
monometallic [Hg((quinCk)2im),](PFe)2, 9, is isolated in independent resonances with the methylene resonance ap-
good yield as a white solid from the reaction of mercuric pearing at 5.71 ppm and the two imidazolium resonances at
acetate and [H(quinChbim]PFs. The Ag(l) chemistry  7.60 and 8.97 ppm in a 2:1 ratio, respectively. Addition of
directly mirrors the chemistry reported in Scheme 1 with Hg(OAc), to form 9 eliminates the downfield resonance and
the reaction of [H(quinCh).,im]BF4; with excess AgO shifts the methylene resonance to 5.75 ppm and the remaining
producing the triangulo-cluster [AquinCH).im)s] (BF4)s, imidazolium-backbone proton resonance to 7.98 ppm. Like
11, which can also be made by treating the monometallic 8 199Hg satellites are observed thwith a similar coupling
species, [Ag((quinCh)zim)2](BF,), 10, with two equivalents  of 28 Hz. The analogous resonances in compolLddre
of AgBF.. shifted slightly upfield at 5.43 and 7.32 ppm, respectively.

The aforementioned complexes were studiedHbiNMR For the trinuclear speciedll, the methylene resonance
spectroscopy, and their spectra are consistent with theirappears as an AB quartet centered at 4.76 ppm, while the
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Table 1. Crystallographic Data for Complex&s-7

3 4-2CHsCN 5 6-2H,0 7-CH3CN
formula GoH28AUBF4Ng CsgHa0Ag2AUB3F12N12 Ca6H20AgBF4Ng Ca6H24AUBF4NgO; CsoH26AgAUB2FgN10
fw 784.38 1337.94 639.18 764.31 1005.06
crystal system monoclinic monoclinic monoclinic monoclinic hexagonal
space group C2lc P2(1)/n C2/c P2(1)/c P6(5)

a, A 11.9634(7) 16.253(2) 33.390(4) 14.6707(7) 13.1850(3)
b, A 12.3560(10) 15.313(2) 7.7862(9) 13.6380(7) 13.1850(3)
c, A 20.980(2) 19.189(2) 22.606(3) 14.9697(7) 32.5591(12)
o, deg 90 90 90 90 90

p, deg 102.95(2) 92.142(9) 112.408(10) 118.811(1) 90

y, deg 90 90 90 90 120

Vv, A3 3023.8(4) 4772.4(10) 5433.4(12) 2624.4(2) 4901.9(2)
z 4 4 8 4 6

temp, K 298(2) 298(2) 100(2) 100(2) 100(2)

Ry, WRa (1> 20(1)) 0.0363, 0.0676 0.0685,0.1173 0.0596, 0.1814 0.0275, 0.0696 0.0248, 0.0503

Table 2. Crystallographic Data for Complex@&sand9 Table 3. Selected Bond Distances (A) and Angles (deg)Jor

8-2CqHs 9-CeHe'CH3CN Au(1)—C(1) 2.021(7) Au(1¥ C(1)—-N(1) 126.7(5)
GREF.  GHraNe COND 1 Adn e 2rso
crystal system e monociinic NI-C) 1389 CIHND-CE 11100
S pya s gr{)u o o Py N(2)-C(3) 1.381(9) N(1FC(2)-C(3) 106.6(7)
a A 11.224(7) 13.489(3) C(2)-C(3) 1.342(10) N(2}C(3)-C(2) 106.6(7)
Sé iéggg% iggg;g Table 4. Selected Bond Distances (A) and Angles (deg)4or
@, deg 88.07(2) 90 Au(1)—Ag(1) 3.2197(17)  C(1rAu(1)-C(16) 175.2(7)
B, deg 82.92(3) 116.552(8) Au(1)-Ag(2) 3.2819(17)  Ag(1rAu(1)-Ag(2) 63.69(4)
7, deg 68.24(4) 90 Ag(1)-Ag(2) 3.431(2) N(3)-Ag(1)—N(4) 167.7(5)
v, A3 2183.8(14) 5208.4(17) Au(1)-Au(1A)  3.3262(13)  N(3}Ag(1)-N(9) 89.6(5)
z 2 4 Au(1)-C(1) 1.988(16)  N(4rAg(1)—N(9) 91.5(5)
temp, K 298(2) 90(2) Au(1)—C(16) 1.998(16)  N(PAg(2)—N(8) 161.9(5)
Ry, WRz (1>20(1)) 0.0439, 0.0942 0.0270, 0.0568 Ag(1)—-N(3) 2.253(14) N(7Ag(2)—N(10) 98.7(5)
Ag(1)—-N(4) 2.238(13)  N(8-Ag(2)—N(10) 96.6(5)
Ag(1)-N(9) 2.592(18)  Ag(1}Au(l)-Au(1A)  148.93(4)
Ag(2)-N(7) 2.234(13)  Ag(2FAu(1)-Au(1A)  144.40(5)
Ag(2)—N(8) 2.266(14)  Au(1}Ag(1)—N(9) 172.2(4)
Ag(2)—N(10) 2.590(18)  Au(1}Ag(2)—N(10) 110.3(4)
Au(1)-Au(1A)  3.3262(13)

observed, and the shortest intermoleculaf-Au separation
is very long at 8.599 A. The remaining metrical parameters
are unremarkable and listed in Table 3.

The incorporation of two Ag(l) atoms into [Au((pyGh3-
|m)2]BF4 to form [AUAgz((pyCH2)2|ﬂ'1)2-(NCC|‘|3)2](BF4)3, 4,
profoundly changes the solid-state structure. Selected bond
distances and angles are presented in Table 4. As shown in
Figure 2 the pyridine rings of each carbene ligand are splayed
back such that they are nearly orthogonal to the imidazole
ring and coordinated to a Ag(l) ion in a trans fashion. Each
Ag(l) is further coordinated to an acetonitrile molecule giving
the metal center an overall T-shaped geometry with N(3)
Ag(1)—N(9), N(4)-Ag(1)—N(9), and N(3)-Ag(1)—N(4)
angles of 89.6(5), 91.5(5), and 167.7(®espectively, and
Compounds3—9 were additionally characterized by ?IZ()?NgQ;(i\)ng’I\Ie(slog% Slé?;z:)‘g(gé_6’215(’)102”3”262'_(;2,;‘86
single-crystal X-ray diffraction. Crystallographic data are coordinated acetonitrile moiecules a,re held weakly to the
presented in Tables 1 and 2. As shown in Figure 1 compoundAg atoms with long Ag(13-N(9) and Ag(2)-N(10) distances
3 crystallizes in the monoclinic space gro@g/c, with only of 2.592(18) and 2.590(18) A each. The Ag centers also
one-half of the cation and tetrafluoroborate anion residing weakly interact with the Au(l) center with Ag(HAu(L) and
in the asymrr?et.nc umt. The remalr)der is related by a Ag(2)—Au(1) separations of 3.220(2) and 3.282(2) A and
crystallographic inversion center making the C{Bu(1)— with each other with a Ag(HAg(2) distance of 3.431(1)

C(1A) angle rigorously linear (18pand the two imidazole & The Au(1) remains linearly coordinated to two NHC
rings coplanar. The Au(HC(1) distance of 2.021(7) A is

typical for NHC ligands where metaligand back-bonding
is not observed®'® No short, aurophilic interactions are

Figure 1. X-ray structural drawing (40%) of the cationic portion &f
with hydrogen atoms removed for clarity. Only the crystallographically
unique portion is labeled.

remaining imidazolium peak moves to 7.48 ppm overlapping
an aromatic resonance from the quinolyl group.

(18) Green, J. C.; Scurr, R. G.; Arnold, P. L.; Cloke, F. G.Ghem.
Commun.1997 1963.
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Figure 3. Thermal ellipsoid plot (50%) of cationic portion & with
hydrogen atoms removed for clarity.

Figure 2. Crystal drawing of cationic portion (top) ef with hydrogen ) o o .
atoms removed for clarity. These complexes are held together through aFigure 4. Thermal ellipsoid plot (50%) of cationic portion 6f
weak intermolecular aurophilic attraction of 3.326(1) A (bottom). The carbon )

atoms are represented by open circles, and the nitrogen atoms are depictedable 5. Selected Bond Distances (A) and Angles (deg)For

with a crosshatch pattern. Ag(1)-C(1) 2117(5)  C(¥Ag()-C(14)  176.8(2)

Ag(1)—C(14) 2.106(6) N(1C(1)—-N(2) 103.6(5)
ligands with Au(1)-C(1) and Au(1)-C(16) separations of g(i)*“(%) 1-323(3) E(3IC((:11W“(411) igi'g(?
1.988(16) and 1.998(16) A, respectively, and a E@A- Cglzl)_,fl()s) 1.361285 ASE&CB_N&; 121.3%4%
(1)—C(16) angle of 175.2(7) Further, the exposed face of  c(14)-N(4) 1.360(8) Ag(1)-C(14)-N(3) 134.0(4)
this Au center associates with another cationic complex Ag(1)—C(14)-N(4) 122.4(4)

through a weak aurophilic interaction with a AtAu

. Table 6. Selected Bond Distances (&) and Angles (deg)@or
separation of 3.326(1) A. A gles (deg)

. Au(1)-C(1 2.014(4 C(LyAu(1)—C(14 173.78(14

As expected the crystal structures of [Ag((#5))2]BFa, Auﬁlg—cﬁlﬁ) 2.022((4)) N((17;C(£)1N(2() ) 111.6(3() )
5, and [Au((py}im).]BF,, 6, are very similar. As shown in C(1)-N(1) 1.363(5) N(5)-C(14)-N(6) 104.1(3)

- ; C(1)-N(2 1.367(5 Au(1y-C(1)-N(1 124.1(3
Figures 3 and 4 and tabulated in Tables 5 and 6, each metal Cglzl)_,fl(é) 1.3458 AUE&CEI;_NEZ; 131.553;
is nearly linearly coordinated to two carbene ligands with  c(14)-n(e) 1.364(5) Au(1C(14)-N(5) 125.3(3)
C(1)-Ag(1)—C(14) and C(1yAu(1)—C(14) angles of 176.8- Au(1)—-C(14)-N(6) 130.6(3)

(2) and 173.8(T) respectively. In5 the Ag(1)-C(1) and , ,

Ag(1)—C(14) separations measure 2.117(5) and 2.106(6) A, the covalent radius of Au(j. Neither complex shows
respectively, while iré the corresponding Au(HC(1) and extended mterr_nolecul_ar mefahetal mte_raguons. B the
Au(1)—C(14) separations are slightly shorter at 2.014(4) and closest A_g--Ag mFeraonn is 7.786 A, while i the shortest.
2.022(4) A, respectively, exemplifying the smaller size of AU**"Au interaction is much shorter at 4.101 A but still
Au versus Ag. The notion that the third row metal is smaller COnsidered noninteracting.

than ?ts Second_ rowlcounterpart Was first put forth _by (19) Tripathi, U. M.; Bauer, A.; Schmidbaur, H. Chem. Soc., Dalton
Schmidbaur and is attributed to relativistic effects contracting Trans 1997, 2865.
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Figure 5. X-ray structural drawing depicting the cationic portion df
with thermal ellipsoids drawn at 50% level. Only the asymmetric unit is
shown. The remainder of the polymer is symmetry generated along the
6-fold screw axis. The remaining imidazole ring is formed by symmetry
combinations of N(5)rC(14)-N(6)—C(16)-C(15). Hydrogen atoms re-
moved for clarity.

Table 7. Selected Bond Distances (A) and Angles (deg)For
Au(1)—Ag(1) 2.8359(4) Ag(1yAu(l)—Ag(1A) 171.80(1)

Au(1)-Ag(1A)  2.9042(4)  Au(L}Ag(1)—Au(1B) 166.18(1) d
Au(1)—-C(1) 2.001(4)  C(1yAu(1)-C(14) 176.26(16) ) ) )
Au(1)-C(14) 2.014(4)  N(4YAg(1)—-N(8) 102.02(11) Figure 6. Crystal structure drawing showing the extended structure of
Ag(1)—-N(4) 2.389(4) N(4)%-Ag(1)—N(9) 117.68(14) one hand of (right). The metal atoms can be identified by their coordination
Ag(1)-N(8) 2.323(4)  N(8Y-Ag(1)—-N(9) 138.85(13) number with each Ag atom adopting a three-coordinate geometry and each
Ag(1)-N(9) 2.225(4)  C(1}Au(l)-Ag(l) 79.49(12) gold adopting a linear, two-coordinate mode. Carbon atoms are drawn as
C(1)-N(1) 1.359(5)  C(14rAu(l)-Ag(l) 99.87(11) open circles, nitrogen atoms have a diagonal line pattern, and hydrogen
C(1)-N(2) 1.365(5) N(4¥-Ag(1)—Au(l) 75.17(9) atoms removed for clarity. The extended, helical metal core with alternating
C(14)-N(5) 1.354(5) N(8)»-Ag(1)—Au(1) 99.24(9) Au—Ag separations of 2.8359(4) and 2.9042(4) A is shown left.
C(14-N(6A)  1.361(5)  N(9¢-Ag(1)—Au(l) 100.87(10)
C(1)-N(2)—C(9) 124.2(3) ) o
N(2)—C(9)—N(4) 115.8(4) A. The gold-carbene distances are similar to those observed
2(9)1—Né4)1—A3(%) gg-g(g) in 6 with Au(1)—C(1) and Au(1)-C(14) measuring 2.001-
Cl(Jl()ZAuglg-Ag((l))—N@) 64'3é()15) (4) and 2.014(1) A, respectively. Unliké the acetonitrile
C(1)-N(2)-C(9)-N(4) 49.1(6) molecule is strongly bound with the Ag@N(9) bond

distance of 2.225(4) A, and this separation is shorter than

Like 3 and 4 the addition of AgBE to 6 dramatically the remaining pyridine distances of 2.389(4) and 2.323(4)
changes the structure, and the extended, heterometallicA for Ag(1)—N(4) and Ag(1)-N(8), respectively. The longer
coordination polymer [AuUAg((py)2im)2(NCCHg)]-(BF4)2} n, pyridine distances likely reflect the strain imposed by the
7, is isolated as long colorless needles. As shown in Figurerigid carbene backbone which prevents a closer approach of
5 this material crystallizes in a helical fashion, and crystal the pyridine groups. The sum of the angles around the Ag-
structures were serendipitously obtained on both enantiomerg1) atom at 358.55nearly equals the 360angle required
which crystallize in one of the chiral space groups, P6(1) or for planarity. The Ag(1)-Au(1)—Ag(1A) and Au(1)>-Ag-
P6(5). Aside from the change in helicity these two species (1)—Au(1A) angles alternate 171.804(12) and 166.176(13)
are identical in every respect, and only one structure warrantsgiving the extended chain a slight bend at each Ag atom as
discussion. Selected bond distances and angles are presentednphasized in Figure 6.
in Table 7. The asymmetric unit contains a Au(l) center  The mercury containing specie8,and 9, have crystal
linearly coordinated to two carbene ligands and a Ag(l) ion structures similar to the other related homoleptic, two-
coordinated to two of the pyridine rings on opposing (and coordinate & species. As shown in Figure 7 [Hg((py©kt
alternating) carbene ligands and to an acetonitrile moleculeim),](BF,),, 8, crystallizes in the triclinic space group P-1
giving the Ag(l) center a distorted trigonal coordination with the cation and two tetrafluoroborate anions occupying
environment. Two tetrafluoroborate anions and an acetonitrile the asymmetric unit. Selected bond distances and angles are
solvate molecule complete the crystal lattice. The helicity is presented in Table 8. The structure contains a nearly linearly
introduced by the formation of the six-membered dimetal- coordinated Hg(ll) atom with a C(3)Hg(1)—C(16) angle
lacycle containing Au(1), Ag(1), C(1), N(2), C(9), and N(4). of 173.5(2) and Hg(1)-C(1) and Hg(1)-C(16) separations
The extended structure displays alternating AtAy(1) of 2.077(6) and 2.072(6) A, respectively. Figure 8 shows
separations that are very short at 2.8359(4) and 2.9042(4)the quinolyl-containing species, [Hg((quin@km),](PFs)2,
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Figure 7. X-ray structural drawing depicting the cationic portion of

[Ha((pyCHy)2im)2](BF4)2, 8, with carbon atoms draw as shaded circles and
nitrogen atoms with dot pattern. Hydrogen atoms removed for clarity.

Table 8. Selected Bond Distances (A) and Angles (deg)&or

Hg(1)-C(1) 2.077(6)
Hg(1)-C(16) 2.072(6)
C(1)-N(1) 1.328(8)
C(1)-N(2) 1.373(8)
C(16)-N(5) 1.324(8)
C(16)-N(6) 1.346(8)

Figure 8. Thermal ellipsoid plot (50%) of the cationic portion of

C(1)Hg(1)-C(16)
N(1}C(1)-N(2)
N(5)-C(16)-N(6)
Hg(1)-C(1)-N(1)
Hg(1)-C(1)-N(2)
Hg(1}C(16)-N(5)
Ho(1)-C(16)-N(6)

173.5(2)
107.7(5)
106.9(5)
124.7(4)
127.7(5)
127.2(5)
125.9(5)

[Ha((CHzquinkim),](PFs)2, 9. Hydrogen atoms removed for clarity.

Table 9. Selected Bond Distances (A) and Angles (deg)Jor

Hg(1)-C(1) 2.063(3)
Hg(1)-C(24) 2.068(3)
C(1)-N(1) 1.338(4)
C(1)-N(2) 1.378(3)
C(24)-N(5) 1.347(3)
C(24)-N(6) 1.347(4)

9, which contains a similarly coordinated Hg(ll) center with
Hg(1)—C(1) and Hg(1)}C(24) separations of 2.063(3) and
2.068(3) A, respectively, and a nearly linear C{Hg(1)—

C(LyHg(1)-C(24)
N(1C(1)-N(2)
N(5)-C(24)-N(6)
Hg(13C(1)-N(1)
Hg(13 C(1)-N(2)
Hg(1} C(24)-N(5)
Hg(1)-C(24)-N(6)

173.1(1)
105.5(2)
106.0(2)
128.3(2)
126.2(2)
128.3(2)
125.3(2)

Catalano et al.
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Figure 9. Solid-state emissiom{x = 346 nm) and excitation spectra of
3 (lower trace) andt (upper trace).

the opposing carbene ligand. The remaining metrical pa-
rameters are unremarkable.

Only poor quality crystaP of the trimetallic [Ag((quin-
CH,)2im)3](BF4)s, 11, were obtained, limiting the structural
study. However, the triangular motif with AgAg separations
of 2.78 A similar to the structure & could be gleaned from
the poor quality data. A crystal structure drawing and selected
bond distances and angles are included as Supporting
Information.

The electronic absorption spectra of comple3ed1 are
nearly featureless with ligand centered—(z*) absorption
bands between 250 and 280 nm. The added conjugation of
the quinolyl-species extends these absorption bandSad
nm, and two sharp bands associated with the quinolyl group
at 302 and 316 nm are resolved.

All of the compounds reported here are photoluminescent
in solution as are the carbene precursors. The luminescent
properties ofl and 2 were reported elsewhetéln aceto-
nitrile, both3 and4 display weak emission bands at 443 nm
(Aexi = 346 nm), while under the same conditions the
imidazolium salt [H(pyCH).im]BF, displays an unsym-
metrical band at-400 nm that tails out te-550 nm. In the
solid state (Figure 9), however, compouhis significantly
more luminescent than its Ag-free precursor both of which
have emission bands at 455 nm which are effectively pumped
by absorptions at 340 nm. The similarity in emission maxima
suggests that these processes originate from the same
electronic state. Likewise, the analogous {pyycontaining
complexes also show similar solution and solid-state emission
properties. In acetonitrile complexés-7 and the ligand
precursor all display sharp emission bands at 345 nm that
originate from an electronic state centered~&284 nm
suggesting a fluorescence process. In the solid state these
emission bands shift to 520 nm f& 545 nm for6, and
515 nm for7 with the emission for the monometallic [Au-

C(24) angle of 173.1(2) Selected bond distances and angles ((Py)im)2]BF4, 6, being the most intense. In the solid state

are presented in Table 9. Relative to the rest of the structure,
the quinolyl groups occupy most of the space around the
metal center and appear#estack with a quinolyl group on
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(20) Crystal data for [Ag((quin-CH)2im)s](BF4)s, 11 Pale yellow stacked
plates,a = b = 13.515(4) A,c = 20.586(8) A, a = =90°, y =
120, hexagonal, P-31c, R= 0.1223.



Pyridine Substituted N-Heterocyclic Carbene Ligand

the emission maxima of the ligand precursor, [Hgow]- tion in the mixed-metal metallocryptands, [AuPdBifRen)]-

BF,, also shifts to lower energy with a band observed at (PF). and [AuPtTI(Bphen}](PFs),, which have shorter
514 nm. Compound behaves similarly its Ag and Au  M—TI separations than their homometallic counterp#ts.
homologues with a weak emission band observed at 445 nmClearly, the chiral polymeric system, has a dipole moment
(Aexi = 283 nm, CHCN). The quinolyl specie, appears oriented along its long crystallographic axis, whereas
slightly more emissive with its emission band centered at crystallizes with a centrosymmetric orientation in the solid
390 nm e = 318 nm, CHCN) which is nearly identical  state (Figure 2, bottom) canceling any cooperativity between
to the quinolyl ligand precursor, [H(quinGHim]PFs. The the metal centers. However, it should also be noted that short
emission spectra df0 and11 are similar to those reported metal-metal interactions are possible in the absence of
earlier for1 and 2. Each shows a broad band at 431 nm dipolar interactions as evidenced in the trimetallic §Ag

when excited at 349 nm (GEN). ((quUInCH,)2im)3](BF4)s, 11, species which has AgAg
separations of only 2.78 A. Here, each Afg bond is
Discussion bridged by the carbene portion of the ligand stabilizing the

triangular Ag cluster.

The structures of the remaining mononuclear compounds
are interesting as they demonstrate the large steric encum-
brance offered by these NHC ligands. This is particularly
true for the quinolyl-species, [Hg((quinGHim),](PFe)2, 9,
where the twist introduced between the imidazolium rings
orients the quinolyl moieties on opposite faces of the Hg
center fully encapsulating the metal center. A similar, yet
smaller, effect in observed in the structures3aind8.

The origin of the photoluminescence of these species is
not well-understood. In the complexes with strong metal
metal interactions it is tempting to invoke a metal-centered
mechanism; however, the remarkable similarity between the
emission properties of the ligand precursors and their metal
salts suggests that a ligand-centered emission is likely. There
are relatively few reports of emission from Auor Ag—
carbene complexes. Lin and co-workérseported the
emission properties of a series of Au-benzimidazol-2-ylidene
complexes that show dual emission bands in the solid state
assigned to either an intraligand transition or a metaétal
state originating from weak intermolecular aurophilic inter-
actions. In solution where metaimetal interactions are
absent the remaining emission was assigned to an intraligand
transition similar to what is observed in this work.

From a structural perspective the chiral polyries very
interesting. Silver coordination polymers are well-knotkn,
and helical arrays of Ag(l) centers formed from chiral ligands
have also been reportétiHowever, no reports of single
handed, mixed-metal species formed from achiral ligands
could be found. Spontaneous resolution generating homo-
chiral Ag-containing polymers from achiral components has
been reported, but none contain short3(A) Ag—Ag
interactions’” The generation of chiral polymers through
metallophilic attractions is unique, and the short-AAg

The complexes reported here further exemplify the utility
of substituted N-heterocyclic carbene ligands as ligands for
d'® metals and as supports for generating metaétal
interactiong’! All of the complexes reported here are air-
stable and substitution inert, except for the polymeric system
7 which appears to lose Ag(l) ion in solution but reforms
the polymeric chain upon precipitation. This is in contrast
to the behavior ot which has a similar ligation about the
Au and Ag centers yet does not dissociate Ag(l) ion in
solution. This may be a consequence of the constrained
coordination environment around the Ag cente? ahposed
by the rigid pyridyl-imidazolium linkage as opposed 40
where the added methylene spacer significantly relieves this
strain. Accordingly, the Ag-pyridine separations (2.389(4)
and 2.323(4) A) irv are slightly longer than those #which
average 2.248(13) A. The coordinated acetonitrile molecule
displays the opposite trend and is more tightly bound to the
Ag center in7 compensating for the diminished donating
ability of the withdrawn pyridine rings.

The observation of short AuAg separations (2.8359(4)
and 2.9042(4) A) in7 is also noteworthy particularly in
contrast tod where the Au-Ag distances are notably longer
at 3.2197(17) and 3.2819(17) A. This discrepancy could be
attributed to several factors, most simply the strain imposed
by the rigid ligand backbone af However, there have been
several reports recently where shorter metaktal interac-
tions are attributed to the incorporation of attractive dipolar
interactiong? For example, Fackler and co-work&#sre-
cently described the structures of three isomorphous M
(MTP), compounds where Mis Au,, Ag,, or AgAu and
MTP is diphenylmethylenethiophosphinate and attributed the
shortening of the Ag-Au separation (2.912 A) relative to
the homometallic separations 3.0 A) to a dipolar interac-
tion. Likewise, we observed a similar metahetal contrac-

(23) Catalano, V. J.; Malwitz, M. AJ. Am. Chem. So€004 126 6560.
(21) (a) Garrison, J. C.; Simons, R. S.; Kofron, W. G.; Tessier, C. A.; (24) Wang, H. M. J.; Chen, C. Y. L.; Lin, I. J. EDrganometallics1999

Youngs, W. JChem. Commur2001, 1780. (b) Melaiye, A.; Simons, 18, 1216.

R. S.; Milsted, A.; Pingitore, F.; Wesdemiotis, C.; Tessier, C. A.; (25) Khlobystov, A. N.; Blake, A. J.; Champness, N. R.; Lemenovskii, D.

Youngs, W. JJ. Med. Chem2004 47, 973. (c) Barnard, P. J.; Baker, A.; Majouga, A. G.; Zyk, N. V.; Schider, M. Coord. Chem. Re

M. V.; Berners-Price, S. J.; Skelton, B. W.; White, A. Blalton Trans. 2001, 222, 155.

2004 7, 1038. (26) (a) Bowyer, P. K.; Porter, K. A.; Rae, D.; Willis, A. C.; Wild, S. B.
(22) (a) Rawashdeh-Omary, M. A.; Omary, M. A.; Fackler, J. Pindng. Chem. Communl99§ 1153. (b) Wu, B.; Zhang, W.-J.; Yu, S.-Y.;

Chim. Acta2002 334, 376. (b) Ferhadez, E. J.; Laguna, A.; lpez- Wu, X.-T. J. Chem. Soc., Dalton Tran$997, 1795.

de-Luzuriaga, J. M.; Monge. M.; Pyykk®.; Runeberg, NEur. J. (27) (a) Janiak, C.; Scharmann, T. G.; Albrecht, P.; Marlow, F.; Macdonald,

Inorg. Chem2002 750. (c) Uso, R., Laguna, A.; Laguna, M.; Usg R.J. Am. Chem. S0d.996 118 6307. (b) Bu, X.-H.; Chen, W.; Du,

A.; Jones, P. G.; Erdbgger, C. F.Organometallics1987, 6, 1778. M.; Biradha, K.; Wang, W.-Z.; Zhang, R.-Hnorg. Chem2002 41,

(d) Usm, R., Laguna, A.; Laguna, M.; Usg A.; Jones, P. G 437. (c) Abrahams, B. F. Jackson, P. A.; RobsonARgew. Chem.,

Sheldrick, G. M.J. Chem. Soc., Dalton Tran$984 285. Int. Ed. Engl.1998 37, 2656.
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separations, chiral polymeric coordination mode and pho-

toluminescence observedTropen up many possibilities for
optoelectronic and material applicatiofisMoreover, the

Catalano et al.

Et,O affords 0.250 g (0.199 mmol) dfas a microcrystalline
product (78%). This material can be recrystallized fromyCH
C|2/Et20. Anal. Calcd (G4H34N10Ag2AUBgFlg'CHzc|2): C,

presence of the uncoordinated pyridine ring and the aceto-31.35; H, 2.71; N, 10.45. Found: C, 31.84; H, 2.84; N, 9.86.

nitrile molecule allow for two simple points of further
modification that could fine-tune the optical and physical

IH NMR (300 MHz, CDCN, 25°C): 6 = 8.55 (m, 4H),
8.04 (m, 4H), 7.83 (m, 4H), 7.57 (m, 4H), 7.55 (s, 4H), 5.62

properties of this material. We are currently investing these (s, 8H), 1.95 (s, 6H)C{*H} NMR (75 MHz, CD;CN, 25
systems and other multimetallic polymers based on analogous’C): 6 = 181.1, 155.0, 152.9, 141.3, 127.1, 126.4, 124.8,

ligands.

Experimental Section

Solvents were used as received without purification or
drying. The imidazolium salts, [H(pyChtim]BF,” and

[H(py).im]BF42° were prepared using an established proce-

dure. [H(quinCH).im]PFs and [H(quinCH).im]BF4 were
prepared analogously to [H(pyGHIm]BF, except 2-(chlo-
romethyl)quinoline was used in place of 2-(chloromethyl)-
pyridine. The preparation of Au(tht)Cl was described else-

where3® Combustion analyses were performed by Desert

Analytics, Tucson, AZ. UV-vis spectra were obtained using

a Hewlett-Packard 8453 diode array spectrometer (1 cm path-
length cells). Emission data were recorded using a Spex

Fluoromax steady-state fluorimeter.

Preparation of [Au((pyCH ,).im);]BF4 3. A 25 mL
round-bottom flask was charged with 1.00 g (1.44 mmol)
of [Ag((pyCH,)2im),]BF, 2, and 10 mL of dichloromethane.
To this was added 0.461 g (1.44 mmol) of Au(tht)Cl in 5
mL of dichloromethane after which a fine white precipitate

forms immediately. This mixture was stirred in the absence

light for 25 min. The mixture was then filtered through

Celite, and the remaining colorless solution was evaporatedc|2
to dryness using a rotary evaporator. The residual white solid

was dissolved in a minimum volume of GEN and
precipitated with BO to give 0.950 g (1.21 mmol) of [Au-
((pyCH,)2im),]BF4 as a microcrystalline product (849%).
Anal. Calcd (GoH2sNsAUBF,): C, 45.94; H, 3.60; N, 14.29.
Found: C, 45.64; H, 3.55; N, 14.024 NMR (300 MHz,
CDsCN, 25°C): 6 = 8.44 (m, 4H), 7.66 (m, 4H), 7.30 (s,
4H), 7.23 (m, 4H), 7.16 (m, 4H), 5.41 (s, 8HJC{*H} NMR
(75 MHz, CD,CN, 25°C): ¢ = 186.3, 156.7, 150.8, 138.4,
124.4, 123.9, 123.0, 56.9. UV (GBN) Amax, NM ): 237
(15900), 248 (20600), 261 (22700), 266 (sh, 19600).
Preparation of [AUAg 2((pyCH_2)2im)2(NCCH3),](BF 4)3,
4. A 50 mL round-bottom flask was charged with 0.201 g
(0.256 mmol) of [Au((pyCH).im),]BF, and 15 mL of CH-
CN. A separate 15 mL Erlenmeyer flask was charged with
0.100 g (0.513 mmol) of AgBFin 10 mL of CH,CN. The
AgBF, solution was then added to [Au((pyGm);|BF4

slowly over 5 min. Once added, the entire mixture was stirred

58.3. UV (CHCN) Amax NM (€): 237 (6400), 248 (8100),
261 (9000), 265 (sh, 8000).

Preparation of [((py)2im)2Ag]BF4, 5. A 50 mL round-
bottom flask was charged with 0.207 g (0.67 mmol) of
[H(py)2im)]BF4, 25 mL of CH.Cl,, 0.038 g of AgO (0.170
mmol), and a catalytic amount of BNBF,. The mixture
was protected from light and stirred rfdl h at room
temperature. NaOH (1 N, 3 mL) was then added and stirring
was continued for a further 10 min. The mixture was filtered
through Celite. The bright yellow filtrate was reduced to
minimum volume under vacuum and precipitated withCEt
affording 0.170 g (0.270 mmol) db as a white powder
(40%). Anal. Calcd (@HsoNsAgBF,-H20): C, 47.52; H,
3.37; N, 17.05. Found: C, 47.20; H, 3.16; N, 16.46 NMR
(499.8 MHz, CRCN, 25°C) 6 = 8.42 (m, 4H), 8.19 (s,
4H), 8.05 (m, 4H), 7.85 (m, 4H), 7.50 (m, 4HYC{H}
NMR (125.7 MHz, CCN, 25°C) 6 = 182.7, 151.9, 149.8,
140.4, 125.2,121.9, 116.6. UV (GEN) Amax, NM (€): 240
(23 000), 274 (24 600), 428 (600).

Preparation of [((py).im).Au]lBF4, 6. A 50 mL round-
bottom flask was charged with 0.104 g (0.16 mmol)5of
and 20 mL of CHCI,. In a 25 mL Erlenmeyer flask, 0.052
g (0.16 mmol) of Au(tht)Cl was dissolved in 10 mL of GH
and added to the round-bottom flask containing the
solution of 5. The mixture was protected from light and
stirred for 15 min during which a precipitate forms. The
solution was filtered through Celite to remove the precipitated
AgCIl. The clear filtrate was then reduced in volume under
vacuum and precipitated usingEtaffording 0.110 g (0.15
mmol) of 2 as a white powder (94%). Anal. Calcd$8,0Ns-
AuBF,CH,Cl,*H,0): C, 39.01; H, 2.91; N, 13.48. Found:
C, 38.97; H, 2.98; N, 13.56H NMR (499.8 MHz, CQCN,
25°C) 0 = 8.47 (m, 4H), 7.98 (m, 4H), 7.92 (s, 4H), 7.73
(m, 4H), 7.47 (m, 4H)*3C{*H}NMR (125.7 MHz, CCN,
25°C) 0 = 181.2, 151.5, 150.0, 140.1, 125.7, 122.9, 119.1.
(CH3CN) Amax, NmM (€): 268 (23000).

Preparation of {[AUAQ((py) 2im)2(CH3CN)](BF 4)2}n, 7.
Method A: A 50 mL round-bottom flask was charged with
0.108 g (0.15 mmol) 06, 0.058 g (0.30 mmol) of AgBE
and 30 mL of CHCN. The colorless mixture was protected
from light and stirred for 1 h. The mixture was filtered
through Celite, reduced in volume under vacuum, and

for 2 h. The mixture was then filtered through Celite and precipitated with EO affording 0.110 g (0.11 mmol) of

concentrated using a rotary evaporator. Precipitation with

(28) (a) Janiak, CDalton Trans.2003 2781. (b) Forward, J. M.; Fackler,
J. P., Jr.; Assefa, Z. IrDptoelectronic Properties of Inorganic
CompoundsRoundhill, D. M., Fackler, J. P., Jr., Eds.; Plenum Press:
1999; p 195.

(29) Chen, J. C. C.; Lin, I. J. BOrganometallics200Q 19, 5113.

(30) Uson, R.; Laguna, A.; Laguna, Nhorg. Synth.1989 26, 85
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as a off-white powder (79%).

Method B: A 50 mL round-bottom flask was charged with
0.101 g (0.139 mmol) ob and 0.108 g (0.55 mmol) of
AgBF,4 in 40 mL of CH;CN. This mixture was protected
from light and brought to reflux for 9 h. The mixture was
cooled, filtered through Celite, reduced to minimum volume
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under vacuum, and precipitated with,8taffording 0.120

g (0.12 mmol) of7 as an off-white powder (86%). Crystal-
lization from CHCN/ELO vyields long colorless needles
suitable for X-ray analysis. Anal. Calcd £§E1,3NoAgAUB,-

Fs): C, 34.89; H, 2.40; N, 13.08. Found: C, 35.14; H, 2.78;
N, 13.26.'H NMR (499.8 MHz, CRCN, 25°C) 6 = 8.47
(m, 4H), 7.98 (s, 4H), 7.92 (m, 4H), 7.72 (m, 4H), 7.47 (m,
4H). 13C{*H}NMR (125.7 MHz, CQCN, 25°C) 6 = 181.0,
151.3, 150.03.8, 140.2, 125.9, 123.0, 119.2. {CN) Amax
nm (¢): 210 (27000), 268 (19000).

Preparation of [Hg((pyCH 2)2im)2](BF4)2, 8. A 250 mL
round-bottom flask was charged with 1.20 g (3.51 mmol)
of [H(pyCH)2im]BF, and 100 mL of CHCN. To this was
added 0.559 g (1.75 mmol) of Hg(OAc)The combined

mixture was refluxed overnight under a nitrogen atmosphere.

filtered through Celite, reduced in volume, and precipitated
with Et,0O yielding 0.203 g (0.227 mmol) df0 as a white
powder (80%)H NMR (300 MHz, C}CN, 25°C): 6 =
7.98 (d, 4H), 7.747.67 (m, 8H), 7.57 (m, 4H), 7.48 (m,
4H), 7.32 (s, 4H), 7.10 (d, 4H), 5.43 (s, 8HIC{*H} NMR
(75 MHz, CDsCN, 25°C): 6 = 155.2, 146.8, 136.8, 129.4,
128.3, 127.2, 126.9, 126.4, 122.2, 118.9, 56.7.
Preparation of [Ag3((quinCH 2),im)3](PFe)s, 11.Method
A: A 100 mL round-bottom flask was charged with 0.204
g (0.411 mmol) of [H(quinCH),im]PFs and 0.800 g (3.45
mmol) of AgO in 40 mL of CHCN. This mixture was
protected from light and heated to reflux for 8 h. The mixture
was cooled, filtered through Celite, reduced in volume, and
precipitated with BO affording 0.189 g (0.116 mmol) of
11 as an off-white powder (49%). Method B: A 25 mL

The mixture was cooled, and a rotary evaporator removed round-bottom flask was charged with 0.04 g (0.042 mmol)

volatiles. The off-white residue was washed with several
portions of HO (3 x 50 mL) and then dissolved in a minimal
amount of CHCN. Precipitation with BEO gave 0.671 g
(0.760 mmol) of8 as an off-white solid (44%). X-ray quality
crystals are grown by slow diffusion of benzene into a
saturated acetonitrile solution of the complex. Anal. Calcd
(CgongNgHQBng'HzO): C, 4036, H, 339, N, 12.55.
Found: C, 39.98; H, 3.43; N, 12.334 NMR (300 MHz,
CDsCN, 25°C): ¢ = 8.23 (m, 4H), 7.80 (m, 4H), 7.67 (s,
4H), 7.53 (m, 4H), 7.28 (m, 4H), 5.49 (s, 8HJC{*H} NMR

(75 MHz, CDsCN, 25°C): 6 = 154.5, 150.9, 139.8, 125.6,
125.4,125.2,57.6. UV (CHCN) Amax, NM (€): 240 (15500),
247 (14000), 253 (12500), 260 (11100), 267 (7700).

Preparation of [Hg((qQuinCH 3),im)2](PFe)2, 9. A 100 mL
round-bottom flask was charged with 0.150 g (0.302 mmol)
of [H(quinCH,).im]PFK and 20 mL of CHCN. To this was
added 0.048 g (0.151 mmol) of Hg(OACY his mixture was
refluxed overnight under an atmosphere of nitrogen. The
mixture was cooled, and rotary evaporator removed volatiles.
The remaining white solid was rinsed with several portions
of H,0 (3 x 30 mL) and then dissolved in a minimal amount
of CH;CN. Precipitation with BO affords 0.123 g (0.103
mmol) of 9 as a white solid (68%). X-ray quality crystals
are obtained by diffusion of benzene into an acetonitrile
solution of the complex. Anal. Calcd (§H3sNsHgP:F12): C,
46.38; H, 3.05; N, 9.41. Found: C, 46.69; H, 3.17; N, 9.29.
IH NMR (300 MHz, CBxCN, 25°C): ¢ = 8.16 (m, 4H),
7.98 (s, 4H), 7.64 (s, 4H), 7.61 (s, 4H), 7.28 (m, 4H), 7.06
(m, 4H), 6.67 (m, 4H), 5.75 (s, 8HYC{*H} NMR (75 MHz,
CDsCN, 25°C): 6 =173.8 (m), 155.5, 147.8, 140.4, 131.6,
129.3, 128.8, 128.4, 127.6, 126.1, 122.4, 57.9. UV {CH
CN) Amax Nm (): 280 (sh, 11900), 292 (12700), 304
(13100), 317 (11800).

Preparation of [((quinCH 2).im),Ag]BF4, 10.A 100 mL
round-bottom flask was charged with 0.249 g (0.568 mmol)
of [H(quinCH,).im]BF,4, 20 mL of CHCl,, and a catalytic
amount of [BUN]BF,. To this was added a mixture of 20
mL of 1 M NaOH and 0.033 g (0.142 mmol) of AQ. The
flask was removed from light and the mixture was stirred at

room temperature for 4 h. The organic layer was separated

and the aqueous layer was extracted with,Chl (3 x 20
mL). The organic layers were combined, dried with MgSO

of 10, 0.021 g (0.084 mmol) of AgRfand 20 mL of CH-
CN. The mixture was removed from light and brought to
reflux for 2 h. The mixture was cooled, filtered through
Celite, reduced in volume, and precipitated with,@t
affording 0.073 g (0.040 mmol) dfl as an off-white powder
(96%) Anal. Calcd (€9H54N12Ag3P3F18): C, 4579, H, 301,
N, 9.29. Found: C, 46.20; H, 3.09; N, 9.2} NMR (300
MHz, CD;CN, 25°C): ¢ = 8.51 (d, 6H), 8.00 (d, 6H), 7.51
7.44 (m, 18H), 7.07 (m, 6H), 6.62 (m, 6H), 4.76 (AB quartet,
12H).%3C{*H} NMR (126 MHz, CQCN, 25°C): 6 = 156.0,
147.2,141.1, 132.4,129.8, 129.6, 128.6, 127.8, 127.5, 123.1,
56.2. UV (CHCN) Amax, NM (€): 280 (18800), 292 (19700),
304 (20300), 317 (18100).

X-ray Data Collection. Suitable crystals 08, 4, and8
were coated with epoxy cement, mounted on a glass fiber,
and placed on a Siemens P4 diffractometer. The data were
corrected for Lorentz and polarization effects. Calculations
were performed using Siemens SHELXTL PLUS, version
5.03, system of programs refining oA Fhe structures were
solved by direct methods. An absorption correction was
applied using an empirical model derived from psi scans.
Hydrogen atom positions were calculated using a riding
model with a C-H distance fixed at 0.96 A and a thermal
parameter 1.2 times the host carbon atom.

The remaining structure$,(6, 7, and9) were collected
at low temperature using a Bruker SMART Apex CCD
diffractometer with Mo K radiation and a detector-to-crystal
distance of 4.94 cm. Data were collected in a full sphere
using four set of frames with (®3scans inw with an
exposure time of 10s per frame. The r2Ange extended from
3.0 to 64. Data were corrected for Lorentz and polarization
effects using the SAINT program and corrected for absorp-
tion using SADABS. Unit cells were indexed using reflec-
tions harvested from the data collection. The structures were
solved by direct methods and refined using the SHELXTL
5.12 software packag®.
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