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Silver(I) and thallium(I) complexes of a diarylamido-based PNP pincer ligand have been prepared and characterized.
The silver complex [(PNP)Ag]2 exists as a dimer both in solution and in the solid state and is stable under an
ambient atmosphere. Thallium complex (PNP)Tl is, however, monomeric and acutely sensitive to moisture and air.
Both reagents serve to transfer PNP into the coordination sphere of divalent nickel, palladium, and platinum. [(PNP)-
Ag]2 is able to effect PNP transfer in air, but the transfer to nickel(II) is less efficient than that with the thallium(I)
analogue.

Introduction

The diarylamido-based PNP ligands of the pincer family
were first reported in 20031 and have given rise to some
exciting transition-metal chemistry from a number of re-
searchers, including both of our groups.2,3 Synthetic methods
that allow convenient introduction of a ligand into the
coordination sphere of the metal center are especially
important for the installation of bulky anionic chelating
ligands. Most commonly, anionic ligands are introduced via
salt metathesis between a transition-metal chloride and a
lithium or magnesium derivative of the incoming ligand. This
has indeed been used in the chemistry of diarylamido-based

PNP ligands.1-3 The possibility of undesired side reactions
stemming from the higher basicity and reducing power of
lithium or magnesium derivatives may occasionally make
derivatives of other metals be attractive for pincer ligand
transfer purposes.4 Softer thallium(I) and silver(I) salts are
frequently used to replace a halide on a transition-metal
center with an anionic ligand. In this Article, we present the
results of our investigation into the viability of silver and
thallium PNP derivatives as PNP transfer agents as well as
their structural characterization.

Results and Discussion

Synthesis and Structure of [(PNP)Ag]2 (2). The prepara-
tion of (2) was accomplished by two different synthetic
methods (Scheme 1). Vigorous stirring of (PNP)H (1) with
Ag2O in THF led to the formation of2 (NMR spectroscopic
evidence). This cleavage of the N-H bond by Ag2O is
reminiscent of the syntheses of silver complexes of N-
heterocyclic carbenes (where Ag2O cleaves a relatively acidic
C-H bond).5 Alternatively,2 could be prepared by mixing
1 with AgOAc in THF, followed by the addition of KOBut.
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Solution NMR spectroscopic data for2 at 22 °C are
consistent with a time-averagedC2 or Cs symmetry. A single,
somewhat broadened,31P{1H} NMR resonance was detected,
displaying the two-doublets pattern typical of the coupling
to two S) 1/2 isotopes of silver (107Ag and109Ag; J107Ag-P )
449 Hz,J109Ag-P ) 398 Hz in C6D6). Two resonances were
observed for the methine protons of theiPr groups, and four
doublet-of-doublets resonances were observed for theiPr
methyl groups. A closely related “[(Cy2PCH2SiMe2)2N]Ag”
(3) containing a disilylamido-based PNP ligand was reported
(but not structurally characterized) by Caulton et al.6 The
J109Ag-P ) 500 Hz in 3 is somewhat larger than that in2,
likely a consequence of the greater donicity of the trialky-
lphosphine arms in3 versus the aryladialkylphosphine arms
in 2.

An X-ray diffraction study on a crystal of2 revealed a
dimeric structure in the solid state (Figure 1). The structure
contains a close AgI-AgI contact of ca. 3.07 Å. The nature
of closed-shell d10-d10 interactions was reviewed elsewhere;
the Ag-Ag distance in2 is comparable to those of other
examples of AgI-AgI interactions.7 Each Ag center in2 is
bound to an amido donor and to two phosphine donors (one
from each PNP unit). Two other structurally characterized
dimeric complexes of a general formula [(PNP)M]2 have
been reported: [(PNP)Cu]2 (4) of Peters and Harkins8 and
[(PNP)Co]2 (5) of Mindiola et al.9 Both 4 and 5 adopt a
diamond-shaped N2M2 structure in which the two amido
ligands are bridging; this is not the case for2. The structure
of 2 can be derived from those of4 and5 by scission of a
pair of bridging M-N bonds (resulting in two terminal amido
ligands) and can thus be viewed as a dimer in which the
two “halves” are associated somewhat less tightly. The Ag-
Ag distance in2 is considerably larger than the M-M
distances in4 (ca. 2.62 Å) and5 (ca. 2.25 Å). The Ag-P
and Ag-N distances in2 are also considerably greater than
the corresponding Cu-N and Cu-P distances in4.8 It is
likely that the larger size of Ag, compared with the first-
row metals Cu and Co, disfavors bridging. In addition, the
phosphines in4 bear smalleriBu substituents,8 and the larger
PPri2 arms in2 may contribute to the formation of a more
loosely associated dimeric structure. In5, the stronger
bonding between the two d8 CoI centers accounts for a much
shorter Co-Co distance.9 One of the four P-C-C-N
dihedrals in the structure of2 deviates significantly from

planarity (ca. 15°; others are less than 5°), indicating that
the structure of2 is somewhat strained.

The Ag-Namido distances in2 (ca. 2.28 and 2.34 Å) are
longer than those in [(µ-(Me3Si)2N)Ag]4 (6; ca. 2.15 Å)10

and in the polymeric [((MeSO2)2N)Ag(m-pyrazine)(NCMe)]∞
(7; ca. 2.24 Å).11 This is rather surprising given the bridging
nature of the amido ligands in6 and that the dimesylamido
ligand in 7 is more weakly donating than the diarylamido
ligand in 2.

We resorted to low-temperature NMR studies to probe
whether the dimeric structure of2 persists in solution. A
31P{1H} NMR spectrum of2 collected at-70 °C in CD2Cl2
contained two31P NMR resonances, consistent with the
nonequivalence of two phosphine arms with each PNP ligand
in the solid-state structure of2. Each of the-70 °C 31P-
{1H} NMR resonances appeared as a broadened doublet.
Presumably, the broadening precludes the resolution of two
concentric doublets that ought to be observed from coupling
to the two isotopes of silver (107Ag, 51.8%;109Ag, 48.2%).
The broadening probably arises from a fluxional process
involving the PNP ligand and possibly also from weak spin-
spin coupling between inequivalent31P nuclei. Thus, it
appears that the solid-state structure is preserved in solution
(at least, as the ground state at low temperature). At 22°C,
a fluxional process must effect the equilibration of the
phosphorus environments rapidly on the NMR time scale.
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Scheme 1

Figure 1. ORTEP12 drawing (50% probability ellipsoids) of2 showing
selected atom labeling. H atoms and all of the methyl groups are omitted
for clarity. Selected bond distances (Å) and angles (deg) follow: Ag1-
Ag2, 3.0738(3); Ag1-P1, 2.4466(8); Ag1-P4, 2.4051(8); Ag2-P2, 2.3808-
(8); Ag2-P3, 2.4370(8); Ag1-N1, 2.340(2); Ag2-N2, 2.280(2); P1-Ag1-
P4, 149.34(3); P2-Ag2-P3, 151.58(3); P1-Ag1-N1, 77.73(6); P4-Ag1-
N1, 128.94(6); P2-Ag2-N2, 119.60(6); P3-Ag2-N2, 79.73(6); Ag2-
Ag1-P1, 111.60(2); Ag2-Ag1-P4, 87.29(2); Ag1-Ag2-P2, 85.24(2);
Ag1-Ag2-P3, 117.73(2); Ag2-Ag1-N1, 87.16(6); Ag1-Ag2-N2, 88.81-
(6).
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Notably, the average of the two apparent (ca. 445 Hz,
presumably the approximate average ofJ107Ag-P andJ109Ag-P)
JAg-P coupling constants at-70 °C is equal, within the
substantial error of measurement arising from the broadness
of the peaks, to the average of theJ107Ag-P and J109Ag-P

coupling constants of the single resonance observed at 22
°C (435 Hz in CD2Cl2). It is possible that the process
responsible for the exchange of31P nuclei involves dissocia-
tion of dimeric 2 into monomeric (PNP)Ag species and
subsequent recombination. However, a concerted intramo-
lecular process in2 cannot be ruled out.

Synthesis and Structure of (PNP)Tl (9).When a THF
solution of TlOTf was slowly added to a THF solution
containing (PNP)Li (8), (PNP)Tl (9) was isolated as an
orange powder in 82% yield upon workup (Scheme 2). As
expected for a thallium(I) reagent,9 is diamagnetic and
displays aC2V symmetric system in the1H NMR spectrum
at 22°C. A single phosphorus resonance (d, 48.33) was found
in the 31P{1H} NMR spectrum with a significantJP-Tl

coupling of 2385 Hz (203Tl, I ) 1/2, 29.5%;205Tl, I ) 1/2,
70.5%). Conversely, we were able to obtain the203/205Tl NMR
data for9 and locate a triplet at 3229 ppm with a similar
JTl-P of ∼2400 Hz. These coupling constants are lower than
those observed by Peters et al. for Tl[PhBP3] (>5000 Hz,
PhBP3 ) PhB(CH2PR2)3, R ) Ph,13a iPr13b) and Tl[Ph2B(CH2-
PPh2)2] (>4000 Hz)13c but greater than those for the thallium-
(III) phosphine adducts Tl(C6H4CH2PPh2)3,14 Tl(CH2SiMe3)3-
(P[SiMe3]3),15 and [Tl(CH3)2(µ2-P[SiMe3]2)]2.16 In fact, 9
represents a rare example of a thallium(I) phosphine adduct,
which is surprising given the assumption that a soft thallium-
(I) should readily coordinate soft donors such as a phos-
phine.17

To elucidate the degree of aggregation in9 and to establish
the coordination sphere about the TlI ion, we collected X-ray

diffraction data on a single orange crystal of9 (Figure 2).
The PNP ligand in6 adopts a conformation that is similar
to that of itself in (PNP)Li(THF)18 and also to that of the
bis(quinolyl)amido NNN ligand in (NNN)Tl reported by
Peters et al.19 The two aryl rings of PNP are strongly twisted
out of coplanarity, and the P-Tl-P angle is reduced to ca.
119°. Distortion from an idealized T-shaped geometry can
be illustrated by the significant displacement (∼1.82 Å) of
one of the P atoms (P18) from the imaginary mean plane
defined by the atoms Tl1, P2, and N10. This highly distorted
arrangement of ligands about Tl is presumably a consequence
of a compromise between the inherent backbone constraints
of the PNP ligand and the desired trigonal-pyramidal
geometry about TlI.13,20 Examination of the unit cell does
not suggest any Tl‚‚‚Tl interatomic contacts playing a role
in the solid-state structure for9. Another salient feature in
the molecular structure of9 is the Tl-N distance of 2.413(3)
Å, which is longer than the one-coordinate TlI-amide
distances 2.348(3) and 2.379(3) Å reported in the literature21

or from the monomeric, three-coordinate Tl-Nanilide system
Tl(L) (L - ) bis(3,5-di-tert-butylpyrazol-1-yl)-1-CH2NAr, Ar
) 2,6-iPr2C6H3) (2.274(4) Å).22 Regardless, the Tl-Namide
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Scheme 2

Figure 2. ORTEP12 drawing (50% probability ellipsoids) of9 showing
selected atom labeling. H atoms and all of the methyl groups are omitted
for clarity. Selected bond distances (Å) and angles (deg) follow: Tl1-
N10, 2.413(3); Tl1-P2, 2.9708(9); Tl1-P18, 3.1076(10); N10-Tl1-P2,
68.00(7); N10-Tl1-P18, 64.88(7); P2-Tl1-P18, 118.81(2).
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distance in1 is comparable to other TlI-amide distances
reported in the literature.23

Stability of 2 and 9. Complex9 can be stored in the dark
and at-35 °C without decomposition for approximately 2
weeks. It is recommended that the solid be used within a
week of its preparation. However, gradual decomposition is
eventually observed to deposit an intractable and insoluble
black/gray material. We speculate that this dark product is
the deposition of thallium metal. This complex is also
thermally unstable and decomposes at temperatures over 140
°C (color change from orange to dark brown without
melting). Solid9 or its solutions must be handled under an
inert atmosphere; otherwise, immediate decomposition en-
sues. These properties of9 are in stark contrast to the AgI

pincer analogue2, which is stable in ambient air both in
solution and in the solid state for extended periods of time
and shows no detectable sensitivity to ambient light. The
resistance of2 to hydrolysis is not surprising given that it
can be synthesized from (PNP)H and Ag2O (vide supra). In
contrast to2, solutions of the parent ligand1 degrade readily
in air, which makes the former material an attractive reagent
for subsequent transmetalation reactions.

Transmetalation Reactions.To test the viability of2 and
9 as PNP transfer agents, we elected to explore their utility
in the syntheses of (PNP)MCl complexes (10-12) of the
metals of group 10 (Ni, Pd, Pt). The square-planar, diamag-
netic (PNP)MCl complexes (10-12) were characterized
previously and were shown to be exceedingly robust,
including upon exposure to air.1c,24 We selected typical
soluble adducts of the dichlorides of the corresponding metals
(DME)NiCl2, NiCl2(THF)1.5, (COD)PdCl2, and (COD)PtCl2
as PNP transfer recipients.

Reactions of2 with LnMCl2 were performed in air, using
commercial C6D6 that had not been dried or deoxygenated.
In all three reactions, immediate changes were observed upon
mixing. A temperature of 70°C was maintained for 2 h to
ensure completeness of the reactions. In the reactions with
(COD)PdCl2 and (COD)PtCl2, 90% conversion to the
products (11 and12) was detected by NMR spectroscopy.
The reaction with (DME)NiCl2 proceeded less smoothly.
Whereas substantial quantities of (PNP)NiCl (10) were
produced, a mixture of apparently paramagnetic compounds

(broad, featureless resonances in the1H NMR spectrum) was
also formed. The overlap among the peaks did not allow for
the quantification of produced10. It is possible that the lesser
affinity of Ni II for phosphine donors results in an incomplete
transfer of PNP and an observable equilibrium where AgI

and NiII compete for binding to PNP. Alternatively, the
oxidizing ability of AgI might interfere with clean salt
metathesis.

In view of the sensitivity of9 to air and moisture, the
PNP transfer reactions with it were performed under an inert
atmosphere in dried and degassed C6D6. Complex9 served
well to transfer PNP to NiII, PdII, and PtII in 85% or greater
conversion (NMR spectroscopic evidence). In contrast to the
reactivity of 2, the reactions using9 were essentially
complete in the time of mixing.

Thus, in terms of PNP transfer,9 behaves similarly to
(PNP)Li,1-3 with fast PNP transfer but with sensitivity to
moisture and air.2 presents itself as a more sluggish (possibly
owing to its dimeric nature) but robust PNP transfer agent.
The two properties are probably related. It is reasonable to
expect AgI to form stronger bonds to phosphines, thus
preventing their oxidation and disfavoring Ag-N bond
hydrolysis by holding Ag firmly in place. However, the
stronger Ag-P bonds may result in (a) a more sluggish PNP
transfer (for instance, if phosphine dissociation is involved
in the rate-limiting step) and (b) a lack of thermodynamic
driving force for a full PNP transfer to a metal with lesser
phosphine affinity, such as NiII. It is also likely that the
oxidizing nature of Ag(I) in2 may lead to side reactions.

Conclusion

In summary, we have prepared and fully characterized
silver(I) and thallium(I) derivatives of a diarylamido-based
PNP ligand and investigated their stability and reactivity in
the transmetalation reactions. The thallium derivative (PNP)Tl
(9) exists as a monomer and behaves similarly to (PNP)Li
in that it is sensitive to air and moisture (and possibly light
sensitive) and rapidly transfers the anionic PNP ligand to
divalent nickel, palladium, and platinum. The silver deriva-
tive [(PNP)Ag]2 (2) exists as a dimer both in the solid state
and in solution and is stable to air and moisture. It works
well to transfer PNP to divalent palladium and platinum, but
does so slowly. These results provide helpful insight for
designing syntheses of transition-metal complexes of the PNP
ligands and possibly those of other pincer ligands as well.

(23) For a review on thallium(I) amides, see: Gade, L. H.Dalton Trans.
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Experimental Section

General Considerations. Unless specified otherwise, all of the
manipulations were performed under an argon or nitrogen atmo-
sphere using standard Schlenk-line or glovebox techniques. Toluene,
pentane, Et2O, C6D6, and THF and isooctane were dried over NaK/
Ph2CO/18-crown-6, distilled or vacuum-transferred and stored over
molecular sieves in a glovebox under argon or nitrogen. Alterna-
tively, anhydrousn-hexane, pentane, toluene, and benzene were
purchased from Aldrich in sure-sealed reservoirs (18 L) and dried
by passage through two columns of activated alumina and a Q-5
column,25 whereas Et2O and CH2Cl2 were dried by passage through
two columns of activated alumina.26 CD2Cl2 was dried over and
vacuum-transferred from CaH2. Celite, alumina, and 4 Å molecular
sieves were activated under a vacuum overnight at 200°C. (PNP)-
Li (8),18 TlOTf,27 NiCl2(THF)1.5,28 (DME)NiCl2,29 (COD)PdCl2,30

and (COD)PtCl230 were prepared according to the literature. (PNP)-
NiCl (10),24 (PNP)PdCl (11),1c and (PNP)PtCl (12)24 were char-
acterized elsewhere. All of the other chemicals were used as
received from commercial vendors. NMR spectra were recorded
on a Varian Inova 400 (1H NMR, 399.755 MHz;13C NMR, 100.518
MHz; 31P NMR, 161.822 MHz) spectrometer. For1H and13C NMR
spectra, the residual solvent peak was used as an internal reference.
31P NMR spectra were referenced externally using 85% H3PO4 at
0 ppm. Elemental analyses were performed by CALI Labs, Inc.
(Parsippany, NJ) or Desert Analytics, (Tucson, AZ).1H, 31P, and
13C NMR spectra were recorded on Varian 400 or 300 MHz NMR
spectrometers.1H and13C NMR spectra are reported with reference
to solvent resonances;31P NMR spectra were referenced externally
to 85% H3PO4 (Wilmad) at 0 ppm.205Tl NMR spectral data were
collected on a Varian Inova 500 instrument. Chemical shifts were
externally referenced to 0.1 M aqueous Tl(NO3) at 0.0 ppm. Spectra
were recorded using 16 scans with a 45° pulse width over a spectral
window of 1728 ppm. The acquisition time was 0.524 s, and the
relaxation delay was 5 s.

[(PNP)Ag]2 (2). Method 1. In a 10 mL Schlenk flask covered
with foil, (PNP)H (1) (25.3 mg, 0.0592 mmol) was dissolved in
THF. Ag2O (8.4 mg, 0.0362 mmol) was added, and the solution
was stirred for approximately 48 h. The formation of2 was
confirmed in situ by31P{1H} NMR. Method 2. In a Schlenk flask
covered with foil,1 (261 mg, 0.606 mmol) was dissolved in THF.
AgOAc (103 mg, 0.681 mmol) was added, followed by the addition
of KOBut (85.5 mg, 0.762 mmol). The solution was stirred for 3 h
and then filtered through a pad of Celite and silica gel. The volatiles
were removed from the filtrate, some pentane was added, and the
flask was placed in a freezer at-35 °C overnight. The next day,
the yellow solid was collected and dried under a vacuum (211 mg).
A second fraction of 30 mg was obtained from the supernatant, for
a total yield of 241 mg (74%). A C6D6 sample solution was left
open to the air for 7 days without measurable degradation as
assessed by NMR. No data were collected beyond 7 days.1H NMR
(22 °C, C6D6): δ 7.14 (d, 2H,J ) 7 Hz, Ar-H), 6.92 (d, 2H,J )
8 Hz, Ar-H), 6.86 (s, 2H, Ar-H), 2.49 (br s, 2H, CH(CH3)2),
2.25 (s, 6H, CH3-Ar), 2.11 (br s, 2H, CH(CH3)2), 1.25 (dd, 6H,J
) 14 and 7 Hz, CH(CH3)2), 1.14 (dd, 6H,J ) 17 and 11 Hz, CH-

(CH3)2), 1.05 (dd, 6H,J ) 13 and Hz, CH(CH3)2), 1.00 (dd, 6H,
J ) 14 and 7 Hz, CH(CH3)2). 1H NMR (22 °C, CD2Cl2): δ 6.72
overlapping with 6.69 (both s, 6H, Ar-H), 2.51 (br s, 2H,
PCHMe2), 2.14 (s, appears to be overlapping with a broad singlet,
6H, Ar-CH3, with, 2H, PCHMe2), 1.20 (dd, 6H,J ) 15 and 8
Hz), 1.12 (dd, 6H,J ) 15 and 8 Hz), 1.05 (dd, 6H,J ) 14 and 7
Hz), 0.95 (dd, 6H,J ) 14 and 7 Hz).31P{1H} NMR (CD2Cl2): δ
9.64 (d,J107Ag-P ) 411, Hz,J109Ag-P ) 459 Hz). 31P{1H} NMR
(-70 °C, CD2Cl2): δ 21.3 (br d,Japp ) 534 Hz),-3.7 (br d,Japp

) 361 Hz).13C{1H} NMR (C6D6): δ 161.5 (t,J ) 6 Hz), 132.1,
131.6, 122.2, 119.9, 117.0 (t,J ) 20 Hz), 23.4 (m), 21.6, 21.0,
20.7 (t, J ) 6 Hz), 20.2, 18.4.31P{1H} NMR (C6D6): δ 9.7 (d,
J107Ag-P ) 398 Hz,J109Ag-P ) 449 Hz). Elem. Anal. Found (calcd)
for C26H40P2NAg: C, 58.23 (58.22); H, 7.63 (7.52).

(PNP)Tl (9). To a stirring solution of TlOTf (251 mg, 0.71
mmol) in THF was slowly added8 (309 mg, 0.71 mmol) in THF.
The yellow-orange suspension was stirred for 20 min, and then
the solvent was removed in vacuo. The remaining residue was
dissolved in benzene and filtered. The orange filtrate was dried to
give a thermally sensitive orange powder. This residue was extracted
with diethyl ether and cooled to-36 °C overnight, yielding orange
crystals of9. Yield: 370 mg (82%).1H NMR (C6D6): δ 7.30 (m,
2H, Ar-H), 7.04 (br s, 2H, Ar-H), 7.01 (s, 2H, Ar-H), 2.27 (s,
6H, Ar-CH3), 2.24 (septet, 4H, CHMe2), 1.08 (overlapping
multiplets, 24H, CHMe2). 205Tl NMR (25 °C, 289.286 MHz,
C6D6): δ 3229 (t,JTl-P ) 2434 Hz).31P NMR (25°C, 121.5 MHz,
C6D6): δ 48.33 (d,JP-Tl ) 2385 Hz).13C{1H} NMR (25°C, 125.69
MHz, C6D6): δ 161.8 (d, Ar), 134.3 (Ar), 132.3 (Ar), 123.7 (Ar),
120.9 (Ar), 120.0 (Ar), 25.0 (CHMe2), 20.8 (ArMe), 19.9 (CHMe2),
19.7 (CHMe2). 13C NMR (25°C, 125.69 MHz, C6D6): δ 161.8 (d,
JC-P ) 31 Hz), 134.3 (d,JC-H ) 151 Hz, Ar), 132.3 (d,JC-H )
152.4 Hz, Ar), 123.7 (s, Ar), 120.9 (d,JC-P ) 21 Hz, Ar), 119.4
(s, Ar), 25.0 (d,JC-H ) 129 Hz,CHMe2), 20.8 (quartet,JC-H )
125 Hz ArMe), 19.9 (quartet,JC-H ) 126 Hz, CHMe2), 19.7
(quartet,JC-H ) 127 Hz, CHMe2). Elem. Anal. Found (calcd) for
C26H40NP2Tl: C, 49.37 (49.33); H, 6.02 (6.37); N, 2.21 (2.21).

Synthesis of 10 from 9.To a J. Young NMR tube containing
NiCl2(THF)1.5 in THF was added a solution containing 1 equiv of
9 in THF. The formation of a white precipitate was observed
immediately with a change in the color of the solution to green.
Inspection by 31P and 1H NMR spectroscopies revealed the
formation of10 and some1. On the basis of atert-butylbenzene
internal integration standard (5.0µL), 11was formed in 85% yield.

Synthesis of 11 with 9.To a J. Young NMR tube containing
(COD)PdCl2 (15.0 mg, 0.052 mmol) in C6D6 was added 1 equiv
of 9 (33.2 mg, 0.052 mmol). The immediate formation of a white
precipitate was accompanied by a change in the solution color from
orange to red/purple. On the basis of the dioxane internal integration
standard (5.0µL), 11was formed in>90% yield. Note that attempts
to prepare11 from 9 and anhydrous PdCl2 resulted in decomposition
mixtures after 24 h, presumably due to the decomposition of9.

Synthesis of 12 with 9.To a J. Young NMR tube containing
(COD)PtCl2 (11.0 mg, 0.029 mmol) in C6D6 was added 1 equiv of
9 (19.0 mg, 0.030 mmol) in C6D6. The resulting yellow solution
was accompanied by the rapid precipitation of a white solid. On
the basis of the dioxane internal integration standard (5.0µL), 12
was formed in 94% yield.

Synthesis of 10 with 2. 2(15.9 mg, 0.0298 mmol of Ag) was
transferred to a screw-capped NMR tube in air and dissolved in
C6D6 (used as received and stored outside the glovebox). Dioxane
(2.5µL) was added to the clear, bright-yellow solution as an internal
integration standard. The solution rapidly became green upon the
addition of (DME)NiCl2 (8.2 mg, 0.0325 mmol). NMR analysis

(25) Muller, G.; Lachmann, J.Z. Naturforsch., B: Anorg. Chem.1993,
48, 1544.

(26) Pangborn, A. B.; Giardello, M. A.; Grubbs, R. H.; Rosen, R. K.;
Timmers, F. J.Organometallics1996, 15, 1518.

(27) Woodhouse, M. E.; Lewis, F. D.; Marks, T. J.J. Am. Chem. Soc.
1982, 104, 5586.

(28) Kern, R. J.J. Inorg. Nucl. Chem.1962, 24, 1105.
(29) Ward, L. G. L.Inorg. Synth.1971, 13, 154.
(30) Drew, D.; Doyle, J. R.Inorg. Synth. 1990, 28, 346.
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indicated formation of10, but the quantification was not possible
because of the extensive overlap with the broad peaks of unidenti-
fied paramagnetic compounds also present in the solution.

Synthesis of 11 with 2.In a screw-capped NMR tube in air,2
(15.7 mg, 0.0294 mmol of Ag) was dissolved in C6D6 (used as
received and stored outside the glovebox) to form a clear, bright-
yellow solution. Dioxane (2.5µL) was added to the sample as an
internal integration standard for1H NMR. Upon the addition of
(COD)PdCl2 (8.4 mg, 0.0295 mmol), an immediate color change
was observed, with the solution rapidly becoming a cloudy red with
a white precipitate. The solution was held at 70°C for 2 h.11 was
observed in 90% yield (quantification by1H NMR based on the
internal integration standard).

Synthesis of 12 with 2.In a screw-capped NMR tube in air,2
(15.6 mg, 0.0292 mmol of Ag) was dissolved in C6D6 (used as
received and stored outside the glovebox), generating a clear, bright-
yellow solution. Dioxane (2.5µL) was added to the sample to serve
as an internal integration standard. (COD)PtCl2 (13.3 mg, 0.0355
mmol) was added, resulting in the rapid formation of a cloudy
yellow solution with a white precipitate. The solution was held for
2 h at 70°C. 12 was observed in 90% yield (quantification by1H
NMR based on the internal integration standard).

X-ray Data Collection, Solution, and Refinement for 2.All
of the operations were performed on a Bruker-Nonius Kappa Apex2
diffractometer, using graphite-monochromated Mo KR radiation.
All of the diffractometer manipulations, including data collection,
integration, scaling, and absorption corrections, were carried out
using the Bruker Apex2 software.31 Preliminary cell constants were
obtained from 3 sets of 12 frames. Data collection was carried out
at 120 K, using a frame time of 10 s, and a detector distance of 60
mm. The optimized strategy used for data collection consisted of
sevenæ andω scan sets, with 0.5° steps inæ or ω; a total of 1544
frames were collected. Final cell constants were obtained from the
xyzcentroids of 7174 reflections after integration.

From the lack of systematic absences, observed metric constants,
and intensity statistics, space groupP1h was chosen initially;
subsequent solution and refinement confirmed this to be the correct
choice. The structure was solved usingSIR-9232 and refined (full-
matrix least squares, 586 parameters, 13 250 data) using the Oxford
UniversityCrystals for Windowsprogram.33 All of the non-H atoms
were refined using anisotropic displacement parameters; H atoms
were fixed at calculated geometric positions and allowed to ride
on the corresponding C atoms. The final least-squares refinement
converged to R1) 0.0349 and wR2) 0.0685 (F 2, all data).

X-ray Data Collection, Solution, and Refinement for 9.A
preliminary set of cell constants was calculated from reflections
obtained from 3 nearly orthogonal sets of 30 frames. The data
collection was carried out using graphite-monochromated Mo KR
radiation with a frame time of 3 s and a detector distance of 5.0
cm. A randomly oriented region of a sphere in reciprocal space
was surveyed. Four sections of 606 frames were collected with 0.30°
steps inω at differentæ settings with the detector set at-43° in
2θ. Final cell constants were calculated from thexyzcentroids of
1853 strong reflections from the actual data collection after
integration (SAINT 6.1).34

Intensity statistics and systematic absences suggested that the
centrosymmetric space groupPbca and subsequent solution and
refinement confirmed this choice. Data were corrected for absorp-
tion using the BrukerSADABSsoftware.35 The structure was solved
usingSHELXS-97and refined withSHELXL-97.36 A direct-methods
solution was calculated, which provided most of the non-H atoms
from theE map. Full-matrix least-squares/difference Fourier cycles
were performed, which located the remaining non-H atoms. All of
the non-H atoms were refined with anisotropic displacement
parameters. All of the H atoms were located in subsequent Fourier
maps and included as isotropic contributors in the final cycles of
refinement. The final full-matrix least-squares refinement converged
to R1 ) 0.0283 and wR2) 0.062 (F 2, all data). The remaining
electron density is located near the Tl site.
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