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ABSTRACT: The rational synthesis of dinuclear asymmetric phosphanido derivatives of palladium and platinum(II),

[NBu, ][ (Rg),M(u-PPh,),M’ (k% N,C-C,3HsN)] (Rp = CiF; M= M’ = Pt, 1; M = Pt, M’ = Pd, 2; M = Pd, M’ = Pt, 3; M= M’ =
Pd, 4), is described. Addition of I, to 1—4 gives complexes [(Rg),M"(u-PPh,)(u-I)Pd"{PPh,(C;;H;N)}] (M =M’ =Pt, 6; M =
Pt, M’ =Pd, 7; M =M’ = Pd, 8; M = Pd, M’ = Pt 10) which contain the aminophosphane PPh,(C,;HN) ligand formed through
a Ph,P/C"N reductive coupling on the mixed valence M(II)—M’(IV) [NBu4][(RF)2MH(/4 PPh,),M""V(i%N,C- C;3HgN)L,]
complexes, which were identified for M" = Pd, M"YV = Pt (9), and isolated for M" = Pt, M'"V = Pt (5). Complex § showed an
unusual dynamic behavior consisting in the exchange of two phenyl groups bonded to different P atoms, as well as a “through

space” spin—spin coupling between ortho-F atoms of the pentafluorophenyl rings.

B INTRODUCTION

Besides the well-established Pd(0)/Pd(II) redox-processes
involved in a variety of palladium-catalyzed transformations
and organic synthesis, Pd(II)/Pd(IV) cycles have been playing
a complementary role in the past years.” "> Moreover, in
addition to oxidation of Pd(II) precursors to Pd(IV)
complexes, the formation of bimetallic PA(III) complexes has
been also reported.>*°">* The formal oxidation state +3 is not
dominant either in platinum and in palladium chemistry, and
although a quite lar§e number of dinuclear derivatives of Pt(III)
are known today,” only few bimetallic Pd(IIT) complexes
have been reported.>*™** In some cases the presence of a true
bimetallic M(III)—M(III) complex or a M(II)-M(IV) one (B
and D, respectively, in Chart 1) is still an open question.***’
In the course of our current research on palladium or
platinum phosphanido derivatives, we have reported the
synthesis of type A (Chart 1) dinuclear complexes
[NBu,J,[(Rg),M(4#-PPh,),M'(Rg),] Re = CeFs, M = M’ =
Pd, Pt; M = Pt, M’ = Pd and their reactions with I, (1:1 molar
ratio) which result in the formation of different types of
complexes depending on the M’ (Pt or Pd) and on the reaction
conditions. The B type diplatinum complex [(Rg),Pt™(u-
PPh,),Pt"(R),]*"* displaying a Pt(II[)—Pt(I) bond is
obtained through this reaction. Presumably, the bridging
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phosphanido ligands prevent the formation of a lantern type
Pt(1IT)—Pt(IlI) compound (Chart 1C), which are by far more
common in the context of Pt** dimers.”>™>* In no case we have
previously observed that the oxidation of a Pt(II)—Pt(II)
phosphanido complex with I, (1:1 molar ratio) occurs only for
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Table 1. *'P{'H} NMR Data of 1-10 in Deuteroacetone with § in ppm, J in Hz
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complex 5P! 5P? 2P, p? Pt P!

1 -107.9 —1189 116 1937
2 —788 —1166 160 1806
3 —95.9 —-111.7 160
4 —58.0 —107.0 204
S —-115.5 —-107.5 126 2032
9 -97.7 —89.1 161
6 —-11.4 142 2 1846
7 55.2 37.5 40 1864
8 66.0 423 36
10 7.9 18.6 2
11 =54 8.7 381

“2pt—Pt = 541 Hz. **JPt—Pt = ca. 100 Hz.
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11
Ipe3 P! !1pt!,p? 1P, p? 5Pt opt?
2810 1646 1320 —3889“ -3717¢
1530 —3909
2658 1213 —3738
1807 2189 1270 —3806° —2917°
1680 1121 —2966
2513 37 4435 —4238 —4397
97 —4315
2542 4307 —4416
3317 nd.

one of the metal centers forming a mixed valence Pt(II)—
Pt(IV) compound (Chart 1D). The heterobinuclear complex
M = Pt, M’ = Pd or the homobinuclear palladium derivative

react with I, (1:1 molar ratlo) forming [NBu,][(Rg),M(u-
PPh,) (u-1)M’ (Rg) (PPh,R;) ]** which can be considered as the
result of the oxidation of the binuclear M(II) to the unstable
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M(III)—M(III) which evolves rapidly, through a PPh,/C.Fs
reductive coupling, to the formation of the M(II)—M(II)
compound. In fact the Pt(III)—Pt(I1I) derivative evolves, in the
presence of I7, to the corresponding Pt(II)— Pt(II) compound
[NBu,][(Rg);Pt(4-PPh,) (4-DPt(Ry) (PPh;R;) ™ (Scheme
1a).

A similar behavior has been observed in the reaction of the
dinuclear neutral co L}t)lexes [(Rg),M(u-PPh,),M’(CH,CN),]
with I, (Scheme 1b).** Addition of I, to these complexes
produces the dinuclear Pt(III)—M(III) complexes
[(Rg),Pt"(y-PPh,),M™L,] (M = Pt, Pd) which evolve to the
tetranuclear platinum and/or palladium(II) complexes [M,(u-
PPh,),(u-1)4(Rg),(PPh,Rg),], through a reductive coupling
between a PPh, and a Ry groups and formation of the PPh,R;
ligand (Scheme 1b).**

In this Article we report on the synthesis of the new
asymmetric dinuclear phosphanido complexes of general
formula [NBu,][(Rg),M(u-PPh,),M’(*,N,C-C;HgN) ] (R =
C¢Fs; C3HgN = benzoquinolinate; M and M’ = Pd or Pt) and
on the reactivity of these cyclometalated complexes with I,.

B RESULTS AND DISCUSSION

Synthesis of [NBu,][(R¢),M(u-PPh,),M'(C"N)] (Ry =
C4F5, C"N = Benzoquinolinate, M = M’ = Pt, 1; M = Pt,
M =Pd, 2, M =Pd, M =Pt, 3; M =M = Pd, 4). The
synthesis of the asymmetric dinuclear derivatives 1—4 was
carried out by reacting cis-Li)[M(Rg),(PPh,),]* with the
binuclear complex [{M’(u-Cl)(C"N)},] (1:0.5 molar ratio) in
THF (Scheme 2). From the corresponding mixtures,
complexes 1—4 were isolated as yellow solids. The mono-
nuclear phosphanido complexes behave as bidentate ligands
causing the splitting of the (u-Cl), bridging system and the
displacement of the halide ligand in the binuclear C"N
containing complex with formation of the asymmetric
complexes 1—4. The complexes were characterized by
elemental analysis, HRMS, and multinuclear NMR spectrosco-
py. The IR spectra of complexes 1—4 in the solid state

confirmed in all cases the presence of the relevant ligands and
do not deserve insights. The HRMS(—) spectrograms of 1—4
showed in all cases intense peaks corresponding to [M]~, with
an isotope pattern superimposable to that calculated on the
basis of the proposed formula.

The *'P{'"H} NMR spectra of 1—4 showed two mutually
coupled doublets (AX spin system) with Pt satellites for
complexes 1—3 (Table 1). The 6P values in 1—4 range from
—58.0 to —118.9 ppm. It has been established that usually the
chemical shift decreases as the atomic number increases from
top to bottom in a triad,**® and in agreement with this, the
chemical shifts increases passing from 1 (Pt,) to 2, 3 (PtPd),
and 4 (Pd,). The chemical shifts of P atoms in M(u-PPh,) .M’
frameworks without metal—-metal bond appear at high field,
and we have observed that 6P in M(u-PPh,)M’ usually appears
at lower field than those of the doubly bridged M(u-PPh,),M’
fragments.*” The value of 5 —58.0 is the highest one found for
M(u-PPh,),M’ systems and is close to those found in
complexes containing single bridging M(u-PPh,)M’ fragments
without metal—metal bond.** The attributions of the coupling
constants between P and Pt were unequivocally made by
comparison of *'P{'H} and "Pt{'H} spectra. As expected on
the basis of the ligand trans to P, the lowest values of the Pt,P
(1320 Hz for 1 and 1213 Hz for 3) were found for the coupling
constants between P and Pt> (P trans to benzoquinolinate C)
while the highest ones (2810 Hz for 1 and 2658 Hz for 3) were
found for the 'JPt3P' (P trans to N).*** The coupling
constants between the P atoms and Pt' in complexes 1—2 range
from 1530 to 1937 Hz.

The "°Pt{'"H} NMR spectra of complexes 1—3 showed
sharp signals for the Pt atoms bonded to benzoquinolinate
(Pt?) and broad multiplets, due to several couplings with
unequivalent 'F nuclei, for the Pt atoms bonded to
pentafluorophenyl rings (Pt'). The chemical shift of the Pt'
was 6 —3889 for 1 and § —3909 for 2, while those of the Pt?
were § —3717 for 1 and 6 —3738 for 3 (Table 1). The geminal
coupling constant between the two Pt atoms in 1 was 541 Hz.
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The “F NMR spectra of complexes 1—4 recorded in
deuteroacetone at 298 K showed in all cases different (often
partially overlapped) signals for the o-F atoms (6 range —110 to
—115 ppm), m-F atoms (6 range —166 to —167 ppm), and p-F
atoms (& range —168 to —169 ppm) of each ring, in agreement
with the inequivalence of the two rings.

The partial overlapping of most homologous signals reflects
the similarity of the environments of the two rings, while the
equivalence of the ortho (and meta) fluorine atoms within each
ring can be explained either by a free rotation about the Pt—C
axis at 298 K or by an adopted conformation in solution having
a mirror plane containing the skeleton of the molecule with the
C¢F; rings perpendicular to this plane.

1D and 2D 'H NMR spectra of 1—4 permitted the full
assignment of all '"H NMR signals. The four "H NMR spectra
are almost superimposable, the main difference being the
resonance of the M'—~N—CHC proton (H2 in the numbering
used in the Experimental Section) which falls at about 8.6 ppm
when M’ was Pt and at about 8.4 ppm when the
benzoquinolinate ligand was bound to Pd. The "“C{'H}
NMR spectra of 1—4 showed clearly all signals due to tertiary
carbons and are reported in the Supporting Information.

Reaction of 1—4 with I,. Complexes 1—4 react with I, (1:1
molar ratio), and the resulting products depended on the
respective starting materials and on the solvent in which the
reactions were carried out (Scheme 3).

In a general procedure, a CH,Cl, solution of I, was added
dropwise to a CH,Cl, solution of the dinuclear complexes
[NBu,][(Rg),M(u-PPh,),M’'(C*N)] in 1:1 molar ratio at
room temperature. For complex 1 the solution was stirred, at
room temperature, for 20 h and by addition of i-PrOH, a
mixture of the Pt(II)—Pt(IV) complexes [NBu,][(Rg),Pt"(u-
PPh,),PtV(C"N)L] (5) and [(Rg),Pt"(u-PPh,)(u-1)-
Pt"{PPh,(C,3HgN)}] (6) was isolated. Complex 5 contains a
Pt(1I) and a Pt(IV) center with a OC-6—42 configuration (only
one isomer of the pair is depicted in Scheme 3), and 6 is a
dinuclear Pt(II)—Pt(I) derivative containing an aminophos-
phane group. The two metal centers are joined by two different
bridging ligands, PPh,™ and I". When the addition of I, to 1
was carried out in acetone, only the Pt(II),Pt(IV) complex §
was obtained, suggesting that 5 might be a precursor of 6 and
that the reductive coupling process is not favored in acetone. In
fact, deuteroacetone solutions of 5 were stable (P NMR
spectroscopy) for two weeks at room temperature whereas
CD,(Cl, solutions of § evolved in the same period of time into a
mixture of 5 and 6 (ca. 70% in 6).

Complexes 2 (M = Pt, M’ = Pd) and 4 (M = M’ = Pd) react
with I, under similar reaction conditions producing only the
aminophosphane complexes [(Rg),M"(u-PPh,)(u-1)-
Pd"{PPh,(C,;HN)}] (M = Pt 7, Pd 8, Scheme 3). In an
attempt to detect a Pt(II),Pd(IV) intermediate we carried out
the addition of I, to complex 2 (1:1 molar ratio) in acetone
solution at low temperature (213 K) obtaining, after
evaporating the solution to dryness, an orange solid. The
3P{'H} NMR spectra in acetone at 213 K and at room
temperature indicated this solid to be a mixture of mainly 7 and
the tetranuclear species [NBu,],[{(Rg),Pt(u-PPh,),Pd(u-1)},],
described previously,* but signals assignable to a Pt(I)—
Pd(IV) intermediate complex were not detected.

Finally, when a CH,Cl, solution of I, was added to a CH,Cl,
solution of [NBu,][ (Rg),Pd(u-PPh,),Pt(C*"N)] (3) (1:1 molar
ratio) and stirred at room temperature for 20 h, and the
resulting solution was evaporated to dryness, a yellow solid was
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isolated. Its *'P{'H} NMR spectrum in acetone indicated that
this solid is a complex mixture of products in which
[NBu,][(Rg),Pd"(4-PPh,),PtV(C"N)L,] (9), [(Rg),Pd"(u-
PPh,) (u-1)Pt'{PPh,(C13HgN)}] (10), and [(Rg)(PPhyRy)-
Pd"(y-PPh,) (u-I)Pt"(C*N)] (11) could be identified (NMR
spectroscopy) but not isolated as pure samples. All attempts to
separate the mixture were unsuccessful.

Crystal Structures of 5'—8. Crystals of $ suitable for X-ray
studies could not be obtained. For this reason, [N(PPh,),]-
[(Rp),Pt"(u-PPh,),Pt"V(C"N)L,] (5’) was prepared through
two steps: (a) synthesis of [N(PPhs),][(Rg),Pt"(u-
PPh,),Pt'(C*N)], 1/, in an analogous procedure than for 1
using [N(PPh,),]Cl instead of NBu,ClO, and (b) the
subsequent addition of I, to 1’. The structures of compounds
5’—8 have been established by X-ray diffraction studies. Figures
1, 2, S1, and S2 show views of the corresponding complexes

Figure 1. View of the molecular structure of the complex anion of
[N(PPh,), ][ (Rg),Pt"(1-PPh, ),PtV(C"N)L,] (5).

and Tables 2, 3, S1, and S2 list their most relevant bond
distances and angles. The crystal structure of §’ confirms its
dinuclear nature, with two platinum atoms bridged by two
diphenylphosphanido ligands. The long intermetallic separation
of 3.572(1) A and the broad values of the Pt—P—Pt angles

Figure 2. View of the molecular structure of the complex [(Rg),Pt" (u-
PPh,) (u-)Pt"{PPhy(C13HgN)} (6).
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Table 2. Selected Bond Lengths (A) and Angles (deg) for [N(PPh;),][(Rg),Pt"(u-PPh,),Pt"(C"N)I1,]-Me,CO-0.25n-C¢H

(5'Me,C0O-0.25n-C¢H,,)

Pt(1)—C(1) 2.044(7) Pt(1)—C(7) 2.064(6) Pt(1)-P(2) 2.2990(18)
Pt(1)—P(1) 2.3033(17) Pt(2)—C(13) 2.058(6) Pt(2)—N(1) 2.138(5)
Pt(2)-P(1) 2.3407(17) Pt(2)—P(2) 2.3837(18) Pt(2)-1(1) 2.6913(5)
Pt(2)-1(2) 2.7556(5)
C(1)-Pt(1)-C(7) 87.8(3) C(1)-Pt(1)-P(2) 96.1(2)
C(7)-Pt(1)-P(2) 175.66(17) C(1)—Pt(1)-P(1) 175.42(19)
C(7)—Pt(1)-P(1) 96.76(18) P(2)—Pt(1)—P(1) 79.38(6)
C(13)—Pt(2)—N(1) 80.6(2) C(13)—Pt(2)—P(1) 94.56(19)
N(1)-Pt(2)-P(1) 172.56(15) C(13)—Pt(2)—P(2) 83.10(18)
N(1)-Pt(2)-P(2) 96.76(15) P(1)-Pt(2)-P(2) 76.93(6)
C(13)-Pt(2)-1(1) 169.66(18) N(1)-Pt(2)-1(1) 90.44(14)
P(1)-Pt(2)-1(1) 94.82(4) P(2)-Pt(2)-1(1) 103.27(4)
C(13)—Pt(2)-1(2) 89.25(18) N(1)-Pt(2)-1(2) 85.17(15)
P(1)—Pt(2)-1(2) 100.52(4) P(2)—Pt(2)-1(2) 171.68(4)
1(1)—Pt(2)-1(2) 84.775(16) Pt(1)—P(1)-Pt(2) 100.53(7)
Pt(1)-P(2)-Pt(2) 99.38(7)
Table 3. Selected Bond Lengths (A) and Angles (deg) for [(Rg),Pt"(u-PPh,)(u-I)Pt"{PPh,(C,;HsN)}] (6)
Pt(1)—C(7) 2.008(7) Pt(1)-C(1) 2.069(7) Pt(1)-P(1) 2.2924(16)
Pt(1)-I 2.6762(6) Pt(2)-N 2.138(5) Pt(2)-P(2) 2.1938(16)
Pt(2)-P(1) 2.2730(16) Pt(2)-1 2.6779(6)
C(7)-Pt(1)—C(1) 88.8(3) C(7)-Pt(1)-P(1) 94.56(18)
C(1)-Pt(1)—P(1) 175.35(19) C(7)-Pt(1)-1 176.08(18)
C(1)-Pt(1)-I 94.31(18) P(1)—Pt(1)-I 82.25(4)
N-Pt(2)—P(2) 85.20(16) N-Pt(2)—P(1) 165.52(17)
P(2)—Pt(2)-P(1) 103.45(6) N-Pt(2)-1 90.88(15)
P(2)—Pt(2)-1 169.07(5) P(1)—Pt(2)-1 82.57(4)
Pt(1)—-1-Pt(2) 74.880(16) Pt(2)-P(1)-Pt(1) 90.95(6)

(100.53(7)° and 99.38(7)°) discard any Pt---Pt interaction. The
environment of Pt(1) is fairly typical for this metal in a formal
oxidation state +2; that is, it lays in the center of a square planar
environment formed by two mutually cis pentafluorophenyl
ligands and the bridging phosphanido groups. On the other
hand, the Pt(2) coordination sphere is octahedral as expected
for a Pt'¥ center. The two iodo ligands are mutually cis, with a
OC-6—42 configuration for Pt(2) (see Figure 1).

Complexes 6—8 are isostructural, with a “cis-M(C4F;),”
fragment (M = Pt in 6 and 7, and M = Pd in 8) and a
“M{PPh,(C,;HgN)}” fragment (M = Pt in 6,and M = Pd in 7
and 8) held together through a double bridge formed by one
iodo and one diphenylphosphanido ligands. Structural param-
eters are very similar in the three complexes (see Tables 3, S1,
and S2) regardless of the nature of the metal. The metal center
of the “cis-M(C¢Fs),” fragment lies in an essentially square
planar environment, while the coordination sphere of the metal
bonded to the aminophosphane group deviates significantly
from planarity. This distortion is probably due to the strain
imposed by the chelating coordination of the PPh,(C,;HgN)
ligand. The three structures confirm the coupling of the original
diphenylphosphanido and benzoquinolinate ligands, with the
formation of a P—C bond. The length of this new bond shows
no appreciable differences with the other P—C(Ph) bonds
formed by this phosphorus atom, P(2). The new chelate ligand
and the metal atom form a non planar six-membered
metallacycle. This is reflected in a distortion in the otherwise
planar benzoquinolinate skeleton, which is warped, with N—
C(25)—C(24)—C(23) torsion angles of 13.7(1)° for 6,
13.5(1)° for 7, and 12.7(1)° for 8. The main difference resides
in the intermetallic distance, which is longer for 6
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(Pt(1)-Pt(2) = 3.255(1) A) and very similar for the other
two complexes (Pt—Pd = 3.081(1) A in 7 and Pd(1)—Pd(2) =
3.078(1) A'in 8). As a related effect, this difference is also found
in the dihedral angle formed by the two planes defined by the
metal centers and the bridging atoms bonded to them (plane
P(1) M(1) I and plane P(1) M(2) I), which is broader in 6
(123.6(1)°) than in 7 or 8 (112.2(1)° in both cases).

Spectroscopic Properties. The NMR features of § were
addressed in detail, as they were valuable for the study of the
dynamic behavior in solution and for the mechanism of
transformation into 6.

The ¥P{'"H} NMR of § showed two doublets centered at &
—107.5 and § —115.5, each flanked by three sets of '*Pt
satellites arising from isotopomers containing one or two Pt
atoms. Dipolar couplings ("H NOESY) between protons of the
benzoquinolinate ligand and protons of the phenyl ring A (i.e,,
one of the phenyls bonded to P2, as indicated by 'H—*'P
HMQC spectrum, Figure 3) permitted to assign the *'P NMR
signal at 6 —107.5 to P2 and, therefore, the 3P NMR signal at 6
—115.5 to P1. Comparison with the '**Pt{'H} NMR spectrum
permitted us to assign the direct Pt—P coupling constants. The
values of 'JPt'—P? and 'JPt'—P! in 5 are 2189 and 2032 Hz,
while those of the two 'JPt(IV)—P were 1270 Hz (‘JPt*—P?)
and 1807 Hz (‘JPt>~P') (Table 1).

Our findings are in accord with literature data: in phosphane
derivatives the Pt—P coupling constants in Pt(IV) derivatives
are about two-thirds of that of the Pt(II) precursors,’>>' and a
value of 1801 Hz has been published for a 'JPt(IV)—P coupling
of a P atom trans to an I ligand in a phosphane derivative of
platinum(IV).>* Although values of 830 and 791 Hz for 'JPt—P
were reported in 1977 for two derivatives which were claimed

dx.doi.org/10.1021/ic301298p | Inorg. Chem. 2012, 51, 12682—12696
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Figure 3. Low-field portion of the '"H—*"P HMQC spectrum of § (400
MHz, C,D,0, 298 K).

to be Pt(IV) u-PH, complexes> a complete structural
characterization of these complexes or subsequent data have
not been reported later. As far as we know, complex $§ is the
first platinum(IV) phosphanido derivative characterized un-
ambiguously.

The '"H NMR features of 5 were obtained by combining data
extracted from 'H-3'P HMQC, 'H-'Pt HMQC, 'H
NOESY, and 'H COSY spectra. The attribution of all signals
is reported in Figure S3 (the numbering of the hydrogen atoms
coincides with that of the carbon atom to which they are
bonded, taken from the solid state structure of §’, Chart 2).

Chart 2. Two Views of Complex 5 Showing the Labels for
the Rings

In particular, the attribution of the ortho protons of the
phenyl rings was made on the basis of the 'H—'P HMQC
spectrum (Figure 3) showing correlations (due to scalar
coupling) between P1 and signals at 5y 8.61 (H33/37) and &y
744 (H27/31) (ortho protons of phenyl rings D and B,
respectively) as well as between P2 and signals at 5y 8.23
(H39/43) and &y 6.50 (H45/49) (ortho protons of phenyl ring
C and A, respectively). '"H NOESY and '"H COSY spectra
permitted us to complete the assignment of all protons of the
four phenyl rings. The attribution of the protons of the
coordinated benzoquinolinate ligand was made on the basis of
the 'H-""Pt HMQC spectrum (Figure 4) from which the
protons scalar coupled to Pt2 could be identified. The analysis
of '"H NOESY and '"H COSY spectra permitted us then to
complete the assignment of all protons of the benzoquinolinate
ligand. Signals due to H23 (§ 10.73), H14 (5 9.63), and H21(6
8.46) are well separated from each other, while the remaining

W15
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| |
il l' [ | ~2920
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Figure 4. Low-field portion of the '"H—"""Pt HMQC spectrum of §
(400 MHz, C;D,0, 298 K).

five signals (H1S, H16, H18, H19, and H22) are partially
overlapped in the region ranging from 6 7.70 to 6 7.63. On
passing from 1 to 5, the 'H NMR signals of the
benzoquinolinate ring trans to I appear significantly shifted to
low fields.

The '"F NMR of § at 200 K showed 10 signals, one for each
of the '°F atoms of the two rings. The inequivalence of the two
rings and of the two halves in each ring indicates that at low T
the rotation of the pentafluorophenyl groups about the Pt—C
bond is slow in the NMR time-scale and the structure in
solution resembles that in the solid state. Combining the results
of YF COSY, YF—'H HOESY, and F NOESY at various T's
permitted us to assign all '’F atoms of 5 as shown in Figure S
(the numbering is that of the solid state structure of 5').
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Figure 5. '°F spectra of 5§ (376 MHz, C;D,0).

At 298 K the signals of the ortho (F1 and FS) and of the meta
(F2 and F4) fluorine atoms of ring E collapse into two very
broad signals centered at 6 —114.6 and 6 —167.2, respectively,
with the five signals of ring F (F6—10) remaining separated
from each other.”® This behavior indicates that, upon increasing
the temperature from 200 to 298 K, ring E rotates (about the
Pt1—Cl1 axis) with a frequency that averages the resonances of
the two halves of the ring. On the other hand, even at 298 K,
ring F rotates very slowly about the Pt1—C?7 axis, so that the o-
F and m-F still appear inequivalent. In accord to this view, the
F EXSY spectrum of § recorded at 298 K (Figure 6) showed
intense cross peaks between the F6 and F10 (the ortho-F of ring
F) as well as between the F7 and F9 (the meta-F of ring F), as a
result of the exchange between the fluorine atoms upon
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Figure 6. Two portions of the '’F EXSY spectrum of § (376 MHz,
C;D(0, 298 K).

rotation. VT '"F NMR spectra for 5 allowed us to calculate the
value of 57 kJ/mol for the activation free energy AG* of
rotation of the E ring of 5.

The attribution of the '°F signals to ring E or F was made on
the basis of the correlations in the "F—"H HOESY spectrum of
5 at 298 K (Figure 7, 7,, = 0.200 s). The “F—'H HOESY
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Figure 7. '"F—'"H HOESY spectrum of 5 (376 MHz, C;D,0, 298 K).

experiment displays correlations deriving from the dinuclear
coupling between fluorine atoms and protons in close spatial
proximity, and in the case of 5 showed cross peaks between
signals at 6 —118.6 and Sy 9.63 (H14) as well as between
signals at 8z —116.4 and &y 8.61 (ortho hydrogens of phenyl
ring D, H33/37, Chart 3). Given that the fluorine atom closest
to H14 is F10, one of the ortho fluorines of ring F (the distance
in the crystal structure of 5’ is 2.79 A) and the fluorine atom
closest to H33/37 is F6 (d = 2.73 A), we interpret these results
admitting that the pentafluorophenyl ring displaying inequiva-
lent ortho- and meta-fluorine atoms even at 298 K (F in Chart
2) is close to the phenyl ring D. These attributions are
corroborated by a weak cross peak also present in the "F—'H
HOESY spectrum of 5 at 298 K between signals at oz —114.6
(F1/5) and &8y 6.50 (ortho hydrogens of phenyl ring A, H4S/
49).

An interesting feature deduced from the '’F COSY spectrum
of 5 at 200 K (or at 273 K) is an intense cross peak between FS
(one of the o-F atoms of ring E) and F10, (one of the o-F
atoms of ring F) (Figure 8). The scalar correlation between
these six bonds away 'F atoms belonging to different
pentafluorophenyl rings in mutually cis position can be
explained in terms of “through space” spin—spin couplings. In
fact, the favorable spatial disposition of FS and F10 (the FS—
F10 distance in the solid state structure of 5 is 2.98 A) may
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Figure 8. '’F COSY spectrum of 5 (376 MHz, C;D(0, 200 K).

facilitate overlap interactions between filled orbitals of the F
atoms, resulting in a no net bonding providing, nevertheless, a
suitable pathway for transmitting spin information between the
coupled nuclei.”*> An analogous “through space” coupling was
observed also for the F1—F6 couple, whose distance in the solid
state structure of §' is 3.13 A. The existence of the “through
space” coupling between FS and F10 (as well as between F1
and F6) is corroborated by the presence, in the "’F EXSY
spectrum of S recorded at 200 K, of weak cross peaks between
ES and F10 (as well as between F1 and F6) confirming the
spatial proximity of such pairs of 'F atoms in solution at low T.
Noteworthy, a weak “through space” coupling between o-F
atoms belonging to different C4F; rings was also observed by
recording the '’F COSY spectrum of 7 in deuteroacetone at
298 K (Figure S4).

The '*Pt{'"H} NMR spectrum of § showed two signals, one
at 6 —3806, and the other at 6 —2917. Of these, that at § —3806
gives peaks broadened by multiple couplings with '°F and is
ascribed to Pt', bonded to pentafluorophenyl rings. The signal
at 5 —2917 is a sharp doublet of doublets ('JPt*~P 1270 and
1807 Hz) and is ascribed to the octahedral Pt*(IV) atom. No
geminal Pt—Pt coupling was visible (the half-height width of
the signals was Av,,, = 50 Hz). The deshielding of the Pt*
(+800 ppm) observed on passing from formal oxidation state
+2 to +4 is in accord to the majority of literature data®® but
contrasts with what is found for the polysilylated compounds
described by Tanaka, for which a strong shielding is observed
upon Pt(I)—Pt(IV) oxidation.®”
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Multinuclear NMR spectra of complexes 6—10 are
conclusive to establish their structure and are in accordance
with the solid state study. All data extracted from the analysis of
the spectra are collected in Table 1. For the aminophosphane
complexes 6—8 and 10, P> atoms appear at lower-field than
those in the starting materials 1—4, as a consequence of the
transformation of the diphenylphosphanido ligand involved in a
four-membered ring into an aminophosphane ligand,
PPh,(C"N). Expectedly, the 'JPt—P* values of 6 and 10 are
larger, 4435 and 4307 Hz. It is well established that the P
signals of “M(u-PPh,)(u-X)M” (X = Cl, Br, I, OH) fragment in
a saturated phosphanido bridged complex (without M—M
bond) appear low-field shifted respect to the fragment M(u-
PPh,),M in a saturated platinum or palladium derivative. >
This is true for P! in 6—8 and 10 (see Table 1) compared with
1—4. In the literature +50 ppm is considered roughly as the
lowest limit of OP for the phosphanido group involved in four-
membered rings in complexes without metal—metal bonds.*>
The values of 5P* found for 7 and 8 (55.2 and 66.0 ppm) lie at
the lower limit of this range, and *JP'—P?* values are much
smaller in 6 and 10 (2 Hz) than in 7 and 8 (40 and 36 Hz,
respectively). It is also to note that the coupling of the P atom
of the phosphane ligand with the Pt' center bonded to the C4Fs
groups, 3JPt'—P?, is observed, and this value is larger in the Pt—
Pd complex 7 (97 Hz) than in the Pt—Pt one 6 (37 Hz). These
three facts suggest some differences between 7, 8 and 6, 10
which may be related to the slightly smaller intermetallic
distance in 7 and 8 with respect to 6, as mentioned before.

The '"F NMR spectra of 6—8 show three signals (2:2:1
intensity ratio) for each pentafluorophenyl ring, in agreement
with the inequivalence of the two C4Fs groups, and indicate
that in solution the two halves of each ring are equivalent, due
to free rotation about the C—M bond. For 6—8, one C4F; ring
rotates faster than the other, as evidenced by the difference in
sharpness of the corresponding '"F NMR signals. It is
conceivable that the C Fj ring cis to the bridging iodide suffers
from less sterical hindrance than the C4Fs ring cis to the
bridging diphenylphosphanide, thus rotating relatively faster
and giving sharper '°F NMR signals.

For the Pd(II)-Pt(IV) complex 9 analogous to 5 the
bridging phosphanide *'P resonances were found at § —97.7
(P') and 5 —89.1 (P?) while the direct P—Pt coupling contants
were 1121 Hz (JPt—P*) and 1680 Hz ('JPt—P') (Table 1).
The Pt NMR signal of 9, obtained from the TH-195p¢
HMQC spectrum recorded on the mixture of 9, 10, and 11,
was found at & —2966.

The identification of 11 from the NMR data as [(Rg)-
(PPh,Rg)Pd"(1u-PPh,) (u-I)Pt"(C*N)] was easily achieved by
comparing its spectra with the corresponding ones of the
analogous [NBu,][(Rg)(PPh,R;:)Pd" (4-PPh,) (u-1)Pt"(Rg), ],
prepared earlier in our laboratories.” The assignment of the
Pt—N bond in trans position to the phosphanido group and not
to the I ligand was made on the basis of the large value of 'JPt—
P' (3317 Hz) extracted from the spectrum. In this case, the ’F
NMR is also conclusive because signals due to the PPh,C4F;
group appear in the spectrum well separate from those of Pd—
CyF,. 2494963765 VE NMR data are given in the Experimental
Section. The '**Pt NMR signal for complex 10 was found at &
—4416, by 'H—'""Pt HMQC experiments recorded on the
mixture of 9, 10, and 11.

Mono- and bidimensional 'H NMR spectra of 6—8
permitted the full assignment of all '"H NMR signals. In these
three cases the spectra display a similar pattern, and eight well
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separated signals are observed for the C"N part of the
aminophosphane ligand. As a consequence of the formation of
the P—C bond, the couplings between the P* atom and the
hydrogen atom are observed in four of the eight signals. To
distinguish the homonuclear from the heteronuclear scalar
coupling "H{*'P} NMR experiments for complexes 6—8 were
recorded. The data so obtained are reported in the
Experimental Section.

B DISCUSSION

The dinuclear Pt(II),Pt(IV) complex S is the result of the
oxidative addition of I, to one of the platinum centers, the one
containing the C*N ligand, in the dinuclear Pt(II),Pt(II)
derivative 1. In the oxidative addition of L, it is accepted that I,
is usually activated heterolytically in an Sy2-like process,®"*®
which in the case of complex 1 could initially consist of the
formation of the #'-I, adduct A®” (Scheme 4) followed by
iodine dissociation and formation of the square pyramidal
Pt(IV) intermediate B. The unsaturated intermediate B can

Scheme 4
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then rearrange via pseudorotation to the trigonal bipyramid
intermediate C which, in turn, could uptake the anion I” giving
complex § as a result of the formal cis-addition (Scheme 4).
Obtaining the aminophosphane species 6 by leaving S in
dichloromethane (or by carrying out the iodination of 1 in
CH,Cl,) can be explained by the pathway shown in Scheme S.
Insertion of P? onto the Pt—C bond could give intermediate E,
having a five-coordinate Pt*. Intermediate E may then undergo
iodide dissociation to give F, which affords 6 upon rupture of
the P>—Pt' bond, rotation about the P'—Pt*-~N axis, and
bridging coordination of the iodide bonded to Pt*. Given that
the reaction rate for a dissociative process is inhibited by the
addition of an excess of the leaving group, we monitored by *'P
NMR the transformation of § into 6 in dichloromethane, with
and without $ equiv of (NBu,)I. While the conversion of § into
6 was 25% after 64 h in the absence of external iodide, the
solution containiné% 5 and (NBu,)I showed, after the same time,
only signals of 5.°°The geometry of the five-coordinate Pt* in
intermediate E could be in principle either trigonal bipyramid
or square based pyramid. The analysis of the dynamics in
solution of complex § revealed indicative in order to
discriminate between the two geometries, favoring the square
based pyramide one (vide infra). The 'H EXSY spectrum of 5
at 298 K in deuteroacetone showed cross peaks between the
signals at 6 6.05, 6.45, 6.50 with those at 0 6.85, 7.15, 7.44,
respectively (Figure SS), indicating an exchange between the
phenyl rings A and B, bonded to two different P atoms (A is
bonded to P2 while B is bonded to P1). No evident exchange
between protons belonging to C and D rings was observed,
thus excluding the exchange of the two entire diphenylphos-
phanide groups. Such circumstance was confirmed by the
absence of cross peaks in the *'P{'H} EXSY spectra of 5 at 298
K, recorded at various mixing times (from 0.100 to 0.800 s).

The observed exchange of rings A and B is not immediately
rationalizable as it supposedly requires the shift of the phenyl
ring A originally bonded to P2, first onto the Pt(IV) atom, and
then onto P1, leaving fixed the P atoms. However, given that
carbon insertion into u-PPh,—Pt bonds is not uncommon in
diphenylphosphanido bridged Pt or Pd com-
plexes™ #4977 4nq that the systems under study do
undergo such process in the reactions from 1—4 to 6—8 and
10, we propose the mechanism reported in Scheme 6 to
rationalize the observed 'H NMR exchange. The fact that only
rings A and B are involved in the exchange suggests that the
dynamic process concerns only the half of the molecule
containing the benzoquinolinate ligand, ring A and ring B
(Chart 2).

Thus, as proposed in Scheme S for the 5 to 6 conversion,
insertion of P onto the Pt*~C bond in 5§ can give species E
(Scheme 6). In acetone, species E may reform $ by breaking of
the P—C”N bond and formation of the Pt—C"N bond, or can
give G by breaking of the P—Ph, bond and formation of the
Pt—Ph, bond. The P—Ph; bond cannot be involved in this
process due to its unfavorable position that renders unlikely the
shift of Ph to the apical coordination site of Pt(IV) (at least in
a concerted way). The Ph, bonded to Pt(IV) in G may migrate
onto P' to give species H in which the pentacoordinated P’ is
bonded to three phenyl groups and the free coordination site
on Pt is occupied by acetone. At this point, H may undergo
breaking of the P—Ph, bond or of the P—Phy bond (but not of
the P—Phy, bond) and formation of the Pt—Ph bond to give G
or J, respectively. The path opposite to that which led from § to
H can thus give first K and then L (identical to E and §,
respectively, but with exchanged phenyl rings A and B). In the
light of this finding, the square based pyramid geometry of the

five-coordinate Pt* in complex E is the only one allowing the
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exchange process involving phenyl rings A and B (with C and
D rings not being exchanged).”"’>7*77¢

The mechanisms outlined in Schemes 5 and 6, besides
explaining the S to 6 conversion and the observed exchange of
phenyl rings A and B, may also account for the role of the
solvent in the reactivity of 1 toward I,. In fact, admitting that
the stability of the intermediate E (which is anionic) increases
with the polarity of the solvent, we can envision that species E
slowly transforms into F (giving eventually 6, Scheme S) when
the reaction is carried out in dichloromethane, whereas E
isomerizes into G to start the exchange process depicted in
Scheme 6 when dissolved in acetone.

The exchange between phenyl rings bonded to two different
P atoms was observed ('H EXSY in deuteroacetone at 298 K of
the mixture containing a great amount of 9) also for complex 9,
the Pd—Pt analogue of §.

Examples of polynuclear complexes in which the phosphane
ligand adopts a u*-PR, coordination mode are well-known.”” %
These complexes that show a pentacoordinated P atom provide
a structural model as reaction intermediates in the oxidative
addition processes of the P—C bond to a metal center to form
phosphanido derivatives. In this work, species E, H, and K
(Scheme 6) are proposed as intermediates in the inverse
process: from phosphanido to a phosphane derivative.

The reaction products between equimolar amounts of 2 and
I, in acetone at 213 K afforded, as mentioned before, 7 and
[NBu,],[{(Rg),Pt(u-PPh,),Pd(u-1)},]. The presence of the
tetranuclear derivative of platinum and palladium(II) showing
the “Pt(u-PPh,),Pd” fragment is explainable with a C-I
reductive elimination from the Pd(IV) system in an
intermediate similar to S. In addition, the reactions of 1 or 4
with I, did not produce in any case complexes containing the
PPh,C¢Fs ligand, which could be the result of a P—CF;
reductive coupling, but only compounds with the P—C"N
ligand. This fact suggests that the initial oxidative addition takes
place in the metal fragment which is bonded to the
benzoquinolinate ligand, in accord to the mechanism shown
in Scheme 4. Considering that the reaction of 1 (Pt—Pt) with I,
in CH,ClI, permitted us to isolate the oxidized complex 5, and
the aminophosphane derivative 6, while only the amino-
phosphane derivative is obtained in the reaction of the
homologous Pd—Pd derivative 4 with I, in the same conditions,
it seems clear that the reductive coupling is faster on palladium
derivatives. This result is not unexpected and parallels what was
found for the addition of I, to complexes [NBu,],[(Ry),Pt(u-
PPh,),M(R;),] (M = Pt, Pd). In these cases the isolated
complexes [NBu,][(Rg),Pt(4-PPh,)(u-I)M(Rg)(PPh;Rg)]
contained the ligand PPh,Rg, as a consequence of a PPh, and
C¢Fs reductive coupling, but only for M = Pt the intermediate
dinuclear Pt(III)—Pt(III) was observed and isolated. In
complex 2 the C"N chelate ligand is bonded to a palladium
center, the platinum atom is bonded to the C4F; groups, and
the oxidative addition occurs only on the palladium center.
Finally, complex 3 shows the C*N chelate ligand bonded to a
platinum center and the palladium atom bonded to the CgF;
groups and the identification of the complexes 9, 10, and 11
after reacting 3 with I, indicates that the oxidative addition of I,
takes place in all likelihood on both metal centers. The
oxidative addition to the Pt(Il) center could produce 9 and 10
while the oxidative addition to Pd(II), and the subsequent
reductive coupling of the PPh, and CF; groups on the
intermediate and unstable Pd(IV) complex, could produce
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complex 11 with the PPh,C¢Fs ligand coordinated to the
Pd(II) center.

Interestingly, although formation of C—C and C-X (X =
halogen) bonds from M(IV) derivatives (M = Pt, Pd) is now
well documented,” ™ in our case the reductive coupling
between a phosphanido bridge and the cyclometaled C,N
ligand, with P—C bond formation, is observed.

It is worth commenting that the phosphanido ligands have
been widely used as building blocks for the synthesis of a great
variety of polynuclear palladium and platinum complexes due
to their flexibility and to the stability of the M—P bonds, both
facts being the main reasons of the retention of the polynuclear
fragment M(u-PR,) M’ (M, M’ = Pd, Pt) during the chemical
reactions of phosphanido complexes.%’87 However, nowadays,
examples in which the polynuclear fragment M(u-PR,)M’
evolves, 99988792 4 the phosphanido ligand is transformed
into another 1igeand42f%49’64’69_7 93795 or is coordinated in a
nonclassical bonding mode,*”**~** have already been reported.
The process that produces 6 from 1 is the transformation of a
phosphanido bridging ligand and a C*N chelate ligand into an
aminophosphane group through a reductive coupling induced
by oxidation. The formation of aminophosphane ligands had
already been reported through a reductive elimination process
on palladium(Il) complexes leaving Pd(0) substrates.' %!

B CONCLUDING REMARKS

The asymmetric homo- or heteronuclear complexes 1—4,
[NBu,][(Rg),M(u-PPh,),M’(C,3HgN)], were prepared by the
adequate reactions of Li,[M(Rg),(PPh,),] with [{M’(u-
Cl)(C*N)},]. The addition of I, to these complexes resulted
in the formation of a different type of complexes, the nature of
which is mainly dependent on the type of binuclear compound
used. In the case of the homodinuclear derivative 1, M = M’ =
Pt, it was possible to isolate the dinuclear Pt(II),Pt(IV)
complex [NBu,][(Rg),Pt"(u-PPh,),Pt"V(C"N)L,] carrying out
the reaction in acetone. For the other starting materials (2—4)
and also for 1 when the reaction is carried out in CH,Cl,, the
resulting compounds are M(II),M’'(II) complexes which
contain PPh,—C;HgN ligand as a result of the reductive
coupling between a PPh, group and the benzoquinolinate
ligand with formation of a P—C bond. The new resulting ligand
remains coordinate chelated to one of the metal centers.

It seems also clear that the reductive coupling induced after
addition of I, is faster on the palladium than on the platinum
complexes and that it is also preferred on the metal center
bonded to the C"N ligand than on the metal center bonded to
the two C4Fs groups.

The identification of 9—11 obtained from 3 indicates that the
oxidative addition of I, on the Pd center bonded to two
pentafluorophenyl groups competes with the addition on the Pt
center bonded to the C"N ligand.

It is also remarkable that while the oxidative addition of I, to
these unsymmetrical complexes results initially in the formation
of mixed-valence M(II),M’(IV) complexes (in some cases very
unstable), the reaction of I, with the symmetric complexes
[NBu,],[(Rp),M(u-PPh,),M’(R;),] results in the formation of
M(III)—M'(III) derivatives.

Finally, in addition to the two well-known characteristics of
phosphanido ligands frequently discussed since the chemistry
of phosphanido complexes flourished (their flexibility, which
allows them to support a great variety of structural situations,
and the stability of M—P bond) a third characteristic has to be
added today, the ability of the diphenylphosphanido group as a
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very versatile ligand capable of stabilizing complexes of
palladium or platinum in very different oxidation states: I, II,
111, and IV.

B EXPERIMENTAL SECTION

General Comments. C, H, and N analyses were performed with a
Perkin-Elmer 2400 analyzer. IR spectra were recorded on a Perkin-
Elmer Spectrum 100 FT-IR spectrometer. NMR spectra in solution
were recorded on a Bruker AV 400 spectrometer with SiMe,, CFCL,,
85% H,PO,, and aqueous [PtCls]*™ as external references for 'H, '°F,
3P, and 'Pt, respectively. The signal attributions and coupling
constant assessment was made on the basis of a multinuclear NMR
analysis of each compound including, besides 1D spectra, 'H COSY,
IH NOESY, 'H-*'P HMQC, 'H-'"Pt HMQC, '°F COSY, "H—'H
HOESY, and '°F NOESY experiments. Literature methods were used
to prepare the starting materials cis-[M(Rg),(PPh,H),], M = Pd, Pt*
and [{M(u-C1)(C*N)},], M = Pd,'%* pt.'®

Synthesis of [NBu,][(R¢),M(u-PPh,),M'(C"N)l. M = M’ = Pt, 1.
To a colorless solution of cis-[Pt(C¢Fs),(PPh,H),] (0.601 g, 0.667
mmol) in THF (10 mL) at —78 °C was added n-butyllitium (2.5 M in
hexanes, 0.54 mL, 1.35 mmol) under an argon atmosphere. The
resulting yellow solution was stirred for 15 min, and [{Pt(u-
Cl)(C"N)},] (0273 g 0.334 mmol) was added. The suspension
was allowed to reach room temperature, stirred for 20 h, and
evaporated to dryness. CH,Cl, (25 mL) was added to the resulting
residue, and a solid was filtered through Celite. The CH,Cl, solution
was evaporated to dryness, and the residue was dissolved in "PrOH
(ca. 30 mL). NBu,ClO, (0.228 g, 0.667 mmol) was added to the
solution, and 1 crystallized as a yellow solid, which was filtered, washed
with "PrOH (3 X 1 mL), and dried, 0.873 g, 86% yield. Found: C,
51.35; H, 4.44; N, 1.93. C4sF HgN,P,Pt, requires C, 51.52; H, 4.26;
N, 1.85. HRMS(—), exact mass for the anion [C,H,sF;(NP,Pt,]:
1272.0835. Measured m/z: 1272.0823 (M)".

3P{'H} NMR (161 MHz, 298 K, (CD,),CO): § —107.9 (d, *JP,P =
116 Hz, JP1,Pt2 = 2810 Hz, 'JP1,Ptl = 1937 Hz, P1), —118.9 (4,
YJP,P = 116 Hz, 'JP2,Pt2 = 1320 Hz, JP2,Ptl = 1646 Hz, P2).

F NMR (376 MHz, 298 K, (CD;),CO): § —113.9 (m, 4 o-F,
SJPtF = ca. 330 Hz), —167.4 (ddd, 2 m-F, 3JF,F = 25 Hz, }JE,F = 20
Hz, SJE,P = 9 Hz), —166.7 (2 m-F, ddd, 2 m-F, *JF,P = 25 Hz, *JF,F =
20 Hz, JF,P = 11 Hz), —169.1 (t, 1 p-F, >JF,F = 20 Hz), —169.2 (t, 1
p-F, ’JEF = 20 Hz) ppm.

'"H NMR (400 MHz, 298 K, (CD;),CO): 8.66 (m,1H, H2), 8.45
(dd, 1H, 3JH,H = 8.0, /H,H = 1.0 Hz, H4), 7.96 (m, 4H, 0-Ph bonded
to P1), 7.85 (m, 4H, o-Ph bonded to P2), 7.82 (d, 1H, *JH,H = 8.8 Hz,
H6), 7.68 (d, 1H, 3JH,H = 8.8 Hz, H5), 7.51 (dd, 1H, °JHH = 7.8 Hz,
“THH = 0.6 Hz, H7), 7.30 (d, 1H, ¥JH,H = 8.0 Hz, H3), 7.29 (d, 1H,
SJHH = 7.9 Hz, H9), from 7.20 to 7.03 (m, 13 H, overlapped m-Ph +
p-Ph + H8), 349 (m 8H, NBu,"), 1.87 (m 8H, NBu,"), 148
(pseudosextet, 8H, *JH,H = 7.4 Hz, NBu,"), 1.02 (t, 12H, */JH,H = 7.4
Hz, NBu,*) ppm.

95p{'H} NMR (86 MHz, 298 K, (CD;),CO): § —3717 (dd,
IPt2,P2 = 1320 Hz, YJPt2,P1 = 2810 Hz, }JPt,Pt = 541 Hz, Pt2), §
—3889 (m, 'JPt1,P2 = 1646 Hz, JPt1,P1 = 1937 Hz,Ptl).

M = Pt, M' = Pd, 2. Complex 2 was prepared similarly from cis-
[Pt(C4F;),(PPh,H),] (1.000 g, 1.110 mmol), n-butyllitium (2.5 M in
hexanes, 0.89 mL, 2.22 mmol), [{Pd(u-Cl)(C"N)},] (0.355 g, 0.555
mmol), and NBu,ClO, (0.380 g, 1.110 mmol) as a yellow solid, 1.177
g, 74% yield. Found: C, 54.49; H, 4.41; N, 1.89. CyF oHg,N,P,PdPt

requires C, 54.72; H, 4.52; N, 1.96. HRMS(—), exact mass for the
anion [C,gH,eF,NP,PdPt]™: 1184.0240. Measured m/z: 1184.0366
M)~

3p{'H} NMR (161 MHz, 298 K, (CD,),CO): 6 —78.8 (d, *JP,P =
160 Hz, }JP1,Pt2 = 2648 Hz, P1), —116.6 (d, JP,P = 160 Hz, }JP2,Pt1
= 1530 Hz, P2).

F NMR (376 MHz, 298 K, (CD;),CO): 6 —113.8 (m, 4 o-F,
3JPtF = ca. 330 Hz), —167.4 (ddd, 2 m-F, ’JF,F = 25 Hz, *JE,F = 20
Hz, SJE,P = 9 Hz), —167.7 (2 m-F, ddd, 2 m-F, *JE,P = 25 Hz, }JF,F =
20 Hz, ’JF,P = 10 Hz), —169.17 (t, 1 p-F, }JEF = 20 Hz), —169.24 (t,
1 p-F, ¥JFF = 20 Hz) ppm.

'"H NMR (400 MHz, 298 K, (CD,),CO): 8.41 (dd, 1H, 3/HH =
8.0, ¥H,H = 1.0 Hz, H4), 8.36 (m,1H, H2), 7.93 (m, 4H, 0-Ph bonded
to P1), 7.82 (d, 1H, *JH,H = 8.6 Hz, H6), 7.79 (m, 4H, 0-Ph bonded
to P2), 7.70 (d, 1H, 3JH,H = 8.6 Hz, H5), 7.50 (d, 1H, 3JHH = 7.3 Hz,
H7),7.27 (d, 1H, ¥JH,H = 7.9 Hz, H3), 7.26 (d, 1H, }JH,H = 7.9 Hz,
H9), from 7.17 to 7.00 (m, 13 H, overlapped m-Ph + p-Ph + H8), 3.49
(m 8H, NBu,"), 1.87 (m 8H, NBu,*), 1.48 (pseudosextet, 8H, *JH,H
= 7.4 Hz, NBy,"), 1.02 (t, 12H, *JH,H = 7.4 Hz, NBu,*) ppm.

95pt{'H} NMR (86 MHz, 298 K, (CD;),CO): § —3909 (m,
IPt1,P2 = 1530 Hz, 'JPt1,P1 = 1806 Hz, Ptl).

M = Pd, M" = Pt, 3. Complex 3 was prepared similarly from cis-
[Pd(C¢Fs),(PPh,H),] (0.400 g, 0.492 mmol), n-butyllitium (2.5 M in
hexanes, 0.39 mL, 0.98 mmol), [{Pt(u-CI)(C"N)},] (0.201 g, 0.246
mmol), and NBu,ClO, (0.168 g, 0.492 mmol) as a yellow solid, 0.463
g, 66% yield. Found: C, 54.52; H, 4.63; N, 1.90. CsF,,Hg,N,P,PdPt
requires C, 54.72; H, 4.52; N, 1.96. HRMS(—), exact mass for the
anion [C,gH,sF,NP,PdPt]™: 1184.0240. Measured m/z: 1184.0334
M)~

3p{'H} NMR (161 MHz, 298 K, (CD;),CO): § —=95.9 (d, JP,P =
160 Hz, }JP1,Pt2 = 2658 Hz, P1), —111.7 (d, }JP,P = 160 Hz, 'JP2,Pt1
= 1213 Hz, P2).

F NMR (376 MHz, 298 K, (CD;),CO): § —110.7 (m, 4 o-F),
—166.3 (ddd, 2 m-F, }JE,F = 27 Hz, ¥JFF = 20 Hz, °JF,P = 10 Hz),
—166.6 (2 m-F, ddd, 2 m-F, 3JF,P = 27 Hz, }JF,F = 20 Hz, JJF,P = 12
Hz), —168.0 (t, *JE,F = 20 Hz, 2 p-F overlapped) ppm.

'H NMR (400 MHz, 298 K, (CD;),CO): 8.62 (m,1H, H2), 8.45
(dd, 1H, *JH,H = 7.9, “/H,H = 1.3 Hz, H4), 7.94 (m, 4H, 0-Ph bonded
to P1), 7.84 (m, 4H, 0-Ph bonded to P2), 7.83 (d, 1H, *JH,H = 8.8 Hz,
H6), 7.68 (d, 1H, }JH,H = 8.8 Hz, HS), 7.52 (d, 1H, *JHH = 7.8 Hg,
H7), 7.26 (d, 1H, 3JH,H = 8.0 Hz, H3), 7.25 (d, 1H, 3JH,H = 8.2 Hg,
H9), from 7.18 to 7.03 (m, 13 H, overlapped m-Ph + p-Ph + H8), 3.49
(m 8H, NBu,"), 1.87 (m 8H, NBu,*), 1.48 (pseudosextet, 8H, *JH,H
= 7.4 Hz, NBu,"), 1.02 (t, 12H, ¥)HH = 7.4 Hz, NBu,") ppm.

95pt{’H} NMR (86 MHz, 298 K, (CD;),CO): § —3738 (dd,
YPt,P2 = 1213 Hz, 'JPt,P1 = 2658 Hz).

M = M’ = Pd, 4. Complex 4 was prepared similarly from cis-
[Pd(C4F;),(PPh,H),] (0.432 g, 0.534 mmol), n-butyllitium (2.5 M in
hexanes, 0.43 mL, 1.07 mmol), [{Pd(u-Cl)(C"N)},] (0.170 g, 0.267
mmol), and NBu,ClO, (0.183 g, 0.534 mmol) as a yellow solid, 0.509
g, 72% yield. Found: C, 58.06; H, 4.80; N, 2.11. CgFjoHe,N,P,Pd,
requires C, 58.35; H, 4.82; N, 2.09. HRMS(—), exact mass for the
anion [C,oH,3F(NP,Pd,]™: 1095.9637. Measured m/z: 1095.9626
M)~

SIP{'H} NMR (161 MHgz, 298 K, (CD,),CO): § —58.0 (d, *JP,P =
204 Hz, P1), —107.4 (d, ¥JP,P = 204 Hz, P2).

YE NMR (376 MHz, 298 K, (CD;),CO): § —110.5 (m, 4 o-F),
—166.3 (ddd, 2 m-F, }JE,F = 27 Hz, ’JFF = 20 Hz, 5JF,P = 10 Hz),
—166.6 (2 m-F, ddd, 2 m-F, }JF,P = 27 Hz, *JF,F = 20 Hz, 5JF,P = 12
Hz), —168.0 (t, ’JF,F = 20 Hz, 2 p-F overlapped) ppm.

'"H NMR (400 MHz, 298 K, (CD,),CO): 8.40 (dd, 1H, /H,H =
8.2 Hz, /HH = 0.9 Hz, H4), 8.35 (m, 1H, H2), 7.92 (m, 4H, 0-Ph
bonded to P1), 7.82 (d, 1H, *JH,H = 8.6 Hz, H6), 7.78 (m, 4H, o-Ph
bonded to P2), 7.70 (d, 1H, *JH,H = 8.6 Hz, HS), 7.50 (d, 1H, *JHH
= 7.6 Hz, H7), 7.25 (d, 1H, *JH,H = 8.0 Hz, H9), 7.24 (4, 1H, ’JH,H
= 7.9 Hz, H3), from 7.16 to 6.99 (m, 13 H, overlapped m-Ph + p-Ph +
H8), 3.49 (m 8H, NBu,"), 1.87 (m 8H, NBu,"), 1.48 (pseudosextet,
8H, *JH,H = 7.4 Hz, NBu,*), 1.02 (t, 12H, *JH,H = 7.4 Hz, NBu,")
ppm.
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Addition of I, to 1. To a yellow solution of 1 (0.180 g, 0.118 mmol)
in acetone (20 mL) was added I, (0.030 g, 0.118 mmol) in acetone
(10 mL) dropwise. The solution was stirred at room temperature for
3.5 h, and the resulting red solution was evaporated to ca. 1 mL. i-
PrOH (10 mL) was added, and S crystallized as a yellow solid which
was filtered, washed with i-PrOH (2 X 1 mL), and air-dried, 0.175 g,
84% yield. Found: C, 43.73; H, 3.61; N, 1.63. CgFoHg,LN,P,Pt,
requires C, 44.13; H, 3.65; N, 1.58. HRMS(—), exact mass for the
anion [C,H,sF 0LP,Pt,]™: 1525.8924. Measured m/z: 1525.8911
M)~

[NBu,ll(R),Pt(i-PPh,),Pt(C*N)I,] (5). 3'P{'H} NMR (161 MHz,
298 K, (CD;),CO): § —107.5 (d, >JP,P = 126 Hz, 'JP2,Pt2 = 1270 Hg,
JP2,Pt1 = 2189 Hz, P2), —115.5 (d, ¥JP,P = 126 Hz, JP1,Pt2 = 1807
Hz, YJP1,Ptl = 2032 Hz, P1).

F NMR (376 MHz, 298 K, (CD;),CO): § —114.6 (very broad,
2F, F1+FS), —116.4 (1F, 3JPtF = 335 Hz, F6), —118.6 (1F, }JPtF =
267 Hz, F10), —165.1 (1F, F9), —166.8 (t, 1 F, JFF = 19 Hz, F3),
—166.9 (t, 1 F, *JF,F = 20 Hz, F8), from —167.0 to —166.3 (m, 3 F, F7
+ F2 + F4) ppm.

F NMR (376 MHz, 200 K, (CD;),CO): § —113.9 (IF, JPt,F =
302 Hz, F5), —116.2 (1F, }JPtF = 237 Hz, F1), —116.9 (1F, }JPtF =
230 Hz, F6), —119.1 (1F, }JPt,F = 252 Hz, F10), —163.9 (1F, F9),
—165.2 (t, 1F, *JE,F = 20 Hz, F3), —165.3 (t, 1F, *JF,F = 20 Hz, F8),
—165.7 (1F, F7), —165.9 (1F, F2), —166.2 (1F, F4) ppm.

'"H NMR (700 MHz, 298 K, (CD,),CO): § 10.73 (d, 1H, JH,H =
5.2 Hz, H23), § 9.64 (m, 1H, 3JH,Pt = 39 Hz, H14), § 8.61 (dd, 2H,
SJHH = 7.2 Hz, ’JH,P = 11.3 Hz, H33/37), 6 8.46 (dd, 1H, yHH =
1.3, 3JH,H = 7.8, H21), § 8.23 (dd, 2H, *JH,H = 7.7 Hz, JH,P = 10.6
Hz, H 39/43), 6 7.69 (d, 1H, }JH,H = 8.7 Hz, H18), § 7.66 (partially
overlapped dd, 1H, ¥JH,H = 5.2 Hz, ’JH,H = 7.8, H 22), § from 7.66
to 7.64 (m, 3H, H 15 + HI6 + H19), 5 7.4 (broad m, 2H, H 27/31),
5731 (d, 1H, *JH,H = 7.2, H 35), § 7.29 (pseudo t, 2H, *JH,H = 7.2
Hz, H 34/H36), 6 7.26 (d, 1H, *JH,H = 7.2, H41), § 7.21 (pseudo t,
2H, 3JH,H = 7.7 Hz, H 40/H42), 6 7.15 (t, 1H, 3JH,H = 7.1, H 29), §
6.85 (pseudo t, 2H, JHH = 7.6 Hz, H 28/H30), § 6.50 (dd, 2H,
SJHH = 8.3 Hz, }JH,P = 10.0 Hz, H 45/H49), 6 6.45 (t, 1H, ’JH,H =
7.2, H47), § 6.05 (pseudo t, 2H, 3JH,H = 7.4 Hz, H 46/H48), 3.47 (m,
8H, NBu,"), 1.84 (m, 8H, NBu,"), 1.45 (pseudosextet, 8H, *JH,H =
7.4, NBu,"), 0.97 (t, 12H,’ JH,H = 7.4, NBu,") ppm.

95pt{’H} NMR (86 MHz, 298 K, (CD;),CO): § —2917 (dd,
JPt2,P2 = 1270 Hz, 'JPt2,P1 = 1807 Hz, *JPt,Pt = 100 Hz, Pt2), §
—3806 (broad, Ptl).

To a yellow solution of 1 (0.281 g, 0.185 mmol) in CH,Cl, (20
mL) was added dropwise I, (0.047 g, 0.185 mmol) in CH,CI, (10
mL). The solution was stirred at room temperature for 20 h, and the
resulting orange solution was evaporated to ca. 1 mL. i-PrOH (10 mL)
was added, and a yellow solid crystallized which was filtered, washed
with i-PrOH (2 X 1 mL), and air-dried, 0.231 g. The solid was
characterized by NMR spectroscopy as a mixture of § and 6. The
analysis of solids obtained from different preparations showed about
20—-25% of 6 in the mixtures. A 0.202 g portion of a mixture was
dissolved in 1 mL of CH,Cl, and passed through a silica column (3
cm? X 15 cm) with CH,Cl, as eluent, and the CH,Cl, solution was
evaporated to ca. 1 mL. n-Hexane (10 mL) was added, and 6
crystallized as a yellow solid, 0.085 g. Found: C, 41.77; H, 2.01; N,
1.01. C,F ;H,INP,Pt, requires C, 42.04; H, 2.02; N, 1.00.
HRMS(+), exact mass for [C,H,sF;oNP,Pt]: 1398.9868. Measured
m/z: 1421.9502 (M + Na)™.

[(Rp),Pt(u-PPh,) (u-1)Pt{PPh,(C,3HgN)}1 (6). 'P{'"H} NMR (161
MHz, 298 K, (CD;),CO): § —11.4 (d, ¥JP,P = 2 Hz, }JP1,Pt2 = 2513
Hz, }JP1,Ptl = 1846 Hz, P1), 142 (d, }JP,P = 2 Hz, 'JP2,Pt2 = 4435
Hz, 3]I’Z,Ptl = 37 Hz, P2) ppm.

F NMR (376 MHz, 298 K, (CD;),CO): § —115.2 (m, 2F, 3JPt,F
= 330 Hz, F1/5), —117.3 (m, 2F, 3JPtF = 536 Hz, F6/10), —165.2 (t,
1F, ’JE,F = 19 Hz, F3), —166.2 (ddd, 2F, *JF,F = 22 Hz, ’JF,F = 20
Hz, 5JF,P = 9 Hz, F2/4), —167.4 (t, 1F, ¥JFF = 19 Hz, F8), —167.5
(m, 2F, F7/9) ppm.

'H NMR (400 MHz, 298 K, (CD,),CO): 10.58 (broad d, 1H,
3JH,H = 5.0 Hz, H13), 8.94 (dd, 1H, 3JH,H = 8.0 Hz, ¥/H,H = 1.5 Hg,

H15), 8.52 (d of pseudo t, 1H, 3JH,H = 8.0 Hz, */JH,H = 1.2 Hz, H20),
8.32 (dd, 1H, ’JH,H = 8.9 Hz, /HH = 1.6 Hz, H18), 8.18 (d, 1H,
3JH,H = 8.9 Hz, H17), 8.07 (dd, 1H, 3JH,H = 8.0 Hz, JJH,H = 5.2 Hz,
H14), 7.98 (pseudo t of d, 1H, }JH,H = 7.8 Hz, /H,P = 1.5 Hz, H21),
7.65 (ddd, 1H, 3JH,H = 13.5 Hz, 3JH,H = 7.5 Hz, JJH,P = 1.2 Hg,
H22), from 7.65 to 7.52 (broad, 4H, H33, H37, H27, H31), from 7.52
to 7.41 (m, 6H, H39, H41, H43, H45, H47, H49), from 7.32 to 7.23
(m, 4H, overlapped H40/42 + H46/48), 7.22 (m, 2H, overlapped
H29+H35), 7.07 (m, 4H, overlapped H28/30 + H34/36) ppm.

9pe{'H} NMR (86 MHz, 298 K, (CD;),CO): § —4238 (m,

IPt1,P1 = 1846 Hz, 3JPt1,F6/10 = 536 Hz, 3JPt1,F1/5 = 330 Hg,
Ptl), § —4397 (dd, YJPt2,P2 = 4435 Hz, 'JPt2,P1 = 2513 Hz, Pt2)
ppm.
Addition of I, to 2 and 4. To a yellow solution of 2 (0.204 g, 0.143
mmol) in CH,Cl, (20 mL) was added dropwise I, (0.036 g, 0.143
mmol) in CH,Cl, (10 mL). The solution was stirred at room
temperature for 20 h, and the red solution was evaporated to ca. 1 mL.
i-PrOH (10 mL) was added, and 7 crystallized as a yellow solid which
was filtered, washed with i-PrOH (2 X 1 mL), and air-dried, 0.136 g,
72% vyield. Found: C, 44.62; H, 2.00; N, 1.00. C,4F,oH,sINP,PdPt
requires C, 44.89; H, 2.15; N, 1.07. HRMS(+), exact mass for
[C4oH,gF oINP,PdPt]: 1310.9274. Measured m/z: 1333.9183 (M +
Na)*.

[(Re),Pt(u-PPh,) (u-1)PA{PPh,(C,;HgN)H1 (7). 3'P{'H} NMR (298
K, (CD;),CO, 161 MHz): § 552 (m, ¥JP,P = 40 Hz, 'JP1,Pt = 1864
Hz, P1), 37.5 (d, JP,P = 40 Hz, *JP2,Pt = 97 Hz, P2) ppm.

F NMR (376 MHz, 298 K, (CD;),CO): 6§ —115.5 (m, 2F, *JPt,F
=319 Hz, F1/5), —116.2 (m, 2F, *JPt,F = 526 Hz, F6/10), —165.1 (t,
1F, 3JF,F = 20 Hz, F3), —166.2 (ddd, 2F, JF,F = 22 Hz, 3JF,F = 20
Hz, 5JE,P = 9 Hz, F2/4), —166.8 (t, 1F, }JF,F = 19 Hz, F8), —167.2
(m, 2F, F7/9) ppm.

'"H NMR (400 MHz, 298 K, (CD;),CO): 10.56 (broad d, 1H,
3JH,H = 4.8 Hz, H13), 8.83 (dd, 1H, *JH,H = 8.0 Hz, Y/H,H = 1.5 Hg,
H15), 8.49 (d of pseudo t, 1H, *JH,H = 8.0 Hz, */H,H = 1.0 Hz, H20),
827 (dd, 1H, ’JH,H = 8.7 Hz, /H,H = 1.5 Hz, H18), 8.13 (d, 1H,
SJHH = 8.7 Hz, H17), 7.99 (dd, 1H, *JH,H = 8.0 Hz, ’JH,H = 5.1 Hz,
H14), 7.90 (ddd, 1H, *JH,H = 7.7 Hz, *JH,H = 7.8 Hz, JH,P = 1.2 Hz,
H21), 7.70 (ddd, 1H, 3JH,H = 12.9 Hz, JH,H = 7.6 Hz, 3JH,P = 1.1
Hz, H22), from 7.60 to 7.45 (m, 10H, H27, H31, H33, H37, H39,
H41, H43, H4S, H47, H49), 7.30 (m, 4H, overlapped H40/42 + H46/
48), 7.24 (m, 2H, overlapped H29+H35), 7.08 (m, 4H, overlapped
H28/30 + H34/36) ppm.

95pe{'"H} NMR (298 K, (CD;),CO, 86 MHz): § —4315 (dd,
JPt,P1 = 1864 Hz, 3JPt,P2 = 97 Hz).

A similar procedure, using 4 (0.170 g, 0.127 mmol) and I, (0.032 g,
0.127 mmol), produces complex 8 as a yellow solid, 0.094 g, 60% yield.
Solutions of 8 slowly became dark. Minor amounts of black palladium
could be present in the samples of 8. Found: C, 47.60; H, 2.20; N,
1.10. C,oF (H4INP,Pd, requires C, 48.14; H, 2.31; N, L1.1S.
HRMS(+), exact mass for [CoH,gF;INP,Pd,]: 1222.8671. Measured:
m/z: 1245.8558 (M + Na)*.

[(Re),Pd(i-PPh,) (u-1)Pd{PPh,(C,;HgN)}1 (8). >'P{'H} NMR (161
MHz, 298 K, (CD;),CO): § 66.0 (m, 2JP,P = 36 Hz, P1), 42.3 (d,
JP,P = 36 Hz, P2) ppm.

F NMR (376 MHz, 298 K, (CD;),CO): § —112.5 (very broad,
2F, F1/5), —113.6 (broad, 2F, F6/10), —164.3 (t, 1F, }JF,F = 20 Hz,
F3), —165.2 (t of d, IF, 3JF,F = 20 Hz, 4JF,F = 2 Hz, F8), —165.4
(ddd, 2F, 3JE,F = 23 Hz, }JF,F = 19 Hz, 5JF,P = 11 Hz, F2/4), —165.9
(dd, 3JF,F = 24 Hz, ¥JFF = 20 Hz, 2F, F7/9) ppm.

'H NMR (400 MHz, 298 K, (CD;),CO): 10.50 (broad d, 1H,
SJHH = 4.9 Hz, H13), 8.84 (dd, 1H, *JH,H = 8.0 Hz, */H,H = 1.4 Hz,
H15), 8.51 (d of pseudo t, 1H, *JH,H = 7.9 Hz, “/H,H = 1.2 Hz, H20),
829 (dd, 1H, *JHH = 8.8 Hz, */H,H = 1.4 Hz, H18), 8.15 (d, 1H,
3JH,H = 8.8 Hz, H17), 8.00 (dd, 1H, 3JH,H = 8.0 Hz, JJH,H = 5.1 Hg,
H14), 7.95 (pseudo t of d, 1H, }JH,H = 7.8 Hz, /H,P = 1.0 Hz, H21),
7.70 (ddd, 1H, ¥H,H = 13.0 Hz, 3JH,H = 7.5 Hz, 3JH,P = 1.0 Hz,
H22), from 7.64 to 7.39 (m, 10H, H27, H31, H33, H37, H39, H41,
H43, H4S, H47, H49), from 7.36 to 7.27 (m, 4H, overlapped H40/
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42+H46/48), from 7.27 to 7.19 (m, 2H, overlapped H29+H35), from
7.14 to 7.01 (m, 4H, overlapped H28/30+H34/36) ppm.

Addition of I, to 3. To a yellow solution of 3 (0.150 g, 0.10S mmol)
in CH,Cl, (10 mL) was added dropwise 1, (0.027 g, 0.106 mmol) in
CH,Cl, (10 mL). The solution was stirred at room temperature for 20
h and evaporated to dryness to render a yellow solid. Its *'P{'H}
NMR spectrum in acetone indicated that this solid is a complex
mixture of products in which [NBu,][(Ry),Pd"(u-PPh,),Pt"(C N)-
L] (9), [(Rg),Pd"(u-PPh,)(u-1)Pt"{PPhy(C;;HN)}] (10), and
[(Rg) (PPh,Rg)Pd"(u-PPh,) (u-1)Pt"(C*N)] (11) could be identified
(NMR spectroscopy) but not isolated as pure samples. All attempts to
separate the mixture were unsuccessful.

Spectroscopic features of [NBu,l[(Rr),Pd(x-PPh,),Pt(C"N)I,]
(9). *'P{"H} NMR (161 MHz, 298 K, (CD;),CO): 6 —89.1 (broad d,
YJP,P = 161 Hz, }JP2,Pt = 1121 Hz, P2), —97.7 (broad d, %JP,P = 161
Hz, 'JP1,Pt = 1680 Hz, P1).

[SH H41 42H H34 35H
39

H40 43H H33 36H
18H
H 1 37H

Py P.

H45 M | W
Pt 26H
19H 6 Sl
\._C 30H
49H H27
H47 29H
H H28

48

'H NMR (400 MHz, 298 K, (CD,),CO): § 10.76 (m, 1H, H23), §
9.47 (d, 1H, *JH,H = 6.5 Hz, *JH,Pt = 41 Hz, H14), § 8.56 (dd, 2H,
JHH = 7.3 Hz, JJH,P = 11.8 Hz, H33/37), 6 8.48 (d, 1H, }/HH =
8.0, H21), § 8.24 (dd, 2H, *JH,H = 8.2 Hz, 3JH,P = 10.8 Hz, H 39/
43), 5 from 7.76 to 7.63 (overlapped, SH, H1S + H16 + H18+ H19 +
H22), 6 7.50 (pseudo t, 2H, *JH,H = 9.0 Hz, H 27/H31), § from 7.33
to 7.14 (overlapped, 7H, H29 + H34 + H3S + H36 + H40 + H41 +
H42), 6 from 7.56 to 7.465 (partially overlapped, 3H, H 45 + H47 +
H49), & 6.10 (pseudo t, 2H, *JH,H = 7.8 Hz, H 46/H48), 3.50 (m,
8H, NBu,"), 1.86 (m, 8H, NBu,"), 1.48 (m, 8H, NBu,"), 1.02 (t, 12H,
NBu,") ppm.

195pe(IH} NMR (86 MHz, 298 K, (CD,),CO): & —2966 (dd,
Pt,P2 = 1121 Hz, YJPt,P1 = 1680 Hz).

X-ray Structure Determinations. Crystal data and other details
of the structure analyses are presented in Table 4. Suitable crystals for
X-ray diffraction studies were obtained by slow diffusion of n-hexane
into concentrated solutions of the complexes in 3 mL of acetone (5')
or CH,Cl, (6—8) at 5 °C. Crystals were mounted at the end of a
quartz fiber. The radiation used in all cases was graphite
monochromated Mo Ka (4 = 0.71073 A). X-ray intensity data were
collected on an Oxford Diffraction Xcalibur diffractometer. The
diffraction frames were integrated and corrected from absorption by
using the CrysAlis RED program.'®* The structures were solved by
Patterson and Fourier methods and refined by full-matrix least-squares
on F? with SHELXL-97.' All non-hydrogen atoms were assigned
anisotropic displacement parameters and refined without positional
constraints. All hydrogen atoms were constrained to idealized
geometries and assigned isotropic displacement parameters equal to

Table 4. Crystal Data and Structure Refinement for Complexes [N(PPh,),][(Rg),Pt"(u-PPh,),Pt"™(C"N)I,]-Me,CO-0.25n-
CeH,yy (5"M"—2C0'0-25”'C6H14): [(RF)zptH(ﬂ'Pth)(ﬂ'I)PtH{Pth(ClsHsN)}] (6), [(RF)thH(I"Pth)(ﬂ'
I)Pd"{PPh,(C,;HN)}]-n-C¢H,,°0.75CH,Cl, (7-n-C¢H,,°0.75CH,CL,), and [(Rg),Pd™(u-PPh,)(u-

I)Pd"{PPh,(C,;HN)}]-0.751n-C4H,, (8:0.75n-C¢H,,)

5/-Me,CO-0.25n-C¢H,, 7-n-C¢H,4-0.75CH,Cl, 8-3CH,Cl,

formula CgsHggF1oLN,OP,Pt,-Me,CO-0.25n- CyoHogFgINP,Pt,  CuoH,F | INP,PdPt-n- C4oH,5F(INP,Pd,-0.75n-

CeH4 Cg¢H,4-0.75CH,Cl, C¢H,,4
M, [g mol™"] 2144.82 1399.74 1460.92 1286.99
T [K] 100(1) 100(1) 100(1) 100(1)
A [A] 0.71073 0.71073 0.71073 0.71073
cryst syst triclinic orthorhombic monoclinic monoclinic
space group PT Pbca P2,/c P2,/c
a [A] 10.3642(2) 11.7997(1) 17.2984(3) 17.1149(7)
b [A] 19.8014(4) 20.9853(2) 13.6095(2) 13.7727(4)
c [A] 20.3880(4) 34.6859(3) 22.9239(4) 22.9446(7)
a [deg] 88.4788(15) 90 90 90
B [deg] 81.7974(16) 90 96.7838(14) 97.294(3)
7 [deg] 80.0805(17) 90 90 90
V [A%] 4079.44(14) 8588.93(13) 5359.02(15) 5364.7(3)
Z 2 8 4 4
p [gem™] 1.746 2.165 1.811 1.593
y [mm™] 4332 7.383 3.727 1.375
F(000) 2077 5264 2830 2526
20 range [deg] 8.36—52.0 7.5-57.9 7.5-57.9 7.6—57.9
no. reflns collected 79857 50175 48264 58471
no. unique reflns 15993 10363 12672 12899
R(int) 0.0821 0.0267 0.0594 0.0569
final R indices [I > 20(I)]*
R1 0.0482 0.0387 0.0349 0.0795
wR2 0.1254 0.1168 0.0590 0.2136
R indices (all data)
R1 0.0620 0.0455 0.0683 0.1095
wR2 0.1304 0.1211 0.0621 0.2254
GOF on F** 1.010 1.061 1.018 1.068

Rl = Y (IE| = IEN)/Y IE). wR, = [Yw (F2 = FX)? /Xw(F2)? 1Y% PGOF = [Yw(F. — F2)*/ (fgps - Myaram) ]2
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1.2 times the U, values of their attached parent atoms (1.5 times for
the methyl hydrogen atoms). Full-matrix least-squares refinement of
these models against F> converged to final residual indices given in

Table 4.
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Crystallographic data of §'-Me,CO-0.25n-C¢Hy,, 6, 7-n-
C¢H,4-0.7SCH,Cl,, and 8-3CH,Cl, (CIF format). NMR
spectra, figures, tables, and HRMS spectrograms. This material
is available free of charge via the Internet at http://pubs.acs.org.

B AUTHOR INFORMATION

Corresponding Author
*E-mail: cfortuno@unizar.es (C.F.).

Notes
The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

This work was supported by the Spanish MICINN (Project
CTQ2008-06669-C02-01) and the Gobierno de Aragén
(Grupo Consolidado: Quimica Inorganica y de los Compuestos
Organometalicos). A.A. gratefully acknowledges MICINN for
an FPU grant. COST Action CM0802 “PhoSciNet” and Italian
MIUR (PRIN Project 2009LR88XR) are also acknowledged for
financial support.

B REFERENCES

(1) Forniés, F.; Fortufio, C.; Ibafiez, S.; Martin, A.; Mastrorilli, P.;
Gallo, V. Inorg. Chem. 2011, 50, 10798—10809.

(2) Canty, A. J. Dalton Trans. 2009, 10409—10417.

(3) Ball, N. D.; Kampf, J. W.; Sanford, M. S. J. Am. Chem. Soc. 2010,
132, 2878—2879.

(4) Kalyani, D.; Deprez, N. R;; Desai, L. V.; Sanford, M. S. J. Am.
Chem. Soc. 2008, 127, 7330—7331.

(5) Belzen, R; Elsevier, C. J.; Dedieu, A;; Veldman, N.; Spek, A. L.
Organometallics 2003, 22, 722—736.

(6) Sehnal, P.; Taylor, R. J. K.; Fairlamb, L J. S. Chem. Rev. 2010, 110,
824—889.

(7) Arnold, P. L,; Sanford, M. S.; Pearson, S. M. J. Am. Chem. Soc.
2009, 131, 13912—13913.

(8) Xu, L. M; Li, B. J; Yang, Z.; Shi, Z. J. Chem. Soc. Rev. 2010, 39,
712—733.

(9) Mutiiz, K. Angew. Chem., Int. Ed. 2009, 48, 9412—9423.

(10) Ball, N. D.; Gary, J. B.; Ye, Y.; Sanford, M. S. J. Am. Chem. Soc.
2011, 133, 7577—7584.

(11) Morales Morales, D.; Redon, R.; Yung, C.; Jensen, C. M. Chem.
Commun. 2000, 1619—1620.

(12) Sunderman, A.; Uzan, O.; Martin, J. M. L. Chem.—Eur. J. 2001,
7, 1703—1711.

(13) Sjovall, S;; Wendt, O. F.; Andersson, C. J. Chem. Soc, Dalton
Trans. 2002, 1396—1400.

(14) Phan, N. T. S;; Van der Sluys, M.; Jones, C. W. Adv. Synth.
Catal. 2006, 348, 609—679.

(15) Gerber, R.; Blacque, O.; Frech, C. M. ChemCatChem 2009, 1,
393—400.

(16) Shabashov, D.; Gaugulis, O. J. Am. Chem. Soc. 2010, 132, 3965—
3972.

(17) Blacque, O.; Frech, C. M. Chem.—Eur. J. 2010, 16, 1521—1531.

(18) Zhang, H.; Lei, A. Dalton Trans 2011, 40, 8745—8754.

(19) Julia-Hernandez, F.; Arcas, A.; Vicente, J. Chem.—Eur. J. 2012,
18, 7780—7786.

(20) Powers, D. C.; Geibel, M. A. L.; Klein, J. E. M. N,; Ritter, T. J.
Am. Chem. Soc. 2009, 131, 17050—17051.

(21) Powers, D. C.; Benitez, D.; Tkatchouck, E.; Goddard, W. A,, IIJ;
Ritter, T. J. Am. Chem. Soc. 2010, 132, 14092—14103.

(22) Ariafard, A.; Hyland, C. J. T; Canty, A. J.; Sharma, M,; Yates, B.
F. Inorg. Chem. 2011, 50, 6449—6457.

(23) Khusnutdinova, J. R;; Rath, N. P.; Mirica, L. M. Angew. Chem,,
Int. Ed. 2011, 50, 5532—5536.

(24) Martinez-Martinez, A. J.; Chicote, M. T.; Bautista, D.; Vicente, J.
Organometallics 2012, 31, 3711-3719.

(25) Matsumoto, K.; Ochiai, M. Coord. Chem. Rev. 2002, 231, 229—
238.

(26) Dick, A. R;; Kampf, . W.; Sanford, M. S. Organometallics 2008,
24, 482—48S.

(27) Ochiai, M.; Y-S, L.; Yamada, J; Misawa, H,; Arai, S.;
Matsumoto, K. J. Am. Chem. Soc. 2004, 126, 2536—244S.

(28) Iwatsuki, S.; Mizushima, C.; Morimoto, N.; Muranaka, S.;
Ishihara, K.; Matsumoto, K. Inorg. Chem. 2005, 44, 8097—8104.

(29) Canty, A. J; Gardiner, M. G.; Jones, R. C.; Rodemannn, T;
Sharma, M. J. Am. Chem. Soc. 2009, 131, 7236—7237.

(30) Whitfield, S. R.; Sanford, M. S. Organometallics 2008, 27, 1683—
1689.

(31) Usén, R; Forniés, J.; Tomas, M.; Casas, J. M.; Cotton, F. A,
Falvello, L. R;; Feng, X. J. Am. Chem. Soc. 1993, 115, 4145—4154.

(32) Anger, E.; Rudolph, M,; Shen, C.; Vanthuyne, N.; Toupet, L.;
Roussel, C.; Autschbach, J.; Crassous, J.; Réau, R. J. Am. Chem. Soc.
2011, 133, 3800—3803.

(33) Romero, M. J.; Rodriguez, A.; Fernandez, A.; Lopez-Torres, M.;
Vézquez-Garcia, D.; Vila, J. M.; Fernandez, J. J. Polyhedron 2011, 30,
2444-2450.

(34) Sicilia, V.; Forniés, F.; Casas, J. M.; Martin, A,; Lopez, J. A;
Larraz, C.; Borja, P.; Ovejero, C.; Tordera, D.; Bolink, H. Inorg. Chem.
2012, S1, 3427—343S.

(35) Cotton, F. A; Gu, J; Murillo, C. A.; Timmons, D. J. J. Am.
Chem. Soc. 1998, 120, 13280—13281.

(36) Cotton, F. A; Koshevoy, 1. O.; Lahuerta, P.; Murillo, C. A;
Sanau, M.; Ubeda, M. A. J. Am. Chem. Soc. 2006, 128, 13674—13675.

(37) Powers, D. C,; Ritter, T. Nat. Chem. 2009, 1, 302—309.

(38) Penno, D.; Estevan, F.; Fernandez, E.; Hirva, P.; Lahuerta, P.;
Sanat, M.; Ubeda, M. A. Organometallics 2011, 30, 2083—2094.

(39) Deprez, N. R; Sanford, M. S. J. Am. Chem. Soc. 2009, 131,
11234—11241.

(40) Ariafard, A; Hyland, C. J. T.; Canty, A. J.; Sharma, M.; Brookes,
N. J. Inorg. Chem. 2010, 49, 11249—11253.

(41) Alonso, E.; Casas, J. M; Cotton, F. A;; Feng, X. J.; Forniés, J;
Fortufio, C.; Tomas, M. Inorg. Chem. 1999, 38, 5034—5040.

(42) Chaouche, N.; Forniés, J.; Fortufio, C.; Kribii, A,; Martin, A.;
Karipidis, P.; Tsipis, A. C; Tsipis, C. A. Organometallics 2004, 23,
1797-1810.

(43) Ara, L; Chaouche, N.; Forniés, J.; Fortufio, C.; Kribii, A.; Martin,
A. Eur. ]. Inorg. Chem. 20085, 3894—3901.

(44) Ara, 1; Chaouche, N.; Forniés, J.; Fortufio, C.; Kribii, A.; Tsipis,
A. C. Organometallics 2006, 25, 1084—1091.

(45) Forniés, J.; Fortufio, C.; Navarro, R.; Martinez, F.; Welch, A. J. J.
Organomet. Chem. 1990, 394, 643—658.

(46) Alonso, E.; Casas, J. M.; Forniés, J.; Fortufio, C.; Martin, A.;
Orpen, A. G; Tsipis, C. A.; Tsipis, A. C. Organometallics 2001, 20,
5571-5582.

(47) Alonso, E.; Forniés, J.; Fortufio, C.; Martin, A,; Orpen, A. G.
Organometallics 2000, 19, 2690—2697.

(48) Alonso, E.; Forniés, J.; Fortufio, C.; Martin, A,; Orpen, A. G.
Organometallics 2003, 22, 2723—2728.

(49) Ara, L; Forniés, J; Fortuilo, C.; Ibafez, S; Martin, A,
Mastrorilli, P.; Gallo, V. Inorg. Chem. 2008, 47, 9069—9080.

(50) Bennett, M. A; Bhargava, S. K; Ke, M.; Willis, A. C. Dalton
Trans. 2000, 3537—354S.

(51) Yahav, A; Goldberg, L; Vigalok, A. Organometallics 2008, 24,
5654—5659.

(52) Ebsworth, E. A. V.; Ferrier, H. M.; Henner, B. J. L.; Rankin, D.
W. H,; Reed, F. J. S.; Robertson, H. E.; Whitelock, J. D. Angew. Chem.,
Int. Ed. 1977, 16, 482—484.

(53) An overlap was observed between the m-F atoms of ring E, F2
and F4, and one of the m-F atoms of ring F, F7.

dx.doi.org/10.1021/ic301298p | Inorg. Chem. 2012, 51, 12682—12696


http://pubs.acs.org
mailto:cfortuno@unizar.es

Inorganic Chemistry

(54) Mallory, F. B. J. Am. Chem. Soc. 1973, 95, 7747—7752.

(55) Mallory, F. B.; Mallory, C. W.; Butler, K. E.; Levis, M. B.; Xia, A.
Q.; Luzik, E. D.; Fredenburgh, L. E,; Ramanjulu, M. M.; Van, Q. N,;
Francl, M. M,; Fredd, D. A;; Wray, C. C; Hann,, C.; Nerz-Stormes,
M,; Carroll, P. J.; Chirlian, L. E. J. Am. Chem. Soc. 2000, 122, 4108—
4116.

(56) Pregosin, P. S. Coord. Chem. Rev. 1982, 44, 247—291.

(57) Shimada, S.; Tanaka, M.; Honda, K. J. Am. Chem. Soc. 1995, 117,
8289—8290.

(58) Forniés, J.; Fortufio, C.; Gil, R;; Martin, A. Inorg. Chem. 20085,
44, 9534—9541.

(59) Alonso, E.; Forniés, J.; Fortufio, C.; Martin, A.; Rosair, G. M.;
Welch, A. J. Inorg. Chem. 1997, 36, 4426—4431.

(60) Alonso, E.; Forniés, J.; Fortufio, C.; Tomas, M. J. Chem. Soc,
Dalton Trans. 1995, 3777—3784.

(61) Ara, I; Chaouche, N.; Forniés, J.; Fortufio, C.; Kribii, A.; Tsipis,
A. C; Tsipis, C. A. Inorg. Chim. Acta 2005, 358, 1377—1385.

(62) Carty, A. J.; MacLaughlin, S. A.; Nucciarone, D. Phosphorus-31
NMR Spectroscopy in Stereochemical Analysis; VCH: Berlin, 1987.

(63) Falvello, L. R.; Forniés, J.; Fortufio, C.; Martin, A.; Martinez-
Sarifiena, A. P. Organometallics 1997, 16, 5849—5856.

(64) Forniés, J.; Fortufio, C.; Ibaflez, S; Martin, A. Inorg. Chem.
2006, 45, 4850—4858.

(65) Forniés, J.; Fortufio, C.; Ibafiez, S.; Martin, A. Inorg. Chem.
2008, 47, 5978—5987.

(66) Nabavizadeh, S. M.; Amini, H; Jame, F.; Khosraviolya, S.;
Shahsavari, H. R;; Hosseini, F. N.; Rashidi, M. J. Organomet. Chem.
2012, 698, 53—61.

(67) Gossage, R. A.; Ryabov, A. D; Spek, A. L; Stufkens, D. J.; van
Beek, J. A. M,; van Eldik, R;; van Koten, G. J. Am. Chem. Soc. 1999,
121, 2488—2497.

(68) In accord to the dissociative mechanism, while acetone solutions
of § were found stable for weeks at room temperature, heating a
(CD;),CO solution of 5 at 318 K resulted in a slow conversion into 6
(15% after three days).

(69) Chaouche, N.; Forniés, J.; Fortufio, C.; Kribii, A.; Martin, A. J.
Organomet. Chem. 2007, 692, 1168—1172.

(70) Archambault, C.; Bender, R; Braunstein, P.; Decian, A.; Fischer,
J. Chem. Commun. 1996, 2729—2730.

(71) Cabeza, J. A; del Rio, L; Riera, V.; Garcia-Granda, S.; Sanni, S.
B. Organometallics 1997, 16, 1743—1748.

(72) Albinati, A; Filippi, V.; Leoni, P.; Marchetti, L.; Pasquali, M.;
Passarelli, V. Chem. Commun. 2008, 2155—2157.

(73) Scriban, C.; Glueck, D. S.; Zakharov, L. N.; Kassel, W. S.;
DiPasquale, A. G.; Golen, J. A.; Rheingold, A. L. Organometallics 2006,
25, 5757-5767.

(74) Kohl, S. W,; Heinemann, F. W.; Hummert, M.; Bauer, W,;
Grohmann, A. Chem.—Eur. ]. 2006, 12, 4313—4320.

(75) Li, B,; Xu, S,; Song, H,; Wang, B. Eur. J. Inorg. Chem. 2008,
5494—5504.

(76) Nesterov, V.; Ozbolat-Schén, A.; Schnakenburg, G.; Shi, L,;
Cang6niil, A.; van Gastel, M.; Neese, F.; Streubel, R. Chem.—Asian J.
2012, 7, 1708—1712.

(77) Welsch, S.; Nohra, B.; Peresypkina, E. V.; Lescop, C.; Scheer,
M.; Réau, R. Chem.—Eur. J. 2009, 15, 4685—4703.

(78) Nohra, B.; Rodriguez-Sanz, E.; Lescop, C.; Réau, R. Chem.—
Eur. ]. 2008, 14, 3391—3403.

(79) Braunstein, P.; Boag, N. M. Angew. Chem,, Int. Ed. 2001, 40,
2427-2433.

(80) Leca, F.; Sauthier, M.,; Deborde, V.; Toupet, L; Réau, R.
Chem.—Eur. ]. 2003, 9, 3785—3795.

(81) Oloo, W,; Zavalij, P. Y.; Zhang, J.; Khaskin, E.; Vedernikov, A.
N. J. Am. Chem. Soc. 2010, 132, 14400—14402.

(82) Yahav-Levi, A.; Goldberg, L; Vigalok, A,; Vedernikov, A. N.
Chem. Commun. 2010, 46, 3324—3326.

(83) Ye, Y,; Ball, N. D.; Kampf, J. W.; Sanford, M. S. J. Am. Chem. Soc.
2010, 132, 14682—14687.

(84) Yahav-Levi, A.; Goldberg, 1; Vigalok, A. J. Am. Chem. Soc. 2006,
128, 8710—6711.

12696

(85) Yahav-Levi, A;; Goldberg, L; Vigalok, A.; Vedemikov, A. N. J.
Am. Chem. Soc. 2008, 130, 724—731.

(86) Mastrorilli, P. Eur. J. Inorg. Chem. 2008, 4835—4850.

(87) Berenguer, J. R;; Chaouche, N.; Forniés, J.; Fortufio, C.; Martin,
A. New J. Chem. 2006, 30, 473—478.

(88) Alonso, E.; Forniés, J.; Fortufio, C.; Martin, A.; Orpen, A. G.
Chem. Commun. 1996, 231—232.

(89) Falvello, L. R.; Forniés, J.; Fortufio, C.; Durén, F.; Martin, A.
Organometallics 2002, 21, 2226—2234.

(90) Bender, R.; Okio, C.; Welter, R.; Braunstein, P. Dalton Trans.
2009, 4901—4907.

(91) Itazaki, M.; Nishihara, Y.; Osakada, K. Organometallics 2004, 23,
1610—1621.

(92) Leoni, P.; Manetti, S.,; Pasquali, M.; Albinati, A. Inorg. Chem.
1996, 35, 6045—6052.

(93) Forniés, J.; Fortufio, C.; Ibafiez, S.; Martin, A.; Tsipis, A. C;
Tsipis, C. A. Angew. Chem., Int. Ed. 2005, 44, 2407—2410.

(94) Forniés, J.; Fortuio, C; Ibafiez, S.; Martin, A.; Romero, P.;
Mastrorilli, P.; Gallo, V. Inorg. Chem. 2011, 50, 285—298.

(95) Cristofani, S.; Leoni, P.; Pasquali, M.; Eisentraeger, F.; Albinati,
A. Organometallics 2000, 19, 4589—4595.

(96) Bender, R; Braunstein, P.; Dedieu, A,; Dusausoy, Y. Angew.
Chem., Int. Ed. Engl. 1989, 28, 923—925.

(97) Leoni, P.; Pasquali, M.; Fortunelli, A.; Germano, G.; Albinati, A.
J. Am. Chem. Soc. 1998, 120, 9564—9573.

(98) Leoni, P; Marchetti, F.; Marchetti, L.; Passarelli, V. Chem.
Commun. 2004, 2346—2347.

(99) Alonso, E.; Forniés, F.; Fortufio, C.; Lledés, A.; Martin, A
Nova, A. Inorg. Chem. 2009, 48, 7679—7690.

(100) Stepanova, V. A.; Dunina, V. V.; Smoliakova, I. P.
Organometallics 2009, 28, 6546—6558.

(101) Stepanova, V. A.; Dunina, V. V.; Smoliakova, L. P. J. Organomet.
Chem. 2011, 696, 871—878.

(102) Hartwell, G. E.; Lawrence, R. V.; Smas, M. J. J. Chem. Soc,
Chem. Commun. 1970, 912.

(103) Pregosin, P. S;; Wombacher, F.; Albinati, A; Lianza, F. J.
Organomet. Chem. 1991, 418, 249—267.

(104) CrysAlisRED: Program for X-ray CCD Camera Data Reduction,
Version 1.171.32.19; Oxford Diffraction Ltd.: Oxford, U.K., 2008.

(105) Sheldrick, G. M. SHELXL-97: A Program for Crystal Structure
Determination; University of Gottingen: Gottingen, Germany, 1997.

dx.doi.org/10.1021/ic301298p | Inorg. Chem. 2012, 51, 12682—12696



