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The tetranuclear complexes [NBuy]2[(CsFs)2Pt(1-PPhy)sM(u-Cl);M(u-PPhy),Pt(CeFs).] (M = Pt (A) or Pd (B))
react with PPhj in acetone affording [NBus][(CgFs),Pt(u-PPh;),MCI(PPh3)] (M = Pt (1), Pd (2)). However, when
such reactions are carried out in CHCl; or CHCl3/MeOH, the dinuclear complexes [(CgFs)2Pt(u-PPhy).ML] (L
= PPh;, M = Pt (3), Pd (4); L = PPhyEt, M = Pd (5)) are obtained. Complexes 3 and 4 can also be obtained
by reacting A and B, respectively, with O3C10AgPPh; in CH,Cl,. The *'P NMR indicates that 3—5 display
Pt—M donor—acceptor bonds while 1 or 2 does not show this type of metal—metal bond. The reaction of 3 or
4 with neutral or anionic monodentate ligands L’ renders dinuclear derivatives [(C¢Fs)2Pt(«-PPhy)oML'(PPh3)]*~
n=1 M=P,L'=Br(6) M=Pd,L’=CN (7). n=0: M=Pt,L"=Py (8),CO(9); M =Pd, L' =Py
(10)) in which the M center is four-coordinate and no Pt—M bond is present. The structure of 4 has been determined
by a single-crystal X-ray diffraction study. Crystals are monoclinic, space group C2/m, with a = 16.774(5) A,
b =19.404(4) A, c = 19.416(4) A, B = 111.54(3)°, and Z = 4. The structure was refined to 5051 data, giving

a traditional R-factor of 0.0456. The Pt—Pd distance is 2.657(1) A.

Introduction

The ability of phosphido (PR;™) groups to act as bridging
ligands and stabilize polynuclear transition metal complexes is
well known.!~® Moreover, ligands of this type are sufficiently
flexible so as to be able to bridge a range of metal—metal
distances within the polynuclear framework, from the shorter
distances that arise in the presence of metal—metal bonds2~+¢
to the longer distances when no type of metal—metal interaction
is present.’

Recently we synthesized the polynuclear phosphido com-
plexes [NBuylo[(CeFs)2Pt(u-PPha);M(u-Cl)M(u-PPho),Pt(CeFs)]
(M = Pt, Pd) which according to their 3'P NMR spectra do not
contain Pt—M bonds.! In this paper we report on the reactivity
of these complexes toward monodentate phosphines (PPhs, PPh,-
Me) which produces, as expected, the cleavage of the bridging
M(u-Cl)M system and renders, depending on the solvent,
dinuclear complexes with or without donor—acceptor Pt—M
bonds.

Results and Discussion

Reactions of [NBuyl:[(CeFs)2Pt(u-PPhy):M(u-CD2M(u-
PPh,);Pt(C¢Fs);] (M = Pt (A); M = Pd (B)). Complexes A
and B react with triphenylphosphine, (molar ratio 1:2) in
acetone, yielding, after appropriate treatment, the dinuclear
anionic derivatives [NBus][(CgFs)2Pt(u-PPh;).MCI(PPhs)] (M
= Pt (1); M = Pd (2)) (Scheme 1, a). The M(u-Cl))M (M =
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Pt, Pd) bridging system is cleaved and from 3!P NMR spectra
(see below) it can be inferred that no Pt—M bonds are present
in the products.

Moreover, we noted that although 2 is yellow in the solid
state (as in acetone solution), its solutions in CH,Cl; or CHCl;
and MeOH are purple and the addition of an excess of NBuyBr
gives a yellow solution. Exploring this behavior further, we
carried out the reactions of A and B with phosphines in CH,-
Cl, or CHCI3/MeOH and found that under appropriate conditions
(see Experimental Section), not only does the cleavage of the
bridging system take place, but so also does the elimination of
NBuCl, with formation of the dinuclear neutral complexes
[(CéFs)2Pt(u-PPhy)sML] (M = Pt,L = PPh; 3); M=Pd,L =
PPh; (4), PPhoMe (5)) (Scheme 1, ¢). The separation of NBuy-
Cl takes place very easily in CH,Cl/MeOH when M = Pd, but
refluxing followed by treatment of the mixture with water is
needed for the total elimination of NBuyCl for M = Pt (3). On
the other hand, the formation of 3 and 4 can be more easily
achieved if A or B is reacted in CH,Cl; with O;C1OAgPPh;
since the precipitation of AgCl takes place and 3 or 4 is formed
in very high yield (Scheme 1, b).

These neutral complexes 3—5 are very strongly colored, and
their 3!P NMR spectra indicate that the phosphido ligands bridge
the metal centers, which form Pt—M bonds (see below). The
molecular structure of 4 has been established by X-ray studies
and confirms the NMR structural data, as will be discussed later.

Reactions of [(C¢Fs),Pt(u-PPh;),MPPh;] (M = Pt, Pd).
The strongly colored CH,Cl; solutions of 3 and 4 react with
anionic or neutral ligands; the color of the solution fades to
yellow, yielding dinuclear anionic (6, 7) or neutral complexes
(8—10) in which the M center is four-coordinate (see Scheme
1, d). From the 3P NMR spectra it can be inferred that as for
1 and 2 no Pt—M bonds are present in these complexes.
Although the reaction between 3 and CO, in CH,Cl,, yields
the stable yellow carbonyl derivative 9 (¥(co) = 2101 cm™1), 4
reacts with CO under similar conditions, giving a brown solid
(¥(co) = 2119 cm™!) which could not be fully characterized

© 1994 American Chemical Society



Pd(IT)—Pt(I) x«-Diphenylphosphido Complexes

Inorganic Chemistry, Vol. 33, No. 26, 1994 6243
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Figure 1. Computer drawing of one molecule of compound 4 from
the X-ray crystal structure. Atomic sites that were refined anisotropically
are represented by their 35% probability ellipsoids. Other atoms are
drawn as small circles.

since it decomposes rapidly by losing CO, yielding the starting
material, 4. This lack of stability has been observed for other
carbonyl palladium(II) containing complexes.’

The reaction of 3 with a neutral didentate ligand (1,10-
phenanthroline) results in the displacement of the PPh; yielding
11 (Scheme 1, e). Complexes of this type can be obtained
directly by reacting A or B with didentate chelating ligands such
as bipy, phen or dppm; the molecular structure of 11 obtained
by this latter method has been reported previously! and indicates
that no Pt—Pt interactions are present in this compound, in
accord with the 3'P NMR data,

Crystal Structure of [(CgFs),Pt(4-PPh;),Pd(PPh3)]-2C¢Hs,
(4). The structure of one molecule of complex 4 is shown in
Figure 1. Crystal data are summarized in Table 1, and a list of
selected distances and angles is given in Table 2.

The structure of 4 consists of a heterodinuclear compound
formed by two fragments which, neglecting the Pt—Pd bond,
can be described as (a) a distorted square planar platinum
environment formed by two C¢Fs groups (mutually cis) and two

(7) Us6n, R.; Fomiés, J.; Tomés, M.; Menjén, B. Organometallics 19885,
4, 1912.

Table 1. Crystal Data for (C¢Fs),Pt(4-PPh;),Pd(PPh;)2CsHs
formula PtPdCecHa7F10Ps
fw 1424.5
space group C2/m (No. 12)
a, 16.774(5)
b, A 19.404(4)
¢, A 19.416(4)
B, deg 111.54(3)
v, A 5878(3)
VA 4
deated, glem? 1.609
u(Mo Ka)), ecm™! 29.6
radiation (graphite monochromated) Mo Ka (A, =0.710 73 A)
temp, °C 22+12
R,? 0.1053
R? 0.0456 (for F,2 2 20(F2)

“Ry = [Ew(Fo? — FAHLwFLP2. * R = Z||Fo| — |Fe||/Z|Fol.

Table 2. Selected Bond Lengths (A) and Angles (deg) for
(CéFs).Pt(u-PPh),Pd(PPh;)2CsHs®

Py(1)—Pd(1) 2.6571(9) PY(1)—C(1) 2.077(6)
Pt(1)—P(2) 2.354(2) Pd(1)-P(2) 2.243(2)
Pd(1)—P(1) 2.272(2) P(1)-C(25) 1.812(10)
P(1)-C(19) 1.831(7) P(2)—-C(13) 1.815(8)
P(2)-C(7) 1.821(7)
C()-Py1)-C(la)  847(4) C(1)-Py1)-PQRa)  169.8(2)
C()-PY1)—P(2)  851(2) PQa)~Py1)-P(2)  105.05(9)
C(1)-P(1)~Pd(1) 137.3(2) P@Q—PyD)-Pd(l)  52.75(4)
P(2)-Pd(1)~P(2a) 112.839) P()—Pd(1)-P(1)  123.46(4)
PQ)-Pd()-Pyl)  56.68(4) P(1)~Pd(1)-Py(1)  177.84(7)
C(25)-P(1)-C(19) 1055(3) C(19)-P(1)—C(19a) 102.8(5)
C(25)-P(1)~Pd(1) 1104(3) CA9)-P()-Pd(1)  115.7(2)
C(13)-PQ2)-C(7)  105.1(3) C(3)-PQ2)—-Pd(1)  127.1(3)
C(N-PQ)-Pd(1)  1189(2) C(13)-PQ)-Pyl)  116.8(2)
C(N-PQ)-Px(l)  1150(2) PA()-PQ)—PYl)  70.57(6)

¢ Symmetry transformation used to generate equivalent atoms: (a)
X =Y Z

phosphido groups and (b) a distorted triangular palladium
environment formed by the two phosphido bridging groups and
a triphenylphosphine. The two coordination environments share
an edge containing the P atoms of the bridging PPh; ligands.
The Pt, Pd and P(1) atoms are located in a crystallographic
mirror plane. The square-planar platinum environment (C(1),
C(1a), P(2), P(2a), plane 1, in which an “a” appended to an
atom name signifies transformation by the crystallographic
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Table 3. Relevant P NMR Data®?

Falvello et al.

P
R
\H&-\M—PRS
R’U)\P/(E} )
® o(P3) O(P4,Ps) Jia J23 Jiaor Jis Jas or Jos Jas or J3s
M = Pt, PR; = PPh; (3) 60.8(t) 240.0(d) 136 5414 1223.8 2986.8 55.5
M = Pd, PR; = PPh; (4) 41.8(1) 226.8(d) 188.9 1345.3 25.6
M = Pd, PR; = PPh,Et (§) room temp 41.1(s) 230.1(s) 183.7 13452 c
—60 °C 47.1(t) 235.5(d) 191.6 1368.5 204
¢ Recorded in CDCl; solution; J values in hertz. * Abbreviations: d = doublet, s = singlet, t = triplet. © See text.
Table 4. Relevant P NMR Data®
P
R\Pt /(4;\M,(§)Ph3
R/(1)\P/(2)\,_
@ 8(P3) O(Ps) O(Ps) Jia Jis J2s Ju Jas Ju Jas Jas
M=PtL=ClI- 1) 24.8 2009
M=Pd,L =Cl" (2) 19.6 —141.0 —138.9 c c 79 354.6 226.3¢
M=Pt,L =Br™ (6)* 24.2 2031.7
M=Pd,L=CN~(7) 20.9 —154.2 -126.9 1604.4 1726.6 f 317.5 185.7
M=Pt,L=Py(8) 22.5 -150.7 —139.6 1880.0 g 2008.5 2228.0 g f 292.6 154.9
M=P,L=CO(9) 19.2 —121.1 —109.7 1695.2 1270.9 1920.0 1946.6 1842.8 f 210.0 132.5
M =Pd, L = Py (10)* 17.7

@ Recorded in HDA solution; J values in hertz. * Second order spectrum (ABX spin system). Neither of the two expected AB quartets can be
identified, and the spectrum cannot be analyzed. Signals due to PPh,~ appear in the —130 and —165 ppm range. Jax + Jsx = 350.6 Hz. © J14 and
Jis cannot be independently evaluated. The separation between platinum satellites is 1790.7 Hz. ¢ |J4s|. ¢ See footnote b. Signals due to PPh;~
appear around —145 ppm. Jax + Jsx = 351.5 Hz. F Not observed. £ The signal due to P(5) does not clearly show two pairs of platinum satellites.
The observed satellites are broad, indicating that 'Jpy~ps) & Wpie)-p(s) With a separation of 1762.9 Hz. * See footnote b. Signals due to PPhy~ in

the —128 and —150 ppm range. Jax + Jpx = 302.8 Hz.

mirror), the triangular palladium environment (P(1), P(2), P(2a),
plane 2) and the PtP,Pd ring (plane 3) are planar; the dihedral
angle formed by plane 1 and plane 2 is 9.8(2)° while the dihedral
angles formed by plane 1—plane 3 and plane 2—plane 3 are
respectively 5.8(2) and 3.99(5)°. Atom C(1) lies essentially in
the same plane as Pt(1), P(2) and P(2a); its deviation from the
plane of the latter three atoms is 0.010(6) A. The most
remarkable feature in this structure is the short Pt-Pd distance,
2.657(1) A, in the range found in other Pd or Pt complexes
with metal—metal bonds,®~10 although in the latter cases the
metal centers display a formal oxidation state of (I} and are
bonded covalently while in 4, both metal centers display a
formal oxidation state of (II) and the metal—metal bond must
be donor—acceptor (Pt—Pd) in nature.

The Pt—P—Pd angles are very small 70.57(6)°, similar to
those shown by other phosphido ligands that bridge metal—
metal bonds,>~#6811 pointing to the existence of a Pt—Pd bond.
A concomitant effect is that the intracycle angles at the metal
atoms are larger than 90° (P(2)—Pt(1)—P(2a),105.05(9)°; P(2)—
Pd(1)—P(2a), 112.83(9)°). This molecule provides another
example of the flexibility of a bridging phosphido ligand, which
is able to adapt to the steric requirements of the metal centers
that it bridges. It is worthwile to compare the Pt—P—Pd angles
in 4 with those found in [(C¢Fs),Pt(u-PPhy),Pt(phen)], 11 (102.7-
(1) and 103.2 (1)°), a dinuclear compound without any bonding
interaction between the metal centers (Pt--Pt 3.585(1)12\).1
Although we believe that this compound does posses a Pt—Pd
donor—acceptor bond, our judgement is partially based on the
broad consistency among the features of 4 (both structural and
3lp NMR) and between 4 and other compound possessing
similar bonds. Nevertheless, if consider alone and without

(8) Taylor, N. J.; Chieh, P. C.; Carty, A. J. J. Chem. Soc., Chem. Commun.
1975, 448.
(9) Skapski, A. C.; Troughton, P. G. H. J. Chem. Soc. A 1969, 2772.
(10) Forniés, J.; Martfnez, F.; Navarro, R.; Redondo, A.; Tomis, M.; Welch,
A. J. J. Organomet. Chem. 1986, 316, 351.
(11) Braunstein, P.; Jesis, E.; Tiripicchio, A.; Ugozzoli, F. Inorg. Chem.
1992, 31, 411.

further context, the geommetrical features of 4 could also be
interpreted in terms of a strong PtP,Pd bridging interaction not
driven primarily by metal—metal bonding.

NMR Spectra. As for other phosphido-bridged complexes,
the 3IP{!H} NMR spectra of the present systems give important
structural evidence. The most relevant data for the complexes
reported here are collected in Tables 3 and 4, along with the
atom numbering scheme for assignment of the resonances and
coupling constants. Literature data indicate that the 3!P chemical
shifts of the bridging phosphido ligands are dependent on the
presence or absence of a metal—metal bond supported by these
ligands. So, although this is not conclusive, the data reported
show that for most 4-PR; ligands bridging a metal—metal bond,
the phosphorus chemical shift is downfield (6 from +50 to +300
ppm), while for the same type of ligands bridging two metal
centers without a metal—metal bond, the resonances appear
upfield (& from +50 to —200 ppm).'213 However, it has been
suggested that since exceptions do occur,'#15 this type of
correlation can be made only for closely related series of
compounds supported by X-ray crystallography.

The 3P NMR spectra of 3—5 can be interpreted in terms of
a first order spin system model. Both sets of signals (4-PPh;
and PR3) are well separated by ca. 180 ppm and show platinum
satellites (see Table 3). The resonances due to u-PPh; groups
appear downfield, indicating the presence of Pt—M bonds in
all cases. Moreover, the Jy; in 1 is large (5414 Hz) which, as
for other cases, indicates a weak trans influence of the metal—
metal bond and hence suggests relatively weak Pt—Pt dona-
tion.24616 The assignment of Ji4 (or Jis) and Jz4 (o1 Jps) in 3

(12) Petersen, J. L.; Stewart, R. P., Jr. Inorg. Chem. 1980, 19, 186.

(13) Carty, A.; MacLaughlin, S, A.; Taylor, N. J. J. Organomet. Chem.
1981, 204, C27.

(14) Rosen, R. P.; Hoke, J. B.; Whittle, R. R.; Geoffroy, G. L.; Hutchinson,
J. P.; Zubieta, J. A. Organometallics 1984, 3, 846.

(15) Jones, R. A.; Wright, T. C.; Atwood, J. C.; Hunter, W. E. Organo-
metallics 1983, 2, 470.

(16) Appleton, T. G.; Clark, H. C.; Manzer, L. E. Coord. Chem. Rev. 1973,
10, 335.
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complex o(F,) S(Fn) o(F,) 3Jp—p, Hz
1° —-113.24F) —1659(4F) —166.9 (1 F),—-167.0(1 F) 317.5
28 —113.2(2F), —113.4(2F —165.4 (4F) —1662(1F), 1663 (1 F) ~327.7
3k —1193@4F) —-1654 (4 F) —16282F) 302.4
4v —1188 4 F) —1644 (4 F) -16202F) 303.8
50 —1172 4 F) —1629(4F) —160.6 (2 F) 305.9
6° —108.3(2F), —108.6 2F) —-1612(2F),—-1613(2F —162.2(1F),—162.4(1F) 350.6, 281.5
7° room temp —113.6 4 F) —166.3 (4 F) -16742F) ~344 4
—60 °C —-113.7(2F),—-11432F —1652 (4 F) —166.0 2 F) 317.4,329.2
8¢ —1164(2F),-1169(2F) —~1663 (6 F) 331.0, 329.8
9 room temp —116.6 4 F) —-16554F) —-1650Q2F) 339.4
—-55°C —-116.7 4 F) —1649 (4 F) —164.1(1F),—1644 (1 F) 332.6
10° —11352F), -1142 (2F) ~1659(6 F) 288.2, 306.4

2 Solvent: HDA. ? Solvent: CDCls.

is made on the basis of the large trans influence of the
pentafluorophenyl groups!” and on the value of Ji4 or Jis in
complexes 4 and 5. Ji3 is observed in all cases. The NMR
spectrum of § at room temperature does not show coupling
between phosphido and phospine P atoms (J34) although this
coupling can be observed in the low temperature NMR spectrum
(—60 °C). A similar behavior has been described previously
for [(CsHs)Zr(u-PPhy),ML,] (M = Ni, Pt).18

For complexes 1, 2, and 6—10, two well separated sets of
signals, due to PPh; and PPhs, can be observed (see Table 4).
The resonances due to the bridging PPh, groups appear at very
high field, indicating the absence of metal—metal bonds in the
complexes. The 3'P NMR spectra of 7—9 can be easily
analyzed in terms of first order spin systems (AMX), with the
corresponding platinum satellites. Complexes 1, 2, 6, and 10
show second order 3P NMR spectra (ABX spin system), and
only for 2 can one of the two expected AB quartets be identified
and the analysis of the spectrum carried out. For complexes 1,
6, and 10 neither of the two expected AB quartets in the high
field region could be identified preventing the full analysis of
the spectra. In Table 4 are given the range of chemical shifts.
However, the resonances due to PPh; (6(P3)) in these complexes
appear as four signals (i.e., a typical pattern of the X part of an
ABX spin system) from which (Jax + Jax) can be measured.

The '°F NMR data are given in Table 5 and are consistent
with the proposed structures.

In complexes 3—5 both C¢Fs groups are equivalent and appear
in all cases as an AA'MXX’ system.

Complexes 1, 2, and 6—10, according to the proposed
structure, contain two inequivalent C¢Fs groups. Their ’F NMR
spectra do not show the full set of signals expected since some
of them are overlapped (see Table 5). However, in all cases
either two o-F or two m-F or two p-F can be detected, in good
accord with the proposed structure. Furthermore, the intensities
of the signals are also in agreement with this structure

Concluding Remarks

The reaction of the tetranuclear derivatives [NBuy]2[(CgFs)2-
Pt(u-PPh2),M(u-Cl);M(u-PPh;),Pt(C¢Fs),] with neutral mono-
dentate ligands produces the cleavage of the M(u-Cl),M bridging
system, giving dinuclear complexes containing four-coordinate
Pt and M centers with bridging PPh, and without Pt—M bonds
(1 and 2). However the elimination of the chloride bonded to
M in these complexes (see Scheme 1) renders dinuclear
complexes containing three-coordinate M centers and in which
a Pt—M donor—acceptor bond completes the electron density
of M (3—5). The presence of such a type of bond requires

(17) Usén, R.; Forniés, I.; Espinet, P.; Fortufio, C. J. Chem. Soc., Dalton,
Trans. 1986, 1849,
(18) Gelmini, L.; Stephan, D. W. Inorg. Chem. 1986, 25, 1222,

three-coordination on M since the reaction of these complexes
with neutral or anionic ligands renders complexes with four
coordinated M and without Pt—M bonds (6—10).

Experimental Section

C, H and N analyses, IR spectra, '°F and *'P NMR spectra and
conductance measurements were performed as described elsewhere.!
Literature methods were used to prepare the following starting
materials: [NBus]2[(CsFs),Pt(u-PPh;),Pt(u-C1),Pt(u-PPh,),Pt(CeFs),]
(A)," [INBuslo[(CsFs):Pt(u-PPh2):Pd(-C1):Pd(u-PPh),Pt(CsFs),] (B);!
[03C10AgPPh;].1°

Safety Note. Perchlorate salts of metal complexes with organic
ligands are potentially explosive. Only small amounts of material
should be prepared, and these should be handled with great caution.

[NBus][(CeFs5)2Pt(u-PPhy),PtC1(PPh3)] (1). PPh; (0.019 g, 0.072
mmol) was added to a solution of 0.100 g (0.036 mmol) of A in 20
cm? of acetone, and the resulting colorless solution was stirred at room
temperature for 17 h. By evaporating almost to dryness and addition
of 'PPrOH (~5 cm?®), a white solid, which was washed with {PrOH, was
obtained (83% yield). Am: 75 Q7! cm? mol.”! IR (Nujol): 777, 768
cm™1;20 y(Pt—Cl) 280 cm™!. Anal. Found (calc for CoClF;oH7;NPs-
Pty): C, 50.91 (51.43); H, 4.63 (4.38); N, 0.62 (0.86).

[NBug][(CeF's):Pt(u-PPhy),PACI(PPh;)] (2). Complex 2 was pre-
pared similarly to 1 from B (0.100 g, 0.039 mmol), acetone (20 cm?)
and PPh; (0.021 g, 0.080 mmol). Yield: 86%. Am: 88 Q™! cm? mol~l.
IR (Nujol): 779, 770 cm™%;2° »(Pd—CI) 280 cm~!. Anal. Found (calc
for C;CIF10H7NPsPdPt): C, 53.57 (54.38); H, 4.76 (4.63); N, 0.87
(0.90).

[(CeF5):Pt(u-PPh,),Pt(PPhy)] (3). (2) To a CHCly (~10 cm?)
solution of 0.150 g (0.054 mmol) of A was added a CHCl;/MeOH (15
cm?/5 cm?) solution of 0,029 g (0.110 mmol) of PPh;. The colorless
solution was refluxed for 30 min, and the resulting dark orange solution
was stirred for 5 min with 40 cm® of H,O. After separation of the two
layers, the red organic solution was stirred for 5 min with a mixture of
40 cm’ of H,O + 10 cm® of MeOH.  After separation of the two layers,
the resulting red solution was treated in a similar way twice and then
evaporated to dryness. The red solid was stirred for 2.5 h with 40 cm?
of MeOH (53% yield).

(b) To a CH,Cl, (15 cm?) solution of 0.090 g (0.033 mmol) of A
was added OsCIOAgPPh; (0.031 g, 0.066 mmol), and the mixture was
stirred at room temperature for 30 min. After separation of the AgCl,
the resulting solution was treated with ~15 cm® of 'PrOH, partially
evaporated and the red solid was washed with 'PrOH. Yield: 72%.
IR (Nujol): 789, 779 cm~120 Anal. Found (calc for CssF1gH3sPsPt2):
C, 47.68 (47.81); H, 2.99 (2.60).

[(CeF'5)2Pt(u-PPh;);Pd(PPhs)] (4). (a) To an orange solution of
0.250 g (0.097 mmol) of B in CHxCl; (~2 cm?) was added 0.051 g
(0.194 mmol) of PPhs, and the mixture was stirred at room temperature
for 2 min, after which MeOH (~8 cm?) was added. After stirring at

(19) Cotton, F. A,; Falvello, L. R.; Usén, R.; Forniés, J.; Tomds, M.; Casas,
J. M,; Ara, L. Inorg. Chem. 1987, 26, 1366.

(20) X-sensitive mode of the C¢Fs group: Usén, R.; Forniés, J. Adv.
Organomet. Chem. 1988, 28, 188.
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room temperature for 30 min, dark-violet crystals, which were washed
with MeOH, precipitated (83% yield).

(b) Complex 4 can also be prepared (95% yield) by reacting B (0.200
g, 0.078 mmol) and O;CIOAgPPh; under conditions similar to those
used for preparing 3 (method b). IR (Nujol): 788, 778 cm™1.2° Anal.
Found (calc for Cs4F1oH3sP3PdPt): C, 51.32 (51.14); H, 2.98 (2.78).

[(CeFs).Pt(u-PPh;),Pd(PPh;Et)] (5). Complex 5 was prepared as
complex 3 (method a) by reacting B (0.100 g, 0.039 mmol) with PPh,-
Me (16 uL, 0.078 mmol) in CH,Cl, (~3 cm?®) at room temperature.
Yield: 53%. IR (Nujol): 790, 778 cm™1.° Anal. Found (calc for
CsoFioH3sPsPdPt): C, 49.48 (49.23); H, 2.95 (2.89).

[NBuy][(C6F's)2Pt(-PPh;),PtBr(PPhs)] (6). To a red solution of
0.060 g (0.044 mmol) of 3 in CH,Cl, (5 cm?) was added 0.015 g (0.046
mmol) of NBugBr, and the resulting pale-yellow solution was stirred
at room temperature for 2 min and then evaporated to dryness. The
oily yellow residue was treated with PrOH (~10 cm®), and the resulting
yellow solid was washed with ‘PrOH (89% yield). Am: 82 Q7! cm?
mol~!. IR (Nujol): 777,769 cm~'.2° Anal. Found (calc for BrCsFio-
H7NP:P): C, 50.06 (50.06); H, 4.46 (4.26); N, 0.83 (0.83).

INBugl[(CsFs);Pt(u-PPhz);Pd(CN)(PPhs)] (7). KCN (0.019 g, 0.292
mmol) in MeOH (4 ¢m?) was added to a CH,Cl; (20 cm?) solution of
4 (0.300 g, 0.236 mmol). After 10 min stirring at room temperature
NBuClO,4 (0.081 g, 0.237 mmol) was added and the solution was
evaporated to dryness. The residue was extracted with 20 cm? of CHa-
Cl; and precipitated with n-hexane. Yield: 95%. Am: 88 Q7! cm?
mol~!. IR (Nujol): 778, 769 ¢cm™ ;% »(C=N) 2121 cm™!. Anal.
Found (calc for C71F16HnNoPsPdPt): C, 55.77 (55.49); H, 4.52 (4.66);
N, 1.79 (1.82).

[(CsF'5)2Pt(u-PPh).Pt(PPh3)(py)] (8). To a red solution of 0.075
g (0.055 mmol) of 1 in CH,Cl, (5 cm®) was added 1.1 cm® of a CH;-
Cl; solution of Py (0.05 M) and the resulting pale-yellow solution was
stirred at room temperature for 20 min. Evaporation almost to dryness
and addition of ~5 cm’ of n-hexane renders 8 (91% yield). IR
(Nujol): 780, 771 cm™ 1.2 Anal. Found (calc for CsoFioHiNP3Pt,):
C, 49.13 (49.34); H, 2.66 (2.81); N, 0.81 (0.97).

[(CgF5):Pt(u-PPh,),Pt(PPh3)(CO)] (9). Into a red solution of 1
(0.070 g, 0.052 mmol) in CH,Cl, (10 cm?) was bubbled CO at room
temperature for 5 min; n-hexane (15 cm?®) was added to the resulting
yellow solution. CO was bubbled in again for 30 min and the resulting
yellow precipitate was washed with n-hexane Yield: 84%. IR
(Nujol): 784, 775 cm~4,20 »(C=0) 2101 cm~!. Anal. Found (calc
for CssF1gHasOPsPty): C, 48.36 (47.70); H, 2.53 (2.55).

[(CsF5):Pt(u-PPh;):Pd(PPh3)(py)] (10). Complex 10 was obtained
similarly to 8: 0.100 g (0.079 mmol) of 2, Py (11 4L, 0.11 mmol) and
10 cm® of CH,Cl, were used. 10 was precipitated by addition of Et,O.
Yield: 86%. IR (Nujol): 779, 770 em™1.2® Anal. Found (calc for
CsoF10HiNPsPdPt): C, 51.86 (52.59); H, 3.07 (2.99); N, 1.06 (1.04).

[(CsF5)2Pt(u-PPh,),Pt(phen)] (11). To a red solution of 3 (0.025
g, 0.018 mmol) in CHxCL, (4 cm?) was added 1,10-phenH,O (0.004 g,
0.002 mmol), and the solution was stirred at room temperature for 15
min. The yellow solution was evaporated almost to dryness and treated
with MeOH (15 cm®) yielding 11. Yield: 62%.

X-ray Structure Determination of Complex 4. Crystals of 4 for
X-ray analysis were grown by slow diffusion (14 h) of n-hexane into
a very concentrated benzene solution of 4 at 6 °C. Diffraction data
were taken from a block-like red crystal at room temperature, using
routine procedures. An empirical absorption correction was based on
y-scans of 10 scattering vectors. The solution of the structure was
carried out with the comercial program package SHELXTL-PLUS,?1-22
and the final refinement was done by the program Shelxl-93.2 A
summary of important crystal data is given in Table 1.

(21) Crystallographic calculations were done on a Local Area VAXcluster
(VMS V5.5) and on a Hewlett-Packard 715/50 (HP-UX V9.0). Initial
data reduction was done by the program REDU4 (Stoe) Release 7.03.

(22) SHELXTL-PLUS Release 4.21/V (© 1990, Siemens Analytical X-ray
Instruments, Inc.).
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Structure Solution and Refinement. Systematic absences were
consistent with space groups C2, Cm and C2/m. We tested all three
groups thoroughly, as is detailed in the supplementary material; and
as all three gave qualitatively similar results, including for the disordered
moieties (vide infra), we conducted the final refinement using the centric
group C2/m.

The crystallographic asymmetric unit comprises two half-molecules
of benzene and a half-molecule of complex 4. The latter sits across a
crystallographic mirror, with atoms Pt(1), Pd(1) and P(1) lying on the
symmetry element.

We found the triphenylphosphine ligand to be disordered about the
mirror plane. The following description of the disorder is best
considered with reference to Figure 1. The phosphorus atom sits on
the crystallographic mirror. The more distal phenyl group C(19)—
C(24) in the figure is disordered two ways, with the two congeners
possessing a common ipso carbon atom, C(19). A second phenyl site
is related to the first by the mirror plane, and thus comprises two
disordered congeners as well. N.B.: we use the letter “a” to indicate
a symmetry relative and primed atom names to represent a disordered
congener. Thus, in Figure 1, atom C(19a) is the mirror image of atom
C(19). The occupancies of these congeneric phenyl moieties were set
to a ratio of 1:2, to accommodate a random distribution of the acceptable
conformations of PPhs. (A complete description of the model is given
as supplementary material.)

The third pheny! site is also disordered two ways, and is located at
the mirror plane. One congener, C(25) through C(30), lies in the mirror
plane. Its ipso (C(25)) and para (C(28)) carbon atoms are shared with
the second congener, which is roughly perpendicular to the plane. The
two congeners of this phenyl group were refined with 50% site
occupancy each.

In sum, then, the PPh; ligand shows a total of eight potential
conformations, of which two are not chemically reasonable, owing to
a short contact distance (2.73(4) A) betwen carbon atoms of two rings.
The remaining six conformations are consistent with the geometries
of low-energy conformations found in a statistical analysis of structures
containing the moiety Ph;PO.>* Each of the six phenyl group
orientations contributes to at least one of the acceptable overall
conformations.

For the final refinement, all non-hydrogen atoms on fully occupied
positions in compound 4 were refined anisotropically. The partially
occupied sites of the disordered phenyl rings, along with the atoms of
the interstitial benzene moieties, were refined isotropically. Similarity
restraints and restraints to C, symmetry were applied to the phenyl
groups of the PPh; ligand. Hydrogen atoms were included only for
the bridging PPh, ligand; nine were located in a difference map and
one was placed in a calculated position. Each hydrogen atom was
assigned an isotropic displacement parameter equal to 1.2 times the
equivalent isotropic displacement parameter of its parent carbon atom.
Loose restraints were applied to three of the C—H distances. In all,
365 parameters were refined to 5051 data and 114 observational
restraints. Al positive diffraction intensities were used, and the
structure was refined to F,2. The final, convergent refinement gave
the residuals listed in Table 1.
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Supplementary Material Available: A detailed description of the
structural model of compound 4 and its refinement and tables of general
crystallographic data, all atomic coordinates, bond lengths and angles,
and anisotropic displacement parameters (16 pages). Ordering informa-
tion is given on any current masthead page.
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