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Abstract

The binuclear anionic derivatives (NBu 4),[(C;F;),M(p-PPh,),M’'(GF),] (M =
M’=Pd, 1; M=M'=Pt, 2; M =Pd, M’ = Pt, 3) have been obtained by treating
either (NBu,),[(CF),M(p-X),M’(CE;),] (X = Cl, Br) with LiPPh, (1,2) or [cis-
M(C,F;),(PPh,),]?~ with M'(C4F;),(THF), (1,2,3). These binuclear derivatives
react with HCl yielding the tetranuclear complexes (NBu,),[(CiF;),M(p-
PPh,),M’(p-C1),M’(4-PPh,),M(CsF;),] (7: M=M’=Pt; 8: M=M’=Pd; 9:
M = Pt, M’ = Pd). However, 2 and 3 react with HCl in the presence of PPh, to yield
the binuclear asymmetric complexes (NBu ,)[(CsF;),M(u-PPh,),M’(C,F;XPPh,)]
(10: M=M’'=Pt; 11: M =Pt, M’ = Pd). The tetranuclear complexes 7, 8, and 9
react with bidentate ligands yielding the neutral asymmetric binuclear complexes
[(CsFs),M(p-PPh,),M’(L-L)] (5: M=M'=Pt; L-L =dppm; 12: L-L = phen;
13: M =M’ =Pd, L-L = bipy). The salts Li,[M(GF;),(PPh,),] (M = Pd, Pt) react
with PtCl,(dppm), [PY(u-CI)(CgF; Xtht)], or PtCl, to yield [(C¢Fs);M(s-PPh,),Pt-
(dppm)] (4: M =Pd; 5: M = Pt), (NBu )[(GF;),Pt(pu-PPh,),PYCF; Xtht)] (6) or

(NBu ,),[(GF5),PU(u-PPh, ), Pi( P'Cl)zpt(#'PPha) 2Pt(C6F5)2] (7), respectively. These
complexes have been characterized by IR and °F and *'P NMR spectroscopy, the

latter indicating that in all cases no metal-metal bonds are present. The molecular
structure of [(C,F;),Pt(p-PPh,),Pi(phen)] has been established by an X-ray diffrac-
tion study. The Pt... Pt distance (3.5711(9) A) confirms that there is no Pt—Pt bond.

* Dedicated to Prof. F.G.A. Stone on the occasion of his 65th birthday.

0022-328X /90,/$03.50 © 1990 - Elsevier Sequoia S.A.
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Introduction

Polynuclear transition metal complexes containing bridging phosphide (PR, )
groups have recently attracted considerable attention, not only from a synthetic and
structural viewpoint but also because in most cases the versatility of the PR, groups
as supporting ligands allows the retention of the polynuclear framework during
chemical reactions [1-8]. In the course of our researches on pentafluorophenyl-
palladium or -platinum complexes we have synthesized homo- and hetero-metallic,
bi- or tetra-nuclear, neutral or anionic Pd" or Pt"! complexes containing diphenyl-
phospido bridging groups.

The structures of the complexes reported have been established by IR and UF
and 'P NMR spectroscopy, and the molecular structure of the asymmetric com-
pound [(C,Fs),Pt(u-PPh,),Pt(phen)] has been determined by a single-crystal X-ray
diffraction study. There are no metal-metal bonds in these polynuclear complexes.

Results and discussion

(a) Preparation of complexes

The binuclear anionic complexes (NBu,),[(CsFs),M(p-PPh,),M’'(C:F;),] (1:
M =M’=Pd; 2: M =M’ =Pt) can be obtained by reaction of the corresponding
halo complexes (NBu ;),[M,(p-X),(CsFs)4] (M = Pd, X = Br; M = Pt, X = Cl) with
an excess of LiPPh, (molar ratio ~ 1/4) (Scheme 1a). If the reaction is carried out
in a 1/1 molar ratio with the intention of preparing binuclear complexes containing
both (pu-X) and (p-PR,) bridging ligands, a mixture of the corresponding starting
material and complex 1 or 2, respectively, is obtained. Different behaviour has been
observed for binuclear rhodium(I) halide-bridged complexes, which react with
LiPPh, (molar ratio 1/1) to give binuclear >Rh( p-CIX p.-PRz)Rh< complexes [9].
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Scheme 1. Q=NBuy; (a) LiPPh,, THF; (b) Li"Bu, THF; (c) M'(CsF;),(THF),, M=Pd, Pt; (d)
PtCl,(dppm); (€) [Pt(u-CIXCsF;s)tht)];, QClO, (tht = tetrahydrothiophene); (f) PtCl,, QClO,.
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On the other hand, the reaction between cis-M(GF;),(THF), (THF =
tetrahydrofuran) and Li,[M(CFs),(PPh;),] (1/1) (prepared “in situ” by treating
cis-M(CgF;),(PPh,H), with Li"Bu in a 1/2 molar ratio in THF) yields, after
addition of NBu,ClO,, complexes 1 and 2 in similar yields. The heterobimetallic
complex (NBu,),[(CsFs),Pt(u-PPh,),Pd(CsF;),] (3) can be obtained from the
reaction between Li,[Pt(CsF;),(PPh,),] and cis-Pd(C,F;),(THF), (1/1) in THF
(Scheme 1¢).

The terminal phosphido ligands in Li,[cis-M(CGgF;),(PPh,),] are sufficiently
nucleophilic to displace halide ligands from other mononuclear or binuclear
platinum(II) complexes; for example, Li,[M(CF;),(PPh,),] (M = Pd, Pt) reacts
with PtCl,(dppm) (dppm = bis(diphenylphosphinomethane)) in THF (molar ratio
1/1) to yield the binuclear asymmetric neutral complexes [(C,Fs),M(p-
PPh,),Pt(dppm)] (4: M=Pd; 5: M =Pt) (Scheme 1d). Similarly the reaction
between Li, [ cis-Pt(CFs ), (PPh,),] and [Pt(u-CINGF; )(tht)], (tht = tetrahydrothio-
phene) in THF (molar ratio 2/1) yields, after addition of NBu ,ClO,, (NBu ,)[(C,-
F),Pt(p-PPh, ), Pt(GF; X(tht)] (6) (Scheme 1le). However, no reaction takes place
when a THF solution of Li,[cis-Pt(CsF;),(PPh,),] and (NBu,),[(CF;),Pt(p-Cl),-
Pt(CsFs),] (molar ratio 2/1) is stirred at room temperature for 1.5 h.

In an attempt to prepare the binuclear asymmetric compound (NBu 4),[(C(Fs),-
Pt(p-PPh,),PtCl,] we carried out the reaction between Li,[cis-Pt(C,F;),(PPh,),]
and PtCl, in THF at 0° C (molar ratio 1/1), but after addition of NBu ,CIO, to the
resulting solution, the tetranuclear compound (NBu,),[(C¢Fs),Pt(p-PPh,),Pt(pu-
Cl),Pt(p-PPh,),Pt(CyFs),] (7) was obtained (Scheme 1f). The isolation of this
tetranuclear complex does not rule out the presence of the binuclear one in solution,
since 7 could be formed from the binuclear derivative, as in eq. 1, and its lower
solubility could be responsible for the separation of 7.

2[(C4Fs),Pt(p-PPh,),PtCL, "~ ==
[(CeF;),Pt(u-PPh,),Pt(p-Cl),Pt(s-PPh, ),Pt(CeFy ), * ™+ 2C17 (1)

Complex 7 or other similar tetranuclear derivatives can be prepared by an
alternative route. Acetone solutions of (NBu,),[(CsF;),M(p-PPh,),M’(CF;),] (1:
M=M’=Pd; 2: M=M’=Pt; 3: M = Pd, M’ = Pt) react with an aqueous solution
of HCl, molar ratio 1/2) to yield the tetranuclear derivatives (NBu,),[(C,F;), M(p-
PPh,),M’(p-C),M’(u-PPh,),M(CF;),] (7: M=M'=Pt; 8: M=M'=Pd; 9:
M = Pt, M’ = Pd) (Scheme 2a). As can be seen, HCI cleaves two M—C bonds on the
same metal atom, and although the intermediate (NBu,),[(C/F;),M(p-
PPh,),M’Cl,] cannot be isolated, the tetranuclear species are obtained (eq. 1). In
the case of the heterobinuclear complex 3, HCI selectively cleaves the Pd—-C bonds
to give 9, and there is no evidence for the formation of the isomer
(NBu ), [(CgFs), Pd(u-PPh, ) ,Pt(p-Cl) ,Pt(p-PPh, ) ,Pd(C,F;),]. When the reaction
between the binuclear complexes 1 or 2 and HCl is carried out in a 1,/1 molar ratio,
a mixture of the tetranuclear complex 7 or 8 and the corresponding starting material
(identified by its IR spectrum) is obtained. These results indicate that once
[(C¢Fs5)2M(p-PPh, ), M'(G,F;)Cl]*~ is formed, the HCl acts selectively on the
M’—CF; bond of this anion and not on the residual starting material [(C¢F;),M(u-
PPh,),M’(C¢F;),)*". Similar behaviour has been observed for (NBu,),[M(CeX;),]
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Scheme 2. (a) HCI; (b) HCl, PPh;; (c) L-L = dppm, bipy, or phen, respectively; (d) PPh,,
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(M =Pd, X=F, Cl; M=Pt, X =Cl), which react with HCl (molar ratio 1/1) to
yield the corresponding binuclear complexes (NBu 4),[(Cs X 5);M(u-Cl), M(C X 5), ],
along with unchanged starting material, although (NBu,),[Pt(CF;),] under similar
conditions gives the mononuclear compound (NBu,),[Pt(C,F;),Cl} [10,11]. How-
ever, the binuclear complexes (NBu,)(CsF;),M(pu-PPh,),M’(C,F;XPPh;)] (10:
M =M’=Pt; 11: M =Pt, M’ = Pd) are obtained when acetone soluticns of 2 or 3
are treated with aqueous HCl in the presence of PPh, (molar ratio 1,/1/1) (Scheme
2b), so that only one M—C,F; bond per binuclear anion is cleaved. This different
behaviour of HCI towards the binuclear derivatives 2 or 3 in the presence of PPh,
may indicate that the reaction takes place stepwise, and that in the presence of PPh,
the formation of the complexes [(CyF;),M(u-PPh,),M’(C,F;XPPh;)]~, which have
smaller charges, is prefered, and furthermore that these must be less reactive
towards the H* than are [(C4F;),M(p-PPh,),M'(CsF;)]>~. Similar behaviour of
M-C¢Xs bonds towards HCl and L has been observed in other cases; e.g.
(NBu,),[PY(C,Cl;),] reacts with HCl in the presence of L (L = phosphines, stibines)
(molar ratio 1/1/1) to yield (NBu,),[P(CcCls),L] rather than the binuclear
derivative obtained in the absence of L [11,12]. Furthermore the action of an excess
of HCl and PPh; on (NBu,),[(CsFs),Pt(u-PPh,),Pt(CF),] (molar ratio 2/2/1)
leads to formation only of 10, no further M—C¢F; bonds being cleaved.

All the above results are summarized in Scheme 2. In no case is the HCl able to
protonate a phosphido bridging ligand to give a terminal PPh,H group, although it
has recently been reported that some phosphido complexes can be protonated by
acids with fragmentation of the binuclear framework M(u-PPh,),M and formation
of mononuclear species containing terminal PPh,H ligands [13,14].

The tetranuclear derivatives 7, 8 and 9 are useful intermediates for the synthesis
of neutral asymmetric complexes since their reactions with bidentate ligands (L-L)
such as dppm, bipy, or phen, in acetone (molar ratio 1/2) yield the corresponding
[(C¢F;),M(p-PPh,),M’(L-L)] (5: M=M'=Pt, L-L =dppm; 12: L-L = phen;
13: M=M’'=Pd, L-L =bipy) complexes (Scheme 2c). When the reaction is
carried out in a 1/1 molar ratio the binuclear complexes 5, 12, 13 are obtained
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Table 1
Analyses, conductivities 2, and relevant IR data (cm ™) for the complexes
Complex Analysis (Found (calcd.X%)) AM (chm~! X-sensitive Other
C H N e mol™?) bands
Qu(CeFs)oPA(wPPh,),PA(CeF;),] 5543 556 163 176 762, 752
) (5538)  (5.34)  (L61)
Q,(CsFy),Pt(u-PPh,),PuCsFy),] 4995 472 139 172 774, 762
@ (5021) (484) (1.46)
Q,[(CeFs),Pt(p-PPh,),PA(CEs),] 5289 539 147 166 774, 762,
3 (5265) (5.00) (1.53) 750
(C4Fs),Pd(3-PPh,), Pt(dppm) 5283 321 - . 778, 770
@ (5271)  (3.04)
(C4Fs),Pt(u-PPh,),Py(dppm) e 29 - n.c. 768. 761
&) (49.54)  (2.86)
QI(C,F;),Pt(s-PPh,),PHC,F, (tht)] 4681 450 099 81 719, 762
©® (46.76) (4.05) (0.88)
Q,[(GF,),PUp-PPh,),PYp-Cl)], 4541 430 094 168 779,770 250°
%) (4550) (411) (1.02)
Q,[(CsFs),Pd(p-PPh,),Pd(n-CD], 5237 467 103 192 767,760 248
® (5225) @472) (.17)
Q,[(CFs) Pi(wPPh,),PA(-CD], 4840 438 092 168 781,771 248°
¢)] (48.65) (4.40) (1.09)
Q(GsFs), P(p-PPh, ), PYCFs )
(PPh,)] 5158 426 061 81 783, 775,
19 (51.68) (4.05) (0.79) 767
QI(GsFs), PY(p-PPh, ), PA(CeFs)-
(PPh,)] 53.95 4.35 091 92 773, 765
an (5441) (426) (0.83)
[(CgFs)2Pt(u-PPh, ), Pt(phen)} 45.00 2.30 231 n.c. 778,770
(12) 4522) (21) (2.20)
[(C4F;),Pd(p-PPh,), Pd(bipy)] 5147 263 261  nc. €
(13) (51.08) (260) (2.44)
cis-Pd(C,F;),(PPh,H), 5325 273 - nc. 782,774 23249
(14) (5321)  (273)
cis-PU(CgF;),(PPh, H), 4856 264 - nc. 794,783 23297
(15) (47.96) (2.46)

“In ~5x10"*mol dm™?; n.c. = non-conducting. ® »(M-Cl). ¢ Absorptions due to bipy in this region
precludes unambiguous assignment. ? »(P-H).

along with unchanged starting material. On the other hand, complex 12 reacts with
dppm in CH,Cl, (molar ratio 1/1) to yield 5.

Finally, complex 6 reacts with PPh, in CH,Cl, (molar ratio 1/1) by displace-
ment of the tetrahydrothiophene (tht) to yield 10 (Scheme 2d). In no case does the
action of neutral monodentate or bidentate ligand, even in an excess, on these
polynuclear complexes lead to cleavage of the M(p-PPh,),M’ system.

Analytical and conductivity data along with relevant infrared absorptions related
to the G Fs group are listed in Table 1.

(b) Spectroscopic characterization of the complexes
The IR spectra of all the complexes show bands characteristic of the CsF; group
near 1500, 1050, 950 and 800 cm ™! [15). Table 1 lists the absorptions assigned to the
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Table 2
19F NMR spectroscopic data ¢
Complex 8(F,) 8EF,) 8(F,) J(Pt-F,))
1 —108.3 —165.3 —1670 -
2 -1119 —166.3 —~168.2 316.0
3 —108.5 —165.3 ~167.0 -
—111.7 —166.6 —168.0 325.9
4 -110.2 —1645 -
5 —113.3 —1656 309.6
6 —-112:6 b b 3262
-113.0 3226
—-114.6 260.2
7 —113.8 —-165.7 —166.5 329.8
8 -110.5 —164.9 —165.5 -
9 -113.7 —165.8 —166.5 316.9
10 -1124° 5 b 3234
-113.1 2228
11 -110.6 -167.1 —164.7 -
-1122° —166.0 —163.5 3298
12 -113.7 —-165.5 —165.8 315.6
13 -110.3 —164.5 —164.3 -
144 -116.3 -164.1 -162.0 -
15¢ -118.9 —164.8 -162.7 3354

28 relative to CFCI 3, J in Hz; solvent acetone-ds. Complex multiplets which could not be unabigu-
ously assigned. © This signal is due to the C;F; groups bonded to the same platmum centre. Although the
two groups are inequivalent, only one signal, with double intensity is observed. ¢ in CDCl,.

X-sensitive mode of this group that are of structural interest. Two bands with the
same intensity are observed for complexes containing two CgFs groups per metal
centre, which indicates [16] that the C¢F; groups are mutually cis. Complex 3 shows
three bands, indicating that the C,F; groups are bonded to different metal centres
Complexes 6 and 11 were expected to show three bands in view of their stoichiome-
try but only two of them were observed.

Bands in the 500 cm™! region due to the PPh, group are observed in the
phosphido complexes. Complexes 14 and 15 show absorptions in the ~ 850 and
2300 cm™? regions, assigned respectively to a P-H deformation mode and »(P-H)
of the PPh§ ligand {17].

!F and *'P NMR specta. The F NMR spectral data for solutions in acetone-d
are listed in Table 2, and are consistent with the proposed structures. As usual, in all
cases the o-F and m-F of each CFs group are isochronous. The p NMR spectra
provide valuable mformauon on the structure of the complexes (Table 3). The
corresponding R (PPh,) signals appear in all cases at very high field (in the
range —95 to —150 ppm (relative to H,PO,)), indicating the absence of metal-metal
bonds in the complexes.

Published data show that upfield (6 +50 to —200) resonance are usually found
for p-PPh, ligands bridging two metals not joined by a metal-metal bond [18-20].
Complexes 1, 2, 3, 7, 8, 9, 12, 13, containing two equivalents (u-PPh,) ligands, show
one signal assignable to the phosphldo ) groups; for complexes containing platmum
atoms, platinum satellites due to the "’Pt (33 7% I %) are observed with .I(Pt—P)
values ranging from 2615 to 1668 Hz. No .I(Pt—P) coupling was observed for
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complex 7. The spectrum of 6 shows a characteristic first order AB system,
indicating the presence of two meqmvalent (#-PPh,) ligands. Since both platinum
atoms are inequivalent four J(Pt P) coupling constants can be observed. The
coupling constants (*(Pt-P)) corresponding to the signal at § —148.3 ppm are
1623 and 1776 Hz, and the signal at § —130.7 shows platinum satellites with
1J(Pt—P) 1911 and 2134 Hz. In the light of these observations it seems reasonable to
assume that the signal at § —148.3 ppm is due to the phosphido ligand cis to the
tht group, since the coupling constants for this signal are more similar than are
those ones for the other signal. The spectrum of 11 is consistent with the presence of
three inequivalent P atoms. The s1gnal at lowest field can be assigned to the PPh,
ligand. It should be noticed that J(PR3 PR, ,,..;) is larger than “J(PR, -PR, ),
and that no J(PR3 PR, ;) coupling is observed. For 10 the complexity of the
signals in the region corresponding to PPh, precludes and unequivocal assignment
of the various parameters, but the parameters for the PPh, signal can be assigned.

The spectra of 4 and § can be analyzed in terms of an AA’ XX’ spin system with
platinum satellites. The various parameters related to these spectra have been
computed by standard methods [21,22] and are listed in Table 3. Figure 1 shows the
half spectrum in the dppm region for complex 4.

(c) Structure of [(C,F;)},Pt(u-PPh,), Pt(phen)] (12)

The structure of 12 was determined by a single-crystal X-ray diffraction study.
General crystallographic information is presented in Table 4, Fractional coordinates
of non-hydrogen atoms are given in Table 5. Bond distances and bond angles are
listed in Table 6. The structure of 12 (Fig. 2) consists of a binuclear complex formed

Table 3

*'p ('H) NMR data (8 in ppm, J in Hz) (relative to H,POj, solvent acetone-dg)

1 3
S5 6/L

R "1 14

8].2 83.4 IJ 1.5 ’ IJ 1.6 1',2.5 1', 2.6 1-’3.6 2"1 2 ZJ 1.3 2', 23 2"3.4
1 -105.6
2 —1469 1787
3 —1282 1668
4 -1056 -289 1603 1694 1589 18 270 30°
5 -1056 —290 {1609" 1697 159° 17 272 30°
1589
{1623"
6 —1483 17717 142
-130.7 1911¢ 2134°
7 -1394 1941¢ 2616 °¢
8 —-113.1
9 1332 1761
0 ¢ 19.9 2129 316
11 -1322 214 1602 163 326
-1094 1737
12 -1320 1849° 2163°¢
13 —96.0

N Jaar| and | Jyexr | ® The two coupling constants could not be assigned unequivocally.  These values
were assigned by taking into account the high frans-influence of the C4F; group. ¢ See text.
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echisdtll)

7 T T T T T T T
-28 -4s
Fig. 1. The half spectrum (*'P NMR) of the dppm area for [(C4F),Pd(s-PPh,),Pudppm)] (4). The
horizontal axis is labeled in ppm.

by two different and distorted square planar platinum environments which share an
edge containing the P atoms of both PPh, bridging ligands. Within the Pt,P, ring,
the Pt—Pt distance (3.5711(9) A) [29] indicates that no metal-metal bond is present
(in agreement with the 'p NMR data). Because of the long Pt—Pt distance, the

Fig. 2. Molecular structure of [(CgFs), Pt(p-PPh, ), Pt(phen)] (12) showing the atom labelling scheme.



Table 4

Crystal data and details of the crystallographic study of (CsFs),Pt(p-PPh,),Pt(phen) °
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Formula C“HnNz FIQPIPtz

M 1274.9

Crystal system Triclinic

Space group Pl

z 2

a(A) 11.155(2)

b (A) 11.935(3)

c(A) 17.575(4)

a(®) 72.301(21)

B(°) 72.142(17)

v (°) 78.211(18)

V(A% 20774

Diffractometer Enraf-Nonius CAD 4

T(K) 29341

Radiation Mo-K,

A (A) 0.71069

p (Mo-K,) (em™1) 70.9, empirical absorption correction
was applied [35].

#-range (°) 1-25°

Mode §-28 scans

Data measured 7815

Data used 6279 (F> 40(F))

Solution Direct methods, A F syntheses

Refinement Full-matrix least squares

Model All atoms anisotropic. H atoms non
resolved. Rigid planar hexagons for
C¢H, groups.

Weighting scheme w™l= g2 (F) +0.002009( F?)

R, 0.0382

R 0.0323

Variables 529

“ Suitable crystals were obtained by slow diffusion (ca. 2 weeks at —30° C) of n-hexane into a solution of
the complex in acetone.

Pt—P-Pt angles are 102.7(1) and 103.2(1)°. Similar Pt...Pt distances (3.585(1) or
3.699(1) A) and Pt—P-Pt angles (102.8(1), 103.9(1)°) have been observed for other
neutral [PtCI(PPh,XPPh,H)], or cationic [Pt(PPh,XPh,PCH,CH,PPh,)],Cl,
platinum(II) phosphido complexes [18] without Pt—Pt bonds. The small P-Pt-P
angles (74.7(1) and 75.4(1)°) are the result of the long Pt(1)...Pt(2) distance and
the large Pt(1)-P-Pt(2) angles. The Pt,P, ring is not planar, the dihedral angles
formed by the planes Pt(1)-P(1)-P(2) and Pt(2)-P(1)-P(2) or Pt(1)-P(1)-Pt(2) and
Pt(1)-P(2)-Pt(2) being 160.93(7) and 155.64(8)°, respectively. The four Pt—P dis-
tances are slightly different, and fall in the range 2.269(1)-2.294(1) A.

The square planar environments of both platinum atoms are different. Pt(1) is
bonded to two phosphido and two pentafluorophenyl groups, and the correspond-
ing Pt—C distances (2.099(6) and 2.069(5) A) lie close to the top of the range found
for Pt—C distances in other pentafluorophenylplatinum(Il) complexes [23-27];
shorter Pt—C distances have been found in complexes such as (NBu,),[(C/Fs),-
Pt(p-Cl),Py(C,F,),] (1.977(10) and 1.991(10) A) [26] or [PYC4F;)(#-Br)Pd(n*-1,5-
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Table 5

Fractional atomic coordinates (X10*) and their estimated standard deviations for (CyFs),Pt(u-
PPh,); Puphen)

x y z B(AY)*“
Ptl 2099(1) 7006(1) 2162(1) 2.36(2)
P2 65(1) 9669(1) 2413(1) 2.51(2)
P1 391(1) 7718(1) 3084(1) 2.46(10)
P2 2037(1) 9024(1) 1722(1) 2.58(10)
N1 —1661(5) 10244(4) 3206(3) 2.99(37)
N2 —345(5) 11438(4) 1712(3) 3.13(37)
(o] —2245(6) 9696(6) 3956(4) 3.45(46)
2 —3298(7) 10211(7) 4462(5) 4.26(56)
C3 —3785(7) 11321(7) 4148(5) 4.47(59)
C4 —3191(6) 11983(6) 3339(5) 3.80(51)
s —2113(6) 11408(5) 2887(4) 3.08(45)
6 ~1458(6) 12039(5) 2103(4) 3.04(44)
C7 —1872(6) 13185(6) 1757(5) 3.89(52)
C8 —-3013(7) 13761(6) 2217(6) 4.62(60)
c9 —3626(7) 13193(7) 2965(6) 4.89(64)
C10 —1202(8) 13751(7) 958(6) 5.29(66)
C11 -107(T) 13149(6) 565(5) 4.64(58)
c12 305(7) 11993(6) 971(5) 4.12(53)
C13 2003(6) 5182(5) 2675(4) 2.84(42)
Cl4 2648(6) 4519(6) 3243(4) 3.39(46)
c1s 2608(7) 3326(6) 3588(4) 415(51)
C16 1881(7) 2752(6) 3371(5) 4.27(55)
C17 1268(7) 3337(6) 2792(5) 4.31(57)
ci8 1334(7) 4550(6) 2454(4) 3.73(51)
C19 3630(6) 6688(5) 1200(4) 2.59(39)
C20 4874(6) 6584(5) 1211(4) 3.35(47)
c21 5881(6) 6490(6) 555(4) 3.79(49)
Cc22 5669(8) 6450(6) —-173(5) 5.06(61)
C23 4476(8) 6520(6) —232(9) 3.93(52)
24 3474(T) 6624(6) 462(5) 3.81(51)
c25 651(4) 7574(3) 4084(2) 2.67(39)
C26 792(4) 6460(3) 4630(2) 4.12(52)
C27 1075(4) 6353(3) 5371(2) 5.26(67)
C28 1219(4) 7360(3) 5565(2) 5.55(73)
C29 1078(4) 8474(3) 5018(2) 5.32(71)
C30 794(4) 8581(3) 4277(2) 4,10(54)
C31 —1080(3) T050(4) 3299(3) 2.93(40)
C32 -1903(3) 6765(4) 4086(3) 4.49(55)
C33 —3041(3) 6355(4) 4185(3) 5.44(68)
C34 —3356(3) 6271(4) 3496(3) 6.44(83)
C35 —2533(3) 6596(4) 2709(3) 6.5287)
C36 —1395(3) 7005(4) 2611(3) 4.27(56)
C37 2388(4) 9621(4) 610(2) 2.94(40)
C38 3386(4) 10283(4) 139(2) 3.80(47)
C39 357%4) 10703(4) -7172) 4.73(56)
C40 2773(4) 10460(4) ~1101(2) 4.71(57)
C41 1775(4) 9797(4) —630(2) 6.00(74)
C42 1582(4) 9377(4) 226(2) 4.55(58)
Ca3 3107(4) 9580(3) 2092(3) 3.01(42)
C44 3739(4) 8769(3) 2643(3) 3.78(49)
c4s 4515(4) 9157(3) 2976(3) 4.69(61)
Cc46 4658(4) 10358(3) 2758(3) 5.01(66)

C47 4026(4) 11169(3) 2207(3) 4.75(62)
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Table 5 (continued)

x y z B(AY)“
C48 3250(4) 10781(3) 1874(3) 3.66(48)
F1 3392(4) 5044(4) 3496(3) 4.52(32)
F2 3288(5) 2726(4) 4148(3) 6.12(38)
F3 1845(5) 1583(3) 3731(3) 6.91(43)
F4 599(6) 2775(4) 2549(3) 7.03(50)
F5 678(5) 5091(4) 1882(3) 5.27(38)
F6 5154(4) 6590(4) 1909(3) 481(34)
F7 7092(4) 6416(4) 590(3) 5.56(36)
F8 6680(5) 6331(4) —838(3) 6.88(41)
F9 4290(5) 6451(5) —916(3) 6.43(44)
F10 2317(4) 6669%(4) 367(3) 5.25(39)

“ B, anisotropic atoms.

CgH,; )(-Br)PY(CeFs)(u-Br)Pd(5*-1,5-CgHy, )(u-Br)] (1.974(9), 1.967(9) A) [28]
probably as a consequence of the high trans-influence of the bridging phosphido

oup. On the other hand, P(1) and P(2) are both closer to Pt(2) (2.27%(1), 2.269(1)
g) than they are to Pt(1) (2.294(1), 2.288(1) A), in accordance with the higher
trans-influence of C4F; than of the N donor ligand. As a consequence of the small
P(1)-Pt(1)-P(2) angle (74.7°), the remaining angles at the Pt(1) atom are all greater
than 90°, the P-Pt(1)-C angles being larger (94.9(2) and 99.3(2)°) than the
corresponding C(13)-Pt(1)-C(19) (91.1(2)°) angle. The Pt(1) environment is very
close to planar; the dihedral angles formed by the planes C(13)-Pt(1)-C(19) and
P(1)-Pt(1)-P(2) or P(1)-Pt(1)-C(13) and P(2)-Pt(1)-C(19) are 177.58(16) and
177.74(18)°, respectively [29]. Pt(2) is bonded to two phosphido groups and to the
phen ligand, and because of the small values of the P(1)-Pt(2)-P(2) (75.4(0)°) and
N(1)-Pt(2)-N(2) (78.7(2)°) [30], the corresponding P(1)-Pt(2)-N(1) and P(2)-
Pt(2)-N(2) are larger than 90° (101.6(1) and 105.2(1)°, respectively). The Pt(2)
environment deviates more from planarity than does that of Pt(1). The correspond-
ing dihedral angles formed by the planes N(1)-Pt(2)-N(2) and P(1)-Pt(2)-P(2) or
P(1)-Pt(2)-N(1) and P(2)-Pt(2)-N(2) are 168.78(14) and 171.05(12)°, respectively
[29].

Experimental

C, H and N analyses were carried out with a Perkin Elmer 240B microanalyzer.
IR spectra were recorded on a Perkin Elmer 599 spectrophotometer (range 4000-200
cm™!) with Nujol mulls between polyethylene plates. ls'F and *'P NMR spectra
were recorded on a Varian X1.200 instrument (200 Mz for H) Conductivities were
measured with a Philips PW 9501 /01 conductimeter (acetone solutions,c ~ 5 X 10™*
M).

Published methods were used to prepare the following starting materials: cis-
PYCF;),(THF), [28], cis-Pd(CsFs),(THF), (28], LiPPh, [31], (NBu,),[Pt,(p-
CD,(CsFs)a), [32], (NBu,),[Pd,(p-Br),(GeFs) 4 [33], [PUp-CINCFs Xtht)], [34]).

cis-M(C,F;),(PPh,H), (14: M = Pd; 15: M = P1)
M =Pt: To a CH,Cl, (20 ml) solution of cis-Pt(C,F;),(THF), (0.700 g, 1.039
mmol) was added PPh,H (0.362 ml, 2.078 mmol), and the mixture was stirred at
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room temperature for 1 h. The solution was concentrated to ca. ~2 ml and
n-hexane (20 ml) was added. The white precipitate was washed with n-hexane 18,
90% yield. 14 was prepared similarly in 85% yield.

(NBu,),[MM'(3-PPh,),(C;F;),] (1: M=M'=Pd 2 M=M'=Pt; 3: M=P,
M’ =Pd)

Preparation of 2

(a) From (NBu ), [Pt,(n-Cl),(CsFs),]. To a solution of LiPPh, (2.027 mmol) in
THF (10 ml) at 0° C, was added (NBu),[Pt,(p-Cl),(C;F;),] (0.800 g, 0.496 mmol)
and the mixture stirred at room temperature for 7 h. The solution was evaporated to
dryness and the oily residue was extracted with Et,O (10 ml) and the extract was
evaporated to dryness. The resulting white solid was washed with 'PrOH and
recrystallized from CH,Cl,/'PrOH, 67% vield.

(b) From cis-PY(CyzF;),(PPh,H),, A THF (10 ml) solution of cis-
Pt(C,F;),(PPh,H), (0.527 g, 0.584 mmol) was treated with Li®Bu (1.703 mmol) in
hexane and cis-Pt(C Fs),(THF), (0.394 g, 0.585 mmol) was subsequently added.
The mixture was stirred at room temperature for 20 min, then evaporated to
dryness. The residue was extracted with Et,0 (20 ml) and the extract evaporated to
dryness. The residue was treated with 'PrOH (30 ml) and NBu ,C10, (0.400 g, 1.169
mmol) was added to the filtered solution to produce white crystals of 2, which was
washed with 'PrOH. Yield 62%.

Complex 1 was prepared by treating (NBu 4),[Pd,(u-Br),(CsF;),] (0.836 g, 0.548
mmol) with LiPPh, (1.953 mmol). The work up was similar to that for 2 (method a).
Yield 46%.

Complex 3 was obtained in the same way as 2 (method b), cis-Pt(C¢F;),(PPh,H),
(0.400 g, 0.444 mmol); 0.945 mmol of Li"Bu; cis-Pd(CF;),(THF), (0.260 g, 0.444
mmol). After the extraction with Et,O and removal of the ether, the residue was
extracted with 20 ml of CH,Cl, and the extract evaporated to dryness. The residue
was taken up in MeOH (20 ml) and NBu ,ClO, (0.304 g, 0.888 mmol) was added, to
produce a yellow solid (3), which was washed with MeOH. Yield 45%.

(NBu,)[(CsF;), M(u-PPh,),M'(CsF;)L] (6: M =M’ =Pt, L=tht; 10: M=M' = Py,
L=PPh,; 11: M=Pt, M’ = Pd, L= PPh;)

Complex 6. To a THF solution (15 ml) of cis-Pt(CgFs),(PPh,H), (0.400 g,
0.444 mmol) and 0.945 mmol of Li"Bu was added [Pt(u-CI)}(C;Fs)(tht)], (0.215 g,
0.221 mmol). The mixture was stirred at room temperature for 3 h. The solution was
evaporated to dryness, the residue extracted with 30 ml of CH,Cl, ;md the extract
was filtered and evaporated to dryness. The residue was taken up in 'PrOH (30 ml),
the colourless mixture was filtered, and NBu ,ClO, (0.152 g, 0.444 mmol) added, to
give crystalline 6, which was washed with "PrOH. Yield 67%.

Complex 10

(a) From 6. To a colourless dichloromethane solution of 6 (0.100 g, 0.063 mmol)
was added PPh, (0.0165 g, 0.063 mmol). The mixture was stirred at room tempera-
ture for 24 h, then evaporated almost to dryness. Addition of 'PrOH (20 mi)
produced a precipitate of 10, which was washed with 'PrOH. Yield 45%.

{b) From 2. A solution of 0.150 g (0.078 mmol) of 2 in acetone (15 ml), was
treated at room temperature with 0.078 mmol of HCI in water and PPh, (0.020 g,
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0.078 mmol). The mixture was kept for 5 h then evaporated almost to dryness and
'PrOH (15 ml) was added. The white prec1p1tate (10) was washed with 'PrOH. Yield
76%.

Complex 11 was obtained similarly from 3 (0.150 g, 0.082 mmol), HCl (0.082
mmol) and PPh; (0.0215 g, 0.082 mmol). Recrystallization was from acetone/
isopropanol. Yield 71%.

(NBu,), [(CsFs), P{(p-PPh, ), Pt(p-Cl), Pt(p-PPh, ), P{Cs Fy ), ] (7)

(a) From 2. To an acetone (20 ml) solution of 2 (0.150 g, 0.078 mmol) was
added 0.156 mmol HCI] in water and the mixture was stirred at room tempcrature
for 5 h. The solution was evaporated almost to dryness and addition of 'PrOH (15
ml) with vigorous stirring gave a precipitate of 7, which was washed with 'PrOH.
Yield 80%.

(b) From cis-Pt(C4F;),(PPh,H),. PtCl, (0.050 g, 0.188 mmol) was added to a
THF (10 ml) solution of Li"Bu (0.399 mmol) and cis-Pt(C,4F;),(THF), (0.168 g,
0.186 mmol) at —10°C, and the mixture was stirred for 90 min then evaporated to
dryness. The residue was extracted with CH,Cl, (20 ml) and the extract evaporated
to dryness. Addition of '"PrOH produced a dark solution, the addition of NBu ,ClO,
(0.063 g, 0.186 mmol) resulted in crystallization of 7. Yield 43%.

(NBu,), [(C;F;),Pd(u-PPh,), Pd(u-Cl), Pd(u-PPh ), Pd(CsF;), ] (8)

This compound was synthesized in the same way as 7 (method a) from 1 (0.083 g,
0.047 mmol) and aqueous HCl (0.094 mmol). The oily residue obtained after
evaporation to dryness was disolved in a mixture of acetone (10 ml) and 'PrOH (15
ml), and concentration of the solution to ~ 10 ml yielded 8, which was washed with
'PrOH. Yield 70%.

(NBu,);[(CsF5), Pt(p-PPh, ), Pd(u-Cl), Pd(u-PPh ), PY(CG F), ] (9)
Complex 9 was obtained similarly from 3 (0.150 g, 0.082 mmol) and aqueous HCI
(0.164 mmol). Yield 94%.

(CsFs),M(u-PPhy),M’(L-L) (5: M=M'=Pt, L-L=dppm; 4: M=Pd M’ =
L=dppm; 12: M=M'= Pt, L-L = phen; 13: M =M’ = Pd, L-L = bipy)

Complex 5. To a THF (10 ml) solution of cis-Pt(CsF;),(PPh,H), (0.150 g,
0.166 mmol) and Li"Bu (0.424 mmol), at 0°C, was added PtCl,(dppm) (0.108 g,
0.166 mmol). The mixture was stirred for 2 h at 0°C and overnight at room
temperature, and then evaporated to dryness. The residue was extracted at room
temperature with Et,O (5 ml) and the extract evaporated io dryness. The residue
was extracted with CH,Cl, (20 ml) and the extract evaporated to ca. 5 ml. Addition
of CHCI; (15 ml) and concentration to ca. 2 mi produced a yellow precipitate of 5
which was washed with 1 ml of CHCl; and 2 X 2 ml of Et,0. Yield 43%.

Complex 4 was obtained similarly. Yield 23%.

Complex 12. To an acetone (15 ml) solution of 7 (0.100 g, 0.036 mmol) was
added 1,10-phen- H,O (0.015 g, 0.076 mmol), and the mixture stirred at room
temperature for 7 h. The solution was evaporated to ca. 3 ml, and addition of
MeOH (~ 5 ml) then gave 12, which was washed with MeOH. Yield 77%.

Complex 13. To an acetone (~ 15 ml) solution of 8 (0.066 g, 0.027 mmol) was
added 2,2’-bipy (0.0094 g, 0.060 mmol). The mixture was stirred at room tempera-
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ture for 5 h, then evaporated almost to dryness. Addition of iPrOH (~ 20 ml) gave
solid 13 (93% yield), which was washed with 'PrOH.
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