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The binuclear anionic derivatives (NBu.&[(GF,),M(p-PPh,),M’(CkF,),I (M = 
M’ = Pd, 1; M = M’ = Pt, 2; M = Pd, M’ = Pt, 3) have been obtained by treating 
either (NBu,),[(~F,),M(@Q,M’(~F,)~] (X = Cl, Br) with LiPPhz (1,2) or [cis- 
WGF,>,PPhd,12- with M’(GF,),(THF), (1,2,3). These binuclear derivatives 
react with HCl yielding the tetranuclear complexes (NBu,),[(GF,),M(p- 
PPh2)2M’(~-Cl)2M’(~PPh,),M(~F~)~] (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,)[(C,F,),M(p-PPh,)2M’(GFS)(PPh3)] 
(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 
[(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). The salts Li,[M(GF,),(PPh&] (M = Pd, Pt) react 
with PtWdppm), ~pt(~--c1XC,F,XWL or PtCl* to yield [(GF,),M(p-PPh,),Pt- 
(dppm)l (4: M = Pd; 5: M = Pt), (NBu,)[(~F,),Pt(~--PPh,),Pt(~F,Xtht)l (6) or 
(NBu,)2[(~F,),Pt(~-fPh,),~(ccC1)2pt(~-PP~~)2~~~)11 Q, resp=tively. The= 
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 [(GF,),Pt(p-PPl~)~Pt(phen)] hp 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. 

l Dedkted to Prof. F.G.A. Stone on the occasion of his 65th birthday. 
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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 [l-8]. In the course of our researches on pentafluorophenyl- 
pahadium 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 19F 
and 31P NMR spectroscopy, and the molecular structure of the asymmetric com- 
pound [(C,F,),Pt(kPPh,),Pt(phen)] has been determined by a singlecrystal X-ray 
diffraction study. There are no metal-metal bonds in these polynuclear complexes. 

(a) Preparation of complexes 
The binuclear anionic complexes (NBu4)2[(~F,),M(~-PPh,),M’(~F5)z] (1: 

M = M’ = Pd; 2: M = M’ = Pt) can be obtained by reaction of the corresponding 
halo complexes (NBu&[Mz(~-X)&F,),1 (M = Pd, X = Br; M = Pt, X = Cl) with 
an excess of LiPPh, (molar ratio - l/4) (Scheme la). If the reaction is carried out 
in a l/l molar ratio with the intention of preparing binuclear complexes containing 
both (pX) and (/.-PR2) 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 l/l) to give binuclear >Rh(p-C1)@PR2)Rh< complexes [9]. 
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Scheme 1. Q=NBu4; (a) L.iPPh,, THF; @) fi”Bu, THF; (c) M’(C,jF&(TW,, M=Pd, Pt; (d) 
PtCl,(dppm); (e) [Pt($l)(~F5Xtht)12, Clod (tht = tetrahydrothiophene); (4 PQ, WQ. 
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On the other hand, the reaction between cis-M(GF,),(THF), (THF = 
tetrahydrofuran) and Li,[M(GF,),(PPh,),] (l/l) (prepared “in situ” by treating 
cis-M(GF,),(PPh,H), with Li”Bu in a l/2 molar ratio in THF) yields, after 
addition of NBu,ClO,, complexes 1 and 2 in similar yields. The heterobimetallic 
complex (NBus)2[(~F5),Pt(fi-PPh,),Pd(~F5)J (3) can be obtained from the 
reaction between LiJPt(qF,),(PPh,),] and cis-Pd(c$F,),(THF), (l/l) in THF 
(Scheme lc). 

The terminal phosphido ligands in Liz[cis-M(~F5)2(PPh2),1 are sufficiently 
nucleophilic to displace halide ligands from other mononuclear or binuclear 
platinum(II) complexes; for example, Li,[M(c$F,),(PPh,),] (M = Pd, Pt) reacts 
with PtCl,(dppm) (dppm = bis(diphenylphosphinomethane)) in THF (molar ratio 
l/l) to yield the binuclear asymmetric neutral complexes [(GF,),M(p- 
PPh,),Pt(dppm)] (4: M = Pd; 5: M = Pt) (Scheme ld). Similarly the reaction 
between Li,[cis-Pt(C,F,),(PPh,),] and [Pt(@l)(C,F5)(tht)], (tht = tetrahydrothio- 
phene) in THF (molar ratio 2/l) yields, after addition of NBu,ClO,, (NBu,)[(G- 
F,),Pt(p-PPh,),Pt(GF,)(tht)] (6) (Scheme le). However, no reaction takes place 
when a THF solution of Li,[ cis-Pt(GF,),(PPh,),] and (NBu,),[(~F,),Pt(pCl),- 
Pt(GF,),] (molar ratio 2/l) is stirred at room temperature for 1.5 h. 

In an attempt to prepare the binuclear asymmetric compound (NBu,)J(GF,),- 
Pt(p-PPh,),PtCl,] we carried out the reaction between Li2[cis-Pt(GF,),(PPh,),l 
and PtCl, in THF at 0 o C (molar ratio l/l), but after addition of NBu,ClO, to the 
resulting solution, the tetranuclear compound (NBu,),[(~F,),Pt(C1_PPh,),Pt(Cr- 
C1),~(c(-PPh~)2Pt(c,F,),l (7) was obtained (Scheme If). 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. 

Complex 7 or other similar tetranuclear derivatives can be prepared by an 
alternative route. Acetone solutions of (NBu4)2[(GFs)2M(p-PPh2)2M’(C6F5)2] (1: 
M = M’ = Pd; 2: M = M’ = Pt; 3: M = Pd, M’ = Pt) react with an aqueous solution 
of HCl, molar ratio l/2) to yield the tetranuclear derivatives (NBuJ~[(GF~)~M(,+ 
PPh,),M’(p-Cl),M’(p-PPh,),M(C,F,),] (7: M = M’ = Pt; 8: M = M’ = Pd; 9: 
M = Pt, M’ = Pd) (Scheme 2a). As can be seen, HCl cleaves two M-C bonds on the 
same metal atom, and although the intermediate (NBu,),[(C,F,),M(~- 
PPh,),M’Cl,] cannot be isolated, the tetranuclear species are obtained (eq. 1). In 
the case of the heterobinuclear complex 3, HCl selectively cleaves the Pd-C bonds 
to give 9, and there is no evidence for the formation of the isomer 
(NBu,),[(C,F,),Pd(lc-PPh,),Pt(clcCl),Pt(Cr-PPh,),Pd(C,F,),]. When the reaction 
between the binuclear complexes 1 or 2 and HCl is carried out in a l/l 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,F,),M(cL-PPh~)~M’(C,F,)C1]z- is formed, the HCl acts selectively on the 
M’-C,F, bond of this anion and not on the residual starting material [(C,F,),M(p- 
PPh2)2M’(C,F,)2J2-. Similar behaviour has been observed for (NBu,),[M(C,X,),] 
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(7:M.M’zPt; 
a:M=M’:Pd’ c 
O;M=Pt,M’&d) 

9 
Ws, /PPh,\ 

MN M’ 
,PPh3 

d PPh/ ‘&F> 

(10:M:M:Pt; 
11: M.Pt.M’=Pd) d 

I 

Ws, ,PPh, ,L 

&F,’ Y----PPhz/MA L 
’ 1 

(5: M=M’=Pt, L-L=dppm; 
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(M = Pd, X = F, Cl; M = Pt, X = Cl), which react with HCl (molar ratio l/l) to 
yield the corresponding binuclear complexes (NBu~)~[(~X,),M(~~_C~)~M(~X~),], 
along with unchanged starting material, although (lUBu,),[Pt(GF,),] under similar 
conditions gives the mononuclear mmpound (NBu,),[Pt(GF,),Cl] [lO,ll]. How- 
ever, the binuclear complexes (NBuJ(GFs),M(p-PPhPh,),M’(CaF,XPPhs)] (10: 
M = M’ = Pt; 11: M = Pt, M’ = Pd) are obtained when acetone solutions of 2 or 3 
are treated with aqueous HCI in the presence of PPh, (molar ratio l/l/l) (Scheme 
2b), so that only one M-C$F, bond per binuclear anion is cleaved. This different 
behaviour of HCl towards the binuclear derivatives 2 or 3 in the presence of PPh3 
may indicate that the reaction takes place stepwise, and that in the presence of PPh, 
the formation of the complexes [(QF,),M(p-PPh&M’(GFs)(PPh,)l-, which have 
smaller charges, is prefered, and furthermore that these must be less reactive 
towards the H+ than are [(C,F,),M(p-PPh,),M’(GF#-. Similar behaviour of 
M-GX, bonds towards HCl and L has been observed in other cases; e.g. 
WK.,MWX~,M reacts with HCl in the presence of L (L = phosphines, stibines) 
(molar ratio l/l/l) to yield (NBu,),[Pt(C&l,),L] rather than the binuclear 
derivative obtained in the absence of L [11,12]. Furthermore the action of an excess 
of HCl and PPh3 on (NBu.,)2[(~F,),Pt(~-PPh2)2Pto21 (molar ratio 2/2/l) 
leads to formation only of 10, no further M-GF, 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(p-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 l/2) yield the corresponding 
[(~F,),M(~-PPh2)2M’(L-L)] (5: M = M’ = Pt, L-L = dppm; 12: L-L = phen; 
13: M = M’ = Pd, L-L = bipy) complexes (Scheme 2~). When the reaction is 
carried out in a l/l molar ratio the binuclear complexes 5, 12, 13 are obtained 
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Table 1 

Analyses, ConduCtivitiCs O, and rekvant IR data (cm-‘) for the complexes 

Complex Analysis (Found (~alCd.)(%)) AM (ohm-’ X-sensitive Other 

C H N cm2 mol-‘) bands 

Q2[(c6Fs)s~d(~-p~~)~Pd(CaFs)~l 55.43 5.56 1.63 176 762,752 

(1) (55.34) (5.34) (1.61) 
Qz[tCsF5)2Pt(~PPh*)2~~~)21 49.95 4.72 1.39 172 774,762 

(2) (50.21) (4.84) (1.46) 
Q2[(~F,),pt(~Pph,)2P~~~)21 52.89 5.39 1.47 166 774,762, 

(3) (52.65) (5.00) (1.53) 750 
(WQ2Pd(r-PPQPm) 52.83 3.21 - I1.c. 778,770 

(4) (52.71) (3.04) 
‘49.42 
(49.54) 
46.81 

(46.76) 
45.41 

(45.50) 
52.37 

(52.25) 

51.58 4.26 0.61 81 
(51.68) (4.05) (0.79) 

53.95 
(54.41) 
45.00 

(45.22) 
51.47 

(51.09) 
53.25 

(53.21) 
48.56 

(47.96) 

‘2.92. - D.C. 

(2.86) 
4.50 0.99 a1 

(4.05) (0.88) 
4.30 0.94 168 

(4.11) (1.02) 
4.67 1.03 192 

(4.72) (1.17) 
4.38 0.92 168 

(4.40) (1.09) 

4.35 0.91 92 
(4.26) (0.83) 

(E) (::z) 
ll.C. 

2.63 2.61 n.c. 
(2.60) (2.44) 
2.73 - D.C. 

(2.73) 
ll.C. 

768.761 

779,762 

779,770 

767,760 

781,771 

250 b 

248 b 

248 b 

783,775, 
767 

773,765 

778,770 

c 

782,774 2324 ’ 

794,783 2329 d 

a In - 5 x10-4mol dm-3; n.c. = nonconducting. 
precludes unambiguous assignment. d *(P-H). 

b v&f-Cl). ’ Absorptkms due to bipy in this region 

along with unchanged starting material. On the other hand, complex 12 reacts with 

dppm in CH$& (molar ratio l/l) to yield 5. 
Finally, complex 6 reacts with PPh3 in CH&l, (molar ratio l/l) 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 GF, group are listed in Table 1. 

(b) Spectroscopic characterization of the complexes 
The IR spectra of all the complexes show bands characteristic of the C&F, group 

near 1500,1050,950 and 800 cm-’ [15]. Table 1 lists the absorptions assigned to the 
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Fig. 1. The half spectrum (31P NMR) of the dppm area for [(~F,),Pd(~PPh,),Pt(dppm)] (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 zP2 ring, 
the Pt-Pt distance (3.5711(g) A) [29] indicates that no metal-metal bond is present 
(in agreement with the 31P NMR data). Because of the long Pt-Pt distance, the 

Fig. 2. Mokcular strwture of [(~F,),Pt.&PPh,),Pt@hen)] (12) showing the atom labelliq scheme. 
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Table 4 

Crystal data and details of the crystallographic study of (~Fs),Pt(~PPh,),Pt(phen) LI 

Fomutla 
M 
crystal system 

Spa= group 
Z 

a (A) 
b (A) 
c (‘Q 
a (“) 
fl(“) 
Y(“) 
v (K) 
Diffractometer 
T (R) 
Radiation 

A (S 
p (Mo-G) (cm-‘) 

f?-range ( Q ) 
Mode 
Data measured 
Data used 
Solution 
Refinement 
Model 

C~HasNzFtoPzPtz 
1274.9 
Triclinic 
Pi 
2 

11.155(2) 
11.935(3) 
17.575(4) 
72.301(21) 
72.142(17) 
78.211(18) 
2077.4 
Enraf-Nonius CAD 4 
293&l 
MO-K, 
0.71069 
70.9, empirical absorption correction 
was applied [ 351. 
l-25 b 
B-28 scans 
7815 
6279 (F> 4u(F)) 
Direct methods, d F synthese.s 
Full-matrix least squares 
All atoms anisotropic. H atoms non 
resolved. Rigid planar hexagons for 
GHs groups. 

Weighting scheme w-’ = u2 (F) +0.002009(F2) 
R, 0.0382 
R 0.0323 
Variables 529 

a 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(l) and 103.2(l)“. Similar Pt.. . Pt distances (3.585(l) or 
3.699(l) A) and Pt-P-Pt angles (102.8(l), 103.9(l)“) have been observed for other 
neutral [PtCl(PPh,)(PPh,H)], or cationic [Pt(PPh,)(Ph,PCH,CH,PPh,)l,C1, 
platinum(I1) phosphido complexes [18] without Pt-Pt bonds. The small P-Pt-P 
angles (74.7(l) and 75.4(l)* ) are the result of the long Pt(1). . . Pt(2) distance and 
the large Pt(l)-P-Pt(2) angles. The Pt,P, ring is not planar, the dihedral angles 
formed by the planes Pt(l)-P(l)-P(2) and Pt(2)-P(l)-P(2) or Pt(l)-P(l)-Pt(2) and 
Pt(l)-P(2)-Pt(2) being 160.93(7) and 155.64(8)O, respectively. The four Pt-P dis- 
tances are slightly different, and falI in the range 2.269(1)-2.294(l) A. 

The square planar environments of both platinum atoms are different. Pt(1) is 
bonded to two phosphido and two pentafl.orophenyl 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(I1) complexes [23-271; 
shorter Pt-C distances have been found in ymplexes such as (NBu,),[(C,F,),- 
Pt(+Zl),Pt(C,F,),] (1.977(10) and 1.991(10) A) [26] or [Pt(C,F,),(kBr)Pd(q4-1,5- 
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Table 5 

Fractional atomic coordinates (X104) and their estimated standard deviations for (GF&Pt(p 

PPhz)zpt@hW 

X Y .? B (A2) a 
Ptl 
Pt2 
Pl 
P2 
Nl 
N2 
Cl 
c2 
c3 
C4 
CS 
C6 
C7 
C8 
c9 
Cl0 
Cl1 
Cl2 
Cl3 
Cl4 
Cl5 
Cl6 
Cl7 
Cl8 
Cl9 
c20 
c21 
c22 
C23 
C24 
c25 
C26 
C27 
C28 
C29 
c30 
c31 
C32 
c33 
c34 
c35 
C36 
c37 
C38 
c39 
CA0 
(341 
C42 
C43 
C44 
C45 
C46 
cx7 

2099(l) 
650) 

391(l) 
2037(l) 

- 1661(5) 
- 345(5) 

- 2245(6) 
- 3298(7) 
- 3785(7) 
- 3191(6) 
- 2113(6) 
- 1458(6) 
- 1872(6) 
- 3013(7) 
- 3626(7) 
- 1202(8) 
- 107(7) 

305(7) 
2003(6) 

264W6) 
26w7) 
1881(7) 
1268(7) 
1334(7) 
3630(6) 
4874(6) 
5881(6) 
5669(8) 

447q8) 
3474(7) 
651(4) 

792(4) 
1075(4) 
1219(4) 
1078(4) 

794(4) 
- 1080(3) 
- 1903(3) 
- 3a41( 3) 
- 3356(3) 
- 2533(3) 
- 1395(3) 

2388(4) 
338q4) 
3579(4) 
2773(4) 
1775(4) 
1582(4) 
3107(4) 
3739(4) 
4515(4) 
4658(4) 
4026(4) 

7006(l) 
%69(l) 
7718(l) 

9twl) 
10244(4) 
11438(4) 

%9q6) 
10211(7) 
11321(7) 
11983(6) 
11408(5) 
12039(5) 
13185(6) 
13761(6) 
13193(7) 
13751(7) 
13149(6) 
11993(6) 
5182(5) 
4519(6) 
332q6) 
2752(6) 
3337(6) 
4550(6) 
6688(5) 
6584(5) 

6490(6) 
6450(6) 
6520(6) 

6624(6) 
7574(3) 

6460(3) 
6353(3) 

7360(3) 
8474(3) 
8581(3) 
7090(4) 
6765(4) 
6355(4) 
6271(4) 
65%(4) 
7005(4) 
9621(4) 

10283(4) 
10703(4) 
10460(4) 
9797(4) 
9377(4) 
9580(3) 
8769(3) 
9157(3) 

10358(3) 
11169(3) 

2162(l) 
2413(l) 
3084(l) 
1722(l) 
3206(3) 
1712(3) 
3956(4) 

4462(5) 
4148(5) 
3339(5) 
2887(4) 
2103(4) 
1757(5) 
2217(6) 
2%5(6) 
958(6) 
565(5) 
971(5) 

2675(4) 
3243(4) 
3588(4) 
3377(5) 
2792(5) 
2454(4) 

12~4) 
1211(4) 
555(4) 

- 173(5) 
- 232(4) 

462(5) 
4o&y2) 
4630(2) 
5371(2) 
5565(2) 
5018(2) 
4277(2) 
3299(3) 

408q3) 
4185(3) 
3496(3) 
2709(3) 
2611(3) 
610(2) 
139(2) 

- 717(2) 
- llOl(2) 
- 630(2) 

226(2) 
2092(3) 
2643( 3) 
2976(3) 
2758(3) 
2207(3) 

2.36(2) 
2.51(2) 
2.46(10) 
2.58(10) 
2.99(37) 
3.13(37) 
3.45(46) 
4.2q56) 
4.47(59) 
3.80(51) 
3.08(45) 

3.04(44) 
3.89(52) 
4.62@0) 
4.89(64) 
5.29(66) 
4.64(58) 
4.12(53) 
2.84(42) 
3.39(46) 
4.15(51) 
4.27(55) 
4.31(57) 
3.73(51) 
2.59(39) 
3.35(47) 
3.79(49) 
5.06(61) 
3.93(52) 
3.81(51) 
2.67(39) 
4.12(52) 
5.2q67) 
5.55(73) 
5.32(71) 
4.10(54) 
2.93(40) 
4.49(55) 
5.44(68) 
6.44(83) 
6.52(87) 
4.27(56) 
2.94w 
3.80(47) 
4.73(56) 
4.71(57) 
6.00(74) 
4.55(58) 
3.01(42) 
3.78(49) 
4.69(61) 
5.01(66) 
4.75(62) 
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Table 5 (umtinued) 

X Y z B (A2> a 

c48 
Fl 
F2 
F3 
F4 
F5 
F6 
F7 
F8 
F9 
FlO 

3250(4) 
339X4) 
3288(5) 
1845(5) 

599(6) 
678(5) 

5154(4) 

7092(4) 
6680(5) 
4290w 
2317(4) 

10781(3) 

Hwy4) 
2726(4) 
1583(3) 
2775(4) 

5091(4) 
65so(4) 
6416(4) 
6331(4) 
6451(5) 

6669(4) 

1874(3) 

3496(3) 
4W3) 
3731(3) 

2549(3) 
1882(3) 

1909(3) 
590(3) 

- 838(3) 
- 916(3) 

367( 3) 

3.66(48) 
4.5x32) 
6X(38) 
6.91(43) 
7.03(50) 
5.27(38) 
4.81(34) 
5.5q36) 
6.88(41) 
6.43(44) 
5.25(39) 

u Bq anisotropic atoms. 

C,H,,XpBr)Pt(~F,),(pBr)Pd(u4-l,%Z,H,,)(pBr)] (1.974(9), 1.967(9) A) [28] 
probably as a consequence of the high trans-influence of the bridging phosphido 

oup. 
f 

On the other hand, P(1) and P(2) are both closer to Pt(2) (2.279(l), 2.269(l) 
) than they are to Pt(1) (2.294(l), 2.288(l) A), in accordance with the higher 

rrans-influence of GF, than of the N donor ligand. As a consequence of the smalI 
P(l)-Pt(l)-P(2) angle (74.7’), the remaining angles at the Pt(1) atom are ah greater 
than 90 O, the P-Pt(l)-C angles being larger (94.9(2) and 99.3(2)O ) than the 
corresponding C(13)-Pt(l)-C(19) (91.1(2)O ) angle. The Pt(1) environment is very 
close to planar; the dihedral angles formed by the planes C(13)-Pt(l)-C(19) and 
P(l)-Pt(l)-P(2) or P(l)-Pt(l)-C(13) and P(2)-I%(l)-C(19) are 177.58(16) and 
177.74(18)O, respectively [29]. Pt(2) is bonded to two phosphido groups and to the 
phen hgand, and because of the smaIl values of the P(l)-Pt(2)-P(2) (75.4(O)“) and 
N(l)-Pt(2)-N(2) (78.7(2)O) [30], the corresponding P(l)-Pt(2)-N(1) and P(2)- 
F%(2)-N(2) are larger than 90° (101.6(l) and 105.2(1)O, 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(l)-Pt(2)-N(2) and P(l)-Pt(2)-P(2) or 
P(l)-Pt(2)-N(1) and P(2)-Pt(2)-N(2) are 168.78(14) and 171.05(12) O, respectively 
~91. 

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. “F and ‘iP NMR spectra 
were recorded on a Varian XL200 instrument (200 Mz for ‘II). Conductivities were 
measured with a Philips PW 9501/01 conductimeter (acetone solutions, c - 5 x low4 
M)* 

Published methods were used to prepare the following starting materials: cis- 
Pt(GF,),(TI% PI, cj~-WC,Q2W-W2 WI, LiPPb [311, (NBu4MWp- 
~MGF5)419 [321, (NBu4)2[Pd2(~Br)2(CF~)4 [3319 Pt(HlXGF,XWl, [341. 

cis-M(C, F,),(PPh, H)z (14: M = Pd; 15: M = Pt) 
M = Pt: To a CH,Cl, (20 ml) solution of cis-Pt(GF,),(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 15, 
90% yield. 14 was prepared similarly in 85% yield. 

(IV&& [MM ‘(/A’Ph,),(C’I;,), / (I: M = M ’ = P4 2: M = M ’ = Pt; 3: M = Pt, 
M’=Pd) 

Preparation of 2 
(a) From (NBu,),[Pt,(@l),(C&,]. To a solution of LiPPh, (2.027 mmol) in 

THF (10 ml) at OOC, was added (NBu&[Ptz(~-Cl)&FS)J (0.800 g, 0.4% mmol) 
and the mixture stirred at room temperature for 7 h. The solution was evaporated to 
dryness and the oily residue was extracted with Et20 (10 ml) and the extract was 
evaporated to dryness. The resulting white solid was washed with ‘PrOH and 
recrystalhzed from CH,Cl,/‘PrOH, 67% yield. 

(b) From cis-Pt(C,&)2(PPh2H)q. A THF (10 ml) solution of cis- 
Pt(GF,),(PPh,H), (0.527 g, 0.584 mmol) was treated with LinBu (1.703 mmol) in 
hexane and cis-Pt(C,F,),(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,ClO, (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,),[Pd,(Cr-Br),(qF,)J (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(~F5)2(PPhzH)2 
(0.400 g, 0.444 mnrol); 0.945 mm01 of Li”Bu; cis-Pd(C,F,),(THF), (0.260 g, 0.444 
mmol). After the extraction with Et,0 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,)[(C&),M(~-PPh,),M’(C&)L] (6: M = M’ = Pt, L = tht; 10: M= M’ = Pt, 
L = PPh,; 11: M = Pt, M’ = Pd L = PPh,) 

Complex 4, To a THF solution (15 ml) of cis-Pt(GF,),(PPh,H), (0.400 g, 
0.444 mmol) and 0.945 mm01 of Li”Bu was added [Pt(~-Cl)(~F,)(tht)]z (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,Clz and the extract 
was filtered and evaporated to dryness. The residue was taken up in ‘PrOH (30 ml), 
the colourless mixture was filtered, and NBu&lO, (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 ml) 
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 mm01 of HCl 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 precipitate (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%. 

WW, NC,E;,),Pt(~-PPh,),Pt(~-CI),Pt(~-PPh,),Pt(C,F,),l (7) 
(a) From 2. To an acetone (20 ml) solution of 2 (0.150 g, 0.078 mmol) was 

added 0.156 mm01 HCl in water and the mixture was stirred at room temperature 
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(C,I;;),(PPh, H)*. PtClz (0.050 g, 0.188 mmol) was added to a 
THF (10 ml) solution of Li”Bu (0.399 mmol) and cis-Pt(GF,),(THF), (0.168 g, 
0.186 mmol) at - 10 O 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%. 

This compound was synthesized in the same way as 7 (method a) from l(O.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 
‘PrOH. Yield 70%. 

- 10 ml yielded 8, which was washed with 

WW, NC,F,),Pt(~PPh,),Pd(cr-C~),P4~-PPh,),Pt(C,F,),l (9) 
Complex 9 was obtained similarly from 3 (0.150 g, 0.082 mmol) and aqueous HCl 

(0.164 mmol). Yield 94%. 

(C,F,),M(p-PPh,), M’(L-L) (5: M = M’ = Pt, L-L-dppm; 4: M=Pd, M’=Pt, 
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(C,F,),(PPh,H), (0.150 g, 
0.166 mmol) and Li”Bu (0.424 mmol), at 0” C, was added PQ(dppm) (0.108 g, 
0.166 mmol). The mixture was stirred for 2 h at O” 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 to dryness. The residue 
was extracted with CH,C12 (20 ml) and the extract evaporated to ca. 5 ml. Addition 
of CHCl, (15 ml) and concentration to ca. 2 ml produced a yellow precipitate of 5 
which was washed with 1 ml of CHCl, and 2 x 2 ml of Et,O. 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 l,lO-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 ‘F%OH ( - 20 ml) gave 
solid 13 (93% yield), which was washed with ‘PrOH. 
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