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Summary 

XPt(p-dppm),Pd(C,F,) (X = Cl (I), Br (II), C,F, (III)) have been prepared by 
treating PdX(C,F,)(q’-dppm)2 with Pt(COD), or Pt(PPh,),. Substitution reactions 
of I yield neutral (SCN) or cationic (PPh,, py) derivatives. The species R2Nt, SO, 
or RCkCR (R = COOMe) insert into the Pd-Pt bond of I to give A-frame Pd”-Pt” 
complexes, but reaction with SnCl, gives the SnCl, derivative. The reactions of 
X-Pt(p-dppm),Pd(C,F,) (X = Cl (I), C,F, (III)) with isonitriles RNC (R = p-Tol, 
Cy, t-Bu) has been studied; the nature of the products obtained depends on the 
starting material, the isonitrile, and the reaction conditions. 

The molecular structure of ClPt(p-dppm),Pd(C,F,) has been established by a 
single crystal X-ray study. 

Introduction 

The ability of dppm (= 1,2-bis(diphenylphosphino)methane) to form bridged 
binuclear complexes has prompted interest in this and related ligands [l]. Homo-bi- 
nuclear palladium(I) or platinum(I) complexes containing a Pd-Pd or Pt-Pt bond 
and two bridging dppm ligands have been much studied recently [2], but hetero-bi- 
nuclear Pd’-Pt’ complexes of this type have received little attention [3]. 

We previously described the synthesis and reactions of some homo-binuclear 
perhalophenyl palladium(I) [4] or platinum(I) [5] derivatives containing dppm as 
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bridging ligand. In this paper we report the synthesis of the related hetcro-hinuclear 
pentafluorophenyl palladium(I)-platinum(I) derivatives [XPt( AL-dppm)2Pd(C,F5)] (X 
= Cl. Br. C,F,, SCN, SnCli) and their reactivity in the formation cjf the cationic 
complexes [L’Pt( EL-dppm), Pd(C‘,F, )I’ (I_’ = RNC. PPh,, ~4): inaerti<,nb of group\ 
such as RNC, SO-. N,R _. and RC-EC‘R into the Pd 13 bond h,r\e also been ‘. 
studied. 

The molecular structure of [CIPt( p-dppm). Pd(C,>F, )] has been tr~t;~l~li~hrd h\ an 
X-ray diffraction study. 

Results and discussion 

Reactions of complexrh [runs-Pd(X)(C,F,)( g’-dppm), (N = <‘I. Br. C‘,F!) with 
Pt(COD)? in oxygen-free benzene give the correspondin, 0 deep-yellon or orangr‘ 
hetero-binuclear metal- metal bonded Pd’-Pt’ complexes JXPt( !A-dppm), Pd(C,E )] 
(X = Cl. Br. C,F, ). according to eqn. ! : 

trans-Pd(X)(CgFg)(~‘-dppm)r f Pt ICOD17 p-__, 

X-P~---P~---CC~FE + 2COD 

(x = Cl(I) , Br(lI) , C6F5(III) 1 

Complex III can also he obtained by using PtcPPh., \.I as the Pt” starting 

material, according to eq. 2: 

trans-Pd (CSF”)~ c-q’-dppm l.:, + Pt ( PPh& --------a 

:2j 

0 
F5 Cb--- P,t -- Pd - CsF5 + 4PPh3 

The X-ray structure and ‘“F NMR spectrum of complex I (see below) show that 
the redox condensation process (eq. 1) takes place through the migratron of the N 
group from the Pd” to Pt” center. 

In the ‘“F NMR spectrum of complex I. the signal. F,,. from the ,,~t121)-fluori13e3.4 
at 6 --- 117.9 ppm. is basically a doublet (owing to coupling with the neighhouring 
nzeta-fluorines). with platinum satellites. the ‘J(Pt F_,). 104 Hz ha\ing a \aluc 
similar to that value in similar systems [5]. in keepin g \\.i th the presence of a C-b F;i 
group attached to the Pd’ center, As expected. the F_, resonance in complc~ 111 
appears as two signals: one corresponding to the tv,t> writ-fluorine\ of the <‘,,F; 
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group bonded to Pt (6 - 116.4 ppm), and the other to the two o&o-fluorines of the 
C,F, group bonded to Pd (6 - 109.7 ppm); both signals are basically doublets, 
owing to coupling to the neighbouring meta-fluorines; the first signal shows 

platinum satellites with ?I(Pt-F,) 229 Hz and the other shows platinum satellites 
with 4J(Pt-F,) 56 Hz. 

Reaction 2 gives a better yield (77%) of complex III than does reaction 1 (40%); 
on the other hand, samples of complex III made by reaction 1 contain small 
amounts of an impurity, which was identified by 19F NMR spectroscopy as the 
homo-binuclear complex of Pd’: [(C,F,)Pd(p-dppm)zPd(C,F,)] (6(F0) - 111.8 ppm). 

Complex I reacts with KSCN in methanol to give [(NCS)Pt(p-dppm),Pd(C,F,)] 
(IV) according to eq. 3: 

n 
Ct-Pt-Pd-C6F5 + KSCN ä 

u 
(3) 

n 
NCS-Pt-Pd-CsF5 + KC1 

u 

Treatment of complex I with an equimolar amount of SnCl, leads to insertion of 
SnCl, into the Pt-Cl bond according to eq. 4, as previously observed for other Pdt 
and Pt’ complexes [4c,5-71: 

Cl-Pt-Pd-C6F5 + SnCl2 ____+ 

U 
(4) 

n 
CL$n - Pt -Pd -CsF5 

u 

(VI 

Analytical, conductivity and melting point data are listed in Table 1. Complexes 
I-V are non-conducting in - 5 x 10e4 M acetone solution (see Table 1). 

The IR spectra of complexes I-V show the characteristic absorptions of the 
dppm ligand (600-400 cm-’ region) along wit those of the C,F, group at I- 1500, 
- 950 cm-’ [8]. It is noteworthy that the band at ca. 950 cm--’ is shifted to lower 
wavelengths relative to its position in the palladium(I1) precursors, as expected for a 
decrease in the formal oxidation state of the metal [4a,5]. Complex III shows two 
close bands (945, 940 cm- ‘) in this IR region owing to the presence of two different 
C,F, groups, one attached to Pd’ and the other to Pt’. Complex I shows v(Pt-Cl) at 
247m,w cm-‘, ( corn are 249 cm-’ for [ClPt(p-dppm)PdCl] [3]). Complex IV p 
exhibits an absorption at 2085 cm-’ assignable to Y(C%N) of the SCN group [9]. 
Complex V shows IR bands in the 320-260 region due to V(Sn-Cl) [IO]. (see Table 

2). 

Znsertion reactions 

Insertions of a variety of small molecules into the Pd-Pt bond in the complexes 
[XPt(p-dppm),Pd(C,F,)] (X = Cl (I), C,F, (III)) give new asymmetric “A-frame” 



TABLE 1 

(C,l’~)I’t(~l-dppnl):.I’d((‘,,t.,) (III) 

[(~‘,,~i)Pt(~-dppm),(i~-( -(C‘OiI.Llc),)I’d((‘,F,)j 

(XI) 
[(.‘l~tt AL-dppm),(~L-SO)Pd(C‘,,F-.iI (‘II,(‘f . (XII) 

[(‘lPt(~-dppm)-,(~-p-TnlNC‘)Pdi(‘; fziij (XI\‘! 

[(C‘,,Fi)Pt(~-dpp”‘)2(~-~‘-ToIN(‘iPd(C’,,I~,)] ,XV) 

[up-TolN(‘)Pt~~-dppm~lPd(C,Fi)jI~Pi~, (XVI) 

[( /‘-Tol~‘C‘)PtfIL-dppl”)I( Il-p-T~~l~C‘)Pd((‘,Ti )]BPh, 

(XVII) 

[(C‘~NC)P~(~L-dpprn) .Pd((‘, F,)jBPh, (XVIII) 

/(Ph:P)PtC~-dppm),Pd(C’, F~))lBPh, (XXI) 

[(p~)Pt(~-dppmllPd((‘,~~ ,]HPh, (SXIIJ 

hetero-bimetallic Pd-Pt compounds. Thus. treatment of 1 and II1 with the di- 
azonium salts (N2R)BF4 (R =p-CH,C,H,. or o-NO,C,H,) gi\vs complexes VI UNIX. 
MeOOCC=CCOOMe reacts slowly with complexes I and III to give complexes X 
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TABLE 2 

SOME RELEVANT IR ABSORPTIONS 

Complex u(cm-‘) 

C, F, v(C=N) or v(C=N) 600-400 region Others 

I 1493s,945s 512s,49Xm,47Xs,450m.425m 247m L1 

II 149os,945s 515s,503m,482s,425m 

III 149os.945s.94os 518s,508m,489s,440m,425m 

IV 1493s.946~ 517s,503m,482s,435m,425sh 2085s ’ 

V 1495s,946s 520s,505m,483s.445m,425a 31Xs.29Xm.292m ‘ 
VI 1502s,951s 513s,479s 1060s,br ’ 

VII 15oos,954s 515s.4X3s 1060s,br d 

VIII 15oos,95xs 514s,482s 1060s.br d.15.!5m ’ 

IX 15oos,955s 515&485S 1060a.br d,1525m ’ 

X 1500s,950s 516s,49Os 1702s’ 

XI 149X&9485 510s493m,47Xm 1720s J 

XII 1498s.951s 512s,496s,470m.423m 1140s.1025m s 

XIII 1498s.951s 511s,497s,476m,428m 1145s.1025~ x 

XIV 1492s,947s 1620(s,br) 512s,507s.4XOm.472m 

xv 149Os.946~ 1620s,br 510s.500s.485m.475m 15X0m.610m~i 

XVI 1495s,948s 2160s 515s.502m,482a 15X0m,610mh 

XVII 1497s,948s 2170s,1620s,br 518s,509s,485s 15X0m.610mi’ 

XVIII 149os.947s 2165s 513s,498m,480s 1580m.610m A 

XIX 149os,945s 2167s,1620s,br 505s.475m 15XOm,blOm A 

xx 149os.947s 2150s 517s.500m,482s 15XOm,610m A 

XXI 149os,943s 515s.505m.487s 1580m.610m A 

XXII 1487s.942~ 512s,503m.485s 1595m ‘,1580m.610m h 

” v(Pt-Cl). h v(C=N), SCN group. ’ v(Sn-Cl). d BF,. ’ v,,(NOZ)_’ u,(C=O). R v(S02). A BPh,. ’ py. 

and XI, respectively. Bubbling of SO, through a CH,Cl, solution of complexes I 
and III gives complexes XII and XIII, respectively (Scheme 1). 
Complexes XII and XIII are stable, and no loss of SO, was observed under the 
conditions employed. 

Analytical data are listed in Table 1. In acetone solution (c - 5 x lop4 M) [ll] 
complexes X-XIII are non conducting whereas complexes VI-IX behave as 1 : 1 
electrolytes. 

The IR spectra of the complexes show the characteristic absorptions of the dppm 
ligand (600-400 cm-i region) along with those of C,F, group (see above). The 
change in the formal oxidation state of the metal (Pd, Pt) was expected to increase 
the frequencies of the C,F, absorption near 950 cm-’ relative to those in the 
starting complexes I and III, and this was found to be the case for complexes 
VI-XIII, the increase being larger for the cationic than for the neutral complexes, as 
expected. Complexes VI-IX show a strong and broad absorption at - 1060 cm-’ 
due to the counterion BF,- [12]. Complexes VIII-IX exhibit a band at 1525 cm-’ 
due to vu,(NO,) of the N2Rt group [13]. Complexes X and XI show a strong 
absorption at - 1700 cm-’ due to v,(C=O) of the inserted group, shifted to lower 
energies compared with that for free acetylene ligand (1740 cm-‘). Complexes XII 
and XIII show absorptions at - 1145 and - 1125 cm-’ due to the symmetric and 

asymmetric Y(S-0) stretching frequencies, respectively [14]. 



I-=+ 
“;,!a”“‘5 

'N' h? 
“\ 

R 

BF4 

n (XL Cl I 

X-Pt- Pci-Cc6F5 
X 7 CEF~ ( 

k/J 

~ 

R = p-CH3C6H4 (VI) ; R I o-NOiCbH~ (VIII 1 

R = p-CH3C5H4 (VII: R z o-CH,C,3H4 (IX!) 

ib: 

X\fi /c& 

Pt 

pC=Ci 

MeOOC~~‘CoOMe 

( x = Cl(X) ; 

X = C6Fs( X1) ) 

x\ fi 

C&5 

c %Pk;$d’ 

.+ 
0 0 

(X z CL (XII) , 

X = C6F5o(III) j 

As observed for [(C,F,)Pd(~-dppm),Pd(C,F, )] and [(C,F,)Pt(~-dppn~)zPt(C,F, )] 
1151. complex III does not react with CO in benzene or dichloromethane. In 
contrast. although cnmpleu 1 also does not react with CO in hcnzene. when CO was 
bubbled for 15 min through a dichloromethane solution of complt:u I the ap- 
pearance of absorptions at 1710s and 2055~ cm ~’ indicated the presence of ;I 
mixture of complexes. one of which contains inserted C’O (A) and the <)ther 
coordinated CO (R) (eq. 5). 

cL I /\ 
c6 Fs 

CL-Pt-Pd-C6Fg + CO ---+ “Pt PC/ ----a 

u 

(A) (5 1 



351 

After the CO has been passed for 1 h, the IR spectrum of the dichloromethane 
solution shows only the absorption at 2055s cm-’ indicating the exclusive presence 
of the coordinated species B, suggesting that the reaction initially gives the insertion 
product A (eq. 5). All attempts to isolate compound B gave only the starting 
complex I. The addition of NaBPh, to the dichloromethane solution and partial 
evaporation yielded a solid which showed absorptions assignable to v(C=O) (2045 
cm-‘) and to the BPh,- (610 cm-‘), but the analytical results indicate that this 
solid is not a single species and may be a mixture of the carbonyl derivative 

[(OC)Pt(p-dppm),Pd(C,F,)]BPh, and the starting material [ClPt(p-dppm),Pd- 
(C,F,)]. This behaviour contrasts with that of similar pentafluorophenyl derivatives 
of palladium(I) or platinum(I). Bubbling of CO for 30 min through a dichloro- 
methane solution of [C1Pt(p-dppm)2Pt(C,F,)1 gives rise to an IR spectrum with a 
strong absorption at 2052 but none near 1700 cm-‘, indicating the presence of 
[COPt(p-dppm),Pt(C,F,)]Cl, but attempts to isolate this compound gave only 
starting material; however when the reaction was carried out in the presence of 
NaBPh,, [(CO)Pt(p-dppm),Pt(C,F,)]BPh, was obtained [5]. Bubbling of CO for 30 
min through a dichloromethane solution of [ClPd(ydppm),Pd(C,F,)] gives rise to 
absorption at 1715 but none at - 2100 cm-‘, indicating the exclusive presence of 

[ClPd( p-dppm) z (p-CO)Pd(C,F,)] however. only the starting material [ClPd(p- 
dppm),Pd(C,F,)] was isolated from the solution. 

In view of the reactions of [XM(p-dppm)2M’-X’] (X’ = X = Cl, M = M’ = Pd 
[16], Pt [17]; X = Cl, X’ = C,F,, M = M’ = Pd [15], Pt [5]; X = X’ = C,F,, M = M’ 
= Pd [15], Pt [15]; X’ = X = Cl, M = Pd, M’ = Pt [3]; X = Cl, X’ = C,F,, M = Pt, 
M’ = Pd and X = X’ = C,F,, M = Pt, M’ = Pd (this work)) with CO, it can be 

concluded that the insertion of CO into the M-M’ bond is hindered by the presence 
of C,F, groups, and that [(OC)M(p-dppm)M’X]X’ formation is only possible if the 
CO group can be coordinated to a platinum center. 

Reaction with isonitriles RNC 
The complex [(C,F,)Pt(fi-dppm)zPd(C,F,)I (III) reacts with p-TolNC in benzene 

to give the insertion products XV (eq. 6), but III does not react with CyNC or 
t-BuNC under the same conditions. 

F5c6 C6k 

/J-TolNC d 

(6) 

\ 
C6H4-p -CH3 

(XV) 

The reaction of [ClPt(p-dppm),Pd(C,F,)] (I) with RNC is more complicated, 
because the isonitrile (RNC) can insert into the M-M bond and/or can cause 
displacement of the terminal halide. The nature of the products obtained depends 
on the isonitrile and on the solvent used. 

Complex I reacts in benzene with a stoicheiometric amount of p-TolNC to give 
the insertion product XIV. On the other hand, when CyNC is added to a solution of 
complex I in benzene (l/l molar ratio) the IR spectrum of the solution shows an 



Cl-- Pt-i=‘d- 

(b)’ 

- .I 

NaRPP.: 
/ 

i 
I .~ 1 

..’ 

9Ph.: 
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The IR spectra of the isocyanide complexes were very valuable for showing the 
presence of coordinated CkN, with u 2100-2200 cm-‘, and/or inserted C=N, with 
v 1500-1650 cm-’ (see Table 2). It is noteworthy that complexes XIV, XV, XVII 
and XIX with inserted isonitriles have their C,F, band ( - 950 cm- ‘) at wavelengths 
very similar to that observed for complexes with Pd-Pt bonds (I-V), indicating that 
the insertion of the isonitrile into the Pdt-Pt’ bond does not appreciably change the 
electron density around the metal center [4a,20] (see Table 2). The IR spectra of 
complexes XVII-XX show absorptions at 1580 and 610 cm-’ due to the anion 
BPh,-. Bands assigned to the dppm ligand in the 600-400 cm-’ region are listed in 
Table 2. 

Table 1 lists the conductivities of acetone solutions (c, - 5 X lop4 M) of these 
complexes, which are as expected. The low but definite conductivity of the solution 
of complex XIV arises from the elimination-coordination (eq. 7) equilibrium in this 
solvent : 

ClPt( p-dppm),( p-P-TolNC)Pd(C,F,) + 

[ ( p-TolNC)Pt( I”-dppm),Pd(C,F,)] Cl (7) 

The existence of this equilibrium is confirmed by IR spectroscopy, the IR spectrum 
of the acetone solution showing an absorption at 2140 cm-’ corresponding to 
coordinated isonitrile [4c]. 

TABLE 3 

CRYSTAL DATA FOR ClPt(a-dppm),Pd(C,F,) 

Formula 

M 

Crystal system 

Space group 

0 (A) 

h (A) 
c (A) 

P (“) 
v (A’, 

Diffractometer 

T (R) 
Radiation 

x (A) 
p(Mo-K,) (cm-‘) 

B-range (“) 

Mode ’ 
Data measured 

Data used 

Solution 

Refinement 

Model 

Weighting scheme 

R, 
R 
Variables 

C,,H,,CIF,P,PdPt 

1272.8 

Monoclinic 

P2,/c 

16.280(4) 

12.959(4) 

25.033(10) 

91.42(3) 

5279.7 

Enraf-Nonius CAD4 

293 + 1 

MO-K, 

0.71069 

30.5. Empirical absorption correction was 

applied (28) 

l-22O 

0-28 scans 

6438 
4436(F>6c(F)) 

Patterson; A F syntheses 

Block-diagonal least-squares 

C and H isotropic, all other atoms anisotropic. 
Rigid planar hexagons. H atoms in calculated 

positions. Group U’s for H atoms (0.08). 

w-‘=[o’(F)+O.O006F’] 

0.0553 

0.0587 

237 



FRACTIONAL COORl~lKATIiS IN C’II’t( /dppn~) ,l’d(( <,I i 1 

Pt 
Pd 
(1 

I’(l) 
I”( 2) 

rj(71 
I’(4) 

f:(l ) 

f:(z) 

f?(3) 

F:(4j 

I‘(‘) 

(‘(1) 

C’(2) 

(‘( 3 1 
(‘(41 

C‘(5) 

C‘(6) 

(‘(7) 

C‘(S) 

(‘(IO) 

C‘( I 1) 

C‘i I!) 

(-.I 1 3 ) 

C’C 14) 

C’(U) 

H(lOi 

II(11) 

ll(l2.i 

III13 

FI(14) 
Cilhl 

C( I?) 

c‘(lX) 

<‘( 1s) 

C.( 30) 

C‘( I 5 , 
I{( 161 
H(17) 

If(lX) 

II( 19) 

H(N) 

c‘(X) 

(‘(23) 

C‘(24) 

C‘(2.51 
<‘(%I 

C(21) 
II(22J 

H(22) 
II(24, 
H(3) 
H( IhI 
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TABLE 4 (continued) 

Atom 

C(28) 
c(29) 
C(30) 
C(31) 
c(32) 
c(27) 
H(28) 
~(29) 
W30) 
W31) 
W31) 
C(34) 
C(35) 
C(36) 
C(37) 
C(38) 
C(33) 
W34) 
W35) 
H(36) 
W37) 
W38) 
C(40) 
C(41) 
c(42) 
C(43) 
C(44) 
C(39) 
W40) 
W41) 
~(42) 
W43) 
W44) 
C(46) 
C(47) 
C(48) 
C(49) 
C(50) 
C(45) 

x Y 

0.4190(7) 
0.4726(7) 
0.5364(7) 
0.5465(7) 
0.4929(7) 
0.4291(7) 
0.3696(7) 
0.4647(7) 
0.5779(7) 
0.5959(7) 
0.5008(7) 
0.3206(5) 
0.3519(6) 
0.4213(6) 
0.4596(6) 
0.4283(6) 
0.35X8(6) 
0.2668(6) 
0.3223(6) 
0.4455(6) 
0.5134(6) 
0.4579(6) 
0.3181(5) 
0.2851(5) 
0.2020(5) 
0.1519(5) 
0.1849(5) 
0.2680(5) 
0.3824(5) 
0.3239(5) 
0.1765(5) 
0.0876(5) 
0.1462(5) 
0.0522(5) 
0.0285(S) 
0.0830(5) 
0.1611(5) 
0.1847(6) 
0.1303(5) 

0.1034(9) 
0.0254(10) 
0.0478(9) 
0.1481(9) 
0.2260(9) 
0.2037(9) 
0.0860(9) 

-0.0522(9) 
-0.0125(9) 
0.1654(9) 
0.3037(9) 
0.7167(g) 
0X069(8) 
0.X015(8) 
0.7068(8) 
0.6172(E) 
0.6220(8) 
0.7205(8) 
0.X796(8) 
0.8709(X) 
0.7030(8) 
0.5439(X) 
0.5875(8) 
0.6157(g) 
0.5988(S) 
0.5538(8) 
0.5256(8) 
0.5424(S) 
0.6005(8) 
0.6505(S) 
0.6206(X) 
0.5407(8) 
0.4907(R) 
0.3858(S) 
0.4124(g) 
0.3985(g) 
0.3580(S) 
0.3314(E) 
0.3453(8) 

z 

0.3354(4) 
0.3525(4) 
0.3889(4) 
0.4082(4) 
0.3911(4) 
0.3547(4) 
0.3072(4) 
0.3376(5) 
0.4021(5) 
0.4364(4) 
0.4060(5) 
0.3845(4) 
0.40X1(4) 
0.4418(4) 
0.4518(4) 
0.4281(4) 
0.3945(4) 
0.3584(4) 
0.4004(4) 
0.4601(4) 
0.4778(4) 
0.4359(4) 
0.2678(5) 
0.2179(4) 
0.2060(4) 
0.2439(5) 
0.2938(4) 
O-3057(4) 
0.2770(5) 
0.1885(4) 
0.1674(4) 
0.2347(4) 
0.3232(4) 
0.5511(3) 
0.6025(4) 
0.6458(3) 
0.6377(4) 
0.5864(J) 
0.5430(4) 

- 

Synthesis of the cationic complexes [LPt(p-dppm), Pd(C, F,)]BPh 4 (L = PPh., (XXI), 

PY (XXII)) 
Addition of neutral ligands L to complex I suspended in methanol induces 

complete dissolution and subsequent addition of NaBPh, permits the isolation of 
[LPt(p-dppm)2Pd(C,F,)] BPh, (see eq. 8). 



Complexes XXI and XXII behaves as l/l electrolytes in 5 i( 10 ’ :U acetone 

solution. 
Their IR spectra show the presence of BPh, . C,F, and dppm Complrx XXII 

shows a band at 1595 due tv the pv llgand [Zl], (see Table 2). 

The structure of complex I was determined hy single crystal .X-I-~\, diffraction. 
General crystallographic information is presented in Table 3. Positional parameter> 
and selected bond distances and angles are given in Tables 4 and 5. rrapecti\ cl). and 
lists of hydrogen atom wrjrdinates. thermal parameters. antI structure factors are 

available from the authors, Figure 1 shows the molecular structure of the ct~~~ple\ 
which is similar to c,ther nnaiogous Pd’ or PI’ deri\-ativcs [b,72.23] and conbtist> of 
Pt~ C‘I and PdLC’,F:, fragments linked hy a Pd -Pt bond and IU’O bridging hia(d- 
phen)/lph~~,sphil7o)rn~ttl~ln~ ligands. The distance I’d .- Pt i> 1.64.$1 ) !A. iI1 the wne 
range or somewhat shorter than the distances found in analogi)us I’d’ /3.644(3 A in 
ClPd(p-dppm),PdSnCl, [6]. 2.699 A in BrPd(~-dppm)JI-‘dBr [_‘-I]. or Pt’ (7.651(l) ‘4 
in (_lPt( +pp~n) , PtCI [23]). species. The coordinntion gwmetricx &out the Pd and 

Pt centers are approximately planar (the dihedral angle\ hct\+etw the plane:, 
Pd-Pt.-P(l). P(2)--Pt Cl and Ptl~ Pt -P(4). Pd -P(3)-<‘I?) ;jrc 17X7.3 ;rntf 175.X”. 
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Fig. 1. Perspective views of C1Pt(p-dppm)2Pd(C,F5): (a) Complete molecule. (b) Central section with Ph 

rings removed. showing numbering of key atoms. 

respectively). The Cl-Pt-Pd-C(3) chain is almost linear, and the angles Cl-Pt-Pd 
or PttPd-C(3) are 178.7(l) and 175.9(4)“, respectively. 

The angles between mutually cis-palladium or platinum-ligand bonds are in the 
range 86.2-93.1” and the corresponding angles between mutually tuuns-palladium or 
platinum-ligands bonds are in the range 174.0-178.7” (see Table 5). The Pt-Cl 
distance (2.444(t) A) is longer than that for other binuclear Pt’ derivatives (2.4!1(5) 
and 2.408(5) A in ClPt (p-dppm),PtCl [23], 2.382(10) and 2.426(9) A in 
[PtCOCl,]:- [24], suggesting a rather high [runs-influence of the Pd-Pt bond. In 
accord with such a truns-influence the Pd-C(3) distance is (2.076(14) A) longer than 
that found for other pentafluorophenyl palladium(I1) derivatives (2.029(4) and 
2.012(6) A in cis-Pd(C,Fg)Z(S,CPCy,) [25]). The distances Pd-P or Pt-P are in the 
same range as those in other similar Pd’ [5,6,22] or Pt’ [23] derivatives. 

The coordination planes around the palladium and platinum atoms are twisted 
about the Pt-Pd bond and the dihedral angle between them is 37.57”, similar to 
those in BrPd(p-dppm),PdBr (39”) [22] and ClPt(p-dppm),PtCl (38.6”) [23]. 

Experimental 

C, H and N analyses were carried out on a Perkin-Elmer 240 microanalyzer. 
Melting points were determined with a Buchi apparatus and are uncorrected. 
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Conductivities were measured in approx. 5 X 10 4 M solutions with a Philips PW 
9501/01 conductimeter. The IK spectra were recorded (in the 4000 -200 cm ’ 
range) on a Perkin- Elmer spectrophotometer using Nujol mulls betlveen polyethyl- 

ene sheets. ‘“F NMR spectra were recorded with CDCI i solutions on ;I Varian 
XL-200: 6 is relative to CFCI I’ 

The complexes Pt(COD), [26], Pt(PPh,), [27]. Pd(C’,F,),(dppm), [4a] PdCl((‘,- 
F; )(dppm), [4a]. PdBr(C,>F, )(dppm), [4a]. were prepared as described clwn here. 

To a solution of 0.137 g (0.33 mmol) of Pt(COD), in 70 ml ~\f benzene 
(deoxygenated) under nitrogen was added 0.33 mmol of I’tl?(((‘,F~.~)(Jppnl). (X z= Cl. 
Br. C,F? ). The initially colourlea> solution turned orange. and uab stirred for 1 h at 
room temperature. then concentrated to - 5 ml. Addition of I:t ,C) or n-hexane then 
gave the product as a deep \,ello\v (I, III) or orange (II) precipi;atc. Yield>. I: X0?. 
II: 659. III: 4Oq. 

‘To a solution of 0.300 g (0.24 mmol) of Pt(PPh, jJ in 30 ml of de<>uygenated 
benzene under nitrogen, was added 0.291 g (0.24 mmol) of Pd(C’,I;1 )2(dppm),. The 
mixture was refluxed for 30 min then evaporated almost to dryness. Addition of 10 
ml of Et .0 produced a deep yellow precipitate (111). Yield 77’~. 

ISCN)Pt(p-dppm), Pd(C,, FA) if C’) 
To a suspension of 0.100 g (0.07 mmol) of I in 20 ml of methanol. nas added 

0.007 g (0.07 mmol) of KSCN. The mixture was stirred for 5 h at room temperature 
then evaporated to = 10 ml, and the resulting solid was filtered off. ~\~ashed with 
4 X 10 ml of Lvater, and dried under vacuum. Yield 70’;. 

(CI,Sn)Pt(~-dppm),Pd(C;,P,) / C’I 
7’0 a solution of 0.1 g (0.07 mmol) of I in 30 ml of C’H,C’l- \vas added 0.014 g 

(0.07 mmol) of SnC12. The yellow solution turned orange. ?he mixture \vah stirred 
for 90 min at room temperature, then evaporated to - 10 ml and i-I’rOt-I,~‘lle~~~~~e 
(l/l. 30 ml) was added to precipitate complex V in 657 yield. 

[XPt(~-dppml,(y-il;,RIPd(C;,~~)IB~~; (X= Cl, R = p-C‘HIi,,fi,( l/I,; .Y =y C;,f$ R = 
p-CfI,C,H,(lill): .Y= C’I, R = o-NO,C,M, (Vlli~. A’ = c;,k,. K = IJ-.UO,C;>F~,(IX), 

To a cooled (-25°C) solution af 1 (0.11 g, 0.07 rnmol) in acetone (40 ml) was 
added 0.016 g (0.07 mmnli of ( p-CH,C,H,N,)BP,. The ,olution \v;~.\ stirred at 
~~ 25°C for I5 min and then allowed to reach t&n temperature during ca. 30 min. 
Evaporation to ca. 5 ml and addition of Et,0 (20 ml) afforded VI. u hich \va.s 
recrystallized from acetone,‘Ft,O. Yield: 7OC;. 

Similar procedures gave: VII: 609 yield: VIII: 66 Q vield; IN: 61s lieid. 

To a solution of I (0.100 g. 0.078 mmol) in CH,Cl Z (30 ml) were added 9.6 ~1 
(0.078 mmol) of MeO,CC-C’CO,Me. The mixture. protected frcjm the light, \\as 
stirred at room temperature for 6-d. then evaporated to ca. 3 ml. Addition of bt .O 
(40 ml) afforded X in 45of yield. Xl wax obtained similarly in 50”; lieid 
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[XPt(p-dppm),(p-SO,)Pt(C,F,)] (X = Cl (XII); X = C, F, (XIII)) 

SO, was bubbled for 1 h at room temperature through a solution of I (0.142 g, 
0.100 mmol) in 4 ml of CH,Cl,. The initial yellow solution turned orange. Et,0 (50 
ml) was added to precipitate XII, which separated with one molecule of CH,Cl, of 
crystallization. Yield: 90%. 

A similar procedure gave complex XIII; 92% yield. 

XPt(p-dppm),(p-p-TolNC)Pd(C,J?J (X = Cl (XIV); X = C,ci (XV)) 

To a solution of 0.178 g (0.138 mmol) of I in 40 ml of benzene was added 
p-TolNC (17.4 ~1, 0.138 mmol). After 2 h stirring at room temperature the solution 
was concentrated to ca. 5 ml and hexane (ca. 30 ml) was added to precipitate XIV, 
which recrystallized from CH,Cl ,/n-hexane. Yield 69%. 

XV was obtained similarly from III in 81% yield. 

[(RNC)Pt(p-dppm), Pd(C, F,)]BPh 4 (R = p-TolNC (XVI); R = CyCN (XVIII)) 

(a) From 1. To a suspension of 0.100 g (0.07 mmol) of I in 10 ml of NCMe was 
added p-TolNC (9.8 ~1, 0.07 mmol). The suspension was stirred for 5 min at room 
temperature, then 0.026 g (0.07 mmol) of NaBPh, was added to the resulting 
yellow-orange solution and the mixture was stirred for 1 h. The solution was filtered 
and evaporated, and the residual oil was stirred with i-PrOH/n-hexane to give 
crystalline XVI, which was dried at 80°C. Yield 65%. 

XVIII was obtained similarly; 62% yield. 
(b) Synthesis of XVIfrom XIV. A solution of 0.070 g (0.01 mmol) of XIV in 15 

ml of NCMe was stirred 1 h at room temperature, then a solution of 0.017 g (0.05 
mmol) of NaBPh, in 20 ml of i-PrOH was added. Evaporation to dryness left a pale 
yellow residue, which was washed with 2 x 10 ml of water and dried. Yield 80%. 

[(RNC)Pt(p-dppm)Jp-RNC)Pd(C, F,)]BPh I (R = p-TolNC (XVII); R = CyNC 

(XIX)) 
To a suspension of 0.100 g (0.07 mmol) of I in 10 ml of NCMe, was added 

p-TolNC (21 ~1, 0.16 mmol). The suspension was stirred for 5 min at room 
temperature, then 0.026 g (0.07 mmol) of NaBPh, was added and the mixture was 
stirred for 1 h then evaporated. The residual oil was stirred with i-PrOH/hexane to 
give crystalline XVII. Yield 70%. 

XIX was obtained similarly. In this case, the product was recrystallized from 
NCMe/i-PrOH in the presence of - 5 ~1 of CyNC. Yield 63%. 

[(t-BuNC)Pt(p-dppm)2 Pd(C, F;)]BPh, (XX) 
Complex XX is obtained by the method described for the preparation of complex 

XVIII using a 2.5/l molar ratio of t-BuNC to I. Yield 60%. 

[(L)Pt(p-dppm), Pd(C,FJ] BPh, (L = PPh, (XXI); L = py (XXZI)) 

PPh, (0.041 g, 0.155 mmol) was added to a suspension of I (0.100 g, 0.078 mmol) 
in 15 ml of MeOH. Stirring at room temperature for 10 min resulted in complete 
dissolution. After addition of NaBPh, (0.030 g, 0.087 mmol) the stirring was 
continued for 15 min. The solution was evaporated to dryness and the residue 
recrystallized from acetone/i-PrOH. Yield 80%. 

A similar procedure gave XXII; Yield 75%. 




