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The structure of the title compound has been solved from 5342 corrected 

intensities, R (R’) 0.067 (O-068), and confirms the trigonal planar coordination 
of the three ligands to platinum, with mean Pt-C(H) and Pt-C(F) separations 
of 2.027(10) and 2.173(9) & The crystals belong to the monoclinic space 
group P2,/a with 2 = 4 in a unit cell, a 11.634(3), b 17_684(7), c 12.137(5) A; 
fl108,59(3)” at 200 K. The variations in Pt-C and C=C distances are discussed 
with reference to related compounds. 

Introduction 

The discovery of trisethylene platinum [ 1,2] has led to a rapid expansion of 
platinum( 0) chemistry [ 31. Our investigations of the simple olefin complexes, 

namely, IFYGH4M CL21, C~YGH&I C51, and IPt(C2H4)dC2F4)l [I,41 were 
extended to consider the effects of introducing ligands with increased electron 
donating capacity, such as tertiary phosphines. The title compound provides an 
excellent combination of three different ligands, of which two are non-equiv- 
alent olefins. The synthesis and chemistry of these 16 e platinum(O) complexes 
[PPtL2] have been discussed previously [6]. The compounds show dynamic 
behaviour in solution with rotation of the olefin ligands, the barrier to which 
has been shown to be lowered for the remaining ethylene when tetrafluoro- 
ethylene replaces one ethylene ligand in [PPt(C2H4)2] *. Thus, in this study the 
structural changes which accompany an exchange of olefin ligands are investi- 
gated in detail. 

* P e tertiary phosphine. 
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Experimental 

The air stable, yellowish-white crystals grown from hexane/CHzClz for the 
X-ray study were prepared [6] by the reaction of tetrafluoroethylene with 
[(PGy,)Pt(C2H,),]. The crystal quality was unfortunately poor and some posi- 
tional disorder has been observed in the solid state. The resultant molecular 
parameters, therefore, do not show the increased precision we had hoped to 
obtain by reducing the temperature of the sample to 200 K. 

Crystal data are given in Table 1. Diffracted intensities (7643) were collected 
as described previously [ 71 using a Syntex P21 automated four-circle diffrac- 
tometer and the parameters in Table 1. Corrections were applied for Lorentz, 
polarisation and X-ray absorption effects and the structure solved by Patterson 
and Fourier methods. Full matrix least squares refinement was carried out using 
anisotropic thermal parameters for the Pt, P, F and C atoms of the olefin ligands, 
isotropic temperature factors for all cyclohexyl carbon atoms, and a common, 
fmed, isotropic parameter for all hydrogen atoms. Scattering factors were taken 
from ref.. 8 for Pt, ref. 9 for P, C and F, and ref. 10 for H, with the corrections 
for anomalous dispersion effects from Volume IV [S] _ 

Rather high temperature factors for some of the cyclohexyl carbon atopis 
led to the trial of various disordered models, but reIiabIe resolution of this posi- 
tional disorder and subsequent refinement was possible for only one ring 
[C(6n)]. It also seemed likely, from a consideration of the thermal and moleeu- 
Iar parameters, that the tetrafluoroethylene ligand could be disordered, through 
a librational motion about the midpoint C=C to Pt axis, but again alternative 
C, or F sites were not resolvable. 

Evidence for the positions of the ethylene hydrogen atoms was surprisingly 
strong, and their contributions, together with those for the calculated positions 
of the cyclohexyl hydrogen atoms, were included in subsequent structure fac- 
tor calculations, but neither their positional nor thermal parameters were 

TABLE 1 

CRYSTAL DATA FOR [Pt(P<CBH11)3)(C2Hq)(C2F4)l 

hlolecular weight 599.6 

Space group 

a CA, 
b 

i” 
u <AX) 
z 
F(OOO) 
h(Mo-K(y) 
P (cm-‘) 

P2lfU 
11.634<3) 
17.684(7) 
12.137(5) 
108.59<3) 
2367(2) 
4 

1192 

0.710 69 

61.3 

Independent data used 5342 

20 ImaxP 60 
Temperature (K) 200 

D, <ambient) g cmm3 1.58 
I > no(l);n 2 
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TABLE2 

FINALATOMICPOSITIONAL<FRACTIONALCOORDINATES)PARAMETERS FOR IPt(P(CgHI1)3} 
<C2H4)(C2F4)]WITHESTIMATEDSTANDARDDEVIATIONSINPARENTHESES 

Atom 

Pt 
P 

F(l1) 
F(l2) 

F(21) 
F(22) 
C(l) 
C(2) 
C(3) 
C(4) 
C(51) 
~(52) 
C(53) 
C(54) 
C(55) 
C<56) 
(X61) 

C(62) 
C(63) 
C(641)= 
C(642)= 
C(651)" 
(X652)= 

C(66) 
C(71) 
C(72) 
C(73) 

C(74) 
C(75) 

C(76) 
H(31)' 

~~32) 
H(41) 

1x42) 

x 

O-02871(3) 
O-1654(2) 

-+X1643(5) 
-0.1795(5) 

-0_1995(7) 

-O.2062<6) 
-0.1344(9) 
-0.1490<10) 
0.0725(10) 

0.1777(10) 
0.0878(g) 
0.0408<11) 

-0.0448(12) 
O-044(2) 
O-065(2) 
0.159(l) 
0_3070(9) 

O-2838(11) 
O-399(2) 
O-503(2) 
O-493(5) 
O-532(2) 
0.522<3) 
0.4081<13) 
O-2164(8) 
O-2952(9) 
0.3359<10) 
0.2302<10) 
0.1495(10) 

0.1099(10) 
0.0608 
0.0177 
0.2279 

0.2214 

Y 

O-01633(2) 

0.1041(1) 
O-1278(4) 
0.0805(4) 

-0.0082<4) 
+x0591(4) 
O-0672(5) 

-0.0081<6) 
+X0873(5) 
+x0574(5) 
O-1634(5) 
O-1173(7) 

O-1660(7) 
0.237(l) 
0.285(l) 
O-2346(9) 
O-0611(6) 

O-0022(6) 
-0.046(l) 
0.000(1) 
O-035(3) 
0.063(l) 
0.096(l) 
0.1160(8) 
0.1745!5) 
0.1367<6) 
O-1961(6) 
O-2356(6) 

O-2735(6) 

0.2141(6) 
+I_0784 
-0.1283 
-0.0467 

-0.0507 

z 

0_29549<3) 

O-2631(2) 
O-2717(6) 
0.1023(5) 

O-3519(5) 
O-1848(6) 
O-2252(8) 
O-2659(9) 
0.3948(g) 

0.3908(8) 
O-1344(8) 
0.0179(20) 

-O-0749(12) 
-O-099(2) 
O-026(2) 
0.117(l) 
O-2555(9) 

0.1516<11) 
0.181(l) 
0.171(l) 
O-133(4) 
O-278(2) 

O-232(3) 
O-2493(12) 
O-3841(7) 
0.4951(9) 
O-5948(9) 
0.6139(S) 
0.4998(10) 

0.4011(9) 
0.4723 
0.3601 
0.4691 

0.3274 

aAtomdisordered betweentwo sites (C(nml)and C(nm2))intheratio <%) 65135. b Ethylenehydrogen 

atomicpositionaIparameters only aregiven.Those forallotherhydrogenatomsare deposited. 

refined. A weighting scheme of the form W = [ a2(Fo)]-‘, was employed to give 
a reasonable weight analysis. o(F,) is the estimated standard deviation in [F,&] 
based only on counting statistics. Final atomic positional parameters are given 
in Table 2 *, associated bond lengths and inter-bond angles in Table 3, with 
selected least squares planes in Table 4. 

* AIlsupplementary materialvizcalc~atedandobservedstructure factors.hydrogenstom coordi- 
natesandassociatedparameterscanbeobtainedfromtheauthoruponrequest. 
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TABLE3 

BOND LENGTHS &) ANDINTERBONDANGLES co, FOR CPt(P~C6Ht~)3}~C2H4)(C2Fq)l:(200 K) 
WITHESTIhlATEDSTANDARDDEVIATIONSINPARENTHESES 

Distances Angles 

C(l)_-F<ll) 
C(l)-F(12) 

1.31(l) 

1.43(l) 

C(2)-F(21) 
C(2)-F(22) 

1.35(l) 

1.34(l) 

C(3)-H(31)' 

C(3)-H(32) * 

1.00 

0.97 

C(4)-H(41) ' 0.96 
C(4)-H(42)b 1.05 

P-C(51) 1.859(S) 
P-C(61) l-843(12) 
P-%(71) 1.872(S) 

C(51)--C(52) 
C(52)-C(53) 
C(53)-C(54) 
C(54)-C(55) 

C(55)-C(56) 
C(56)--C(51) 

C(61)--c(62) 
C(62)--C(63) 

C(63)-C(641)c 
C<63j-C(642)= 

C(641)--c(651) c 
C<642)<(652) = 
c(6sl)--c(s6) c 

C(652)-%(66) = 
C(66)-C(61) 

2_343(2) 

2.026(S) 
2_029<12) 
l-45(2) 

2.163(g) 
2.183(S) 
l-35(2) 
1.894 

2.065 

1.57(l) 
l-51(2) 
l-61(3) 
l-69(3) 
l-56(2) 
1.56(Z) 

1.59<2) 

l-53(3) 
l-49(3) 
l.99<3) 

l-66(3) 
l-57(6) 
1.66(3) 
l-45(4) 

l-55(2) 

P-Pv-C<l) 

P-P+c(2) 

P-Pt-C(B) 

P-PkC(4) 
P-Pt-C(l.2)" 
P-Pt-C(3.4)" 
c(l)-Pt--c(2) 
c(3)-Pt--c<4) 

c(1.2)-Pt-C<3.4) = 

F(ll)-C(l)-F(12) 104.8(7) 

F(ll)-C(l)--C(2) 122_0(10) 

F(12)-C(l)-C(2) 117.5(8) 
F(21)--C(2)--F(22) 109.2(9) 

Ft2l)--C(2)--C(l) 113.1<10) 

F(22)--C(2)-C(l) 116.8(S) 

C(51)-P--c(61) 113-l(8) 
C(51)-P-C(il) 103.4(8) 
C(61)-P-C<71) 104.4<8) 
Pt-P-C(51) 109.9(3) 

Pt-P-%(61) 113.6(3) 

Pt-P-c(71) 111.8(3) 

C<56)-C(51)-C(52) 110(l) 
C(51)-C(52)-C(53) 109(l) 
C<52)-C(53)--c(54) 105(l) 
C(53)-C(54)-C(55) 98(l) 
C(54)-C(55)-C(56) 103(l) 
C(55)-C(56)-C(51) 106(l) 

103.3(3) 

145.0<3) 

127-l(3) 

91.0(3) 

124.2 
109.0 

41-S(4) 

36-l(4) 

126.8 

108(l) 

105(l) 
llO(2) 

9x21 
105<2) 
105<4) 
108(3) 

106(l) 
105(l) 

o Midpoint C<n.m) of line ioining C<n) to C(m): positional parameter not reimed. 'No e.s.d.given 
forhydrogenatomparameters. Fixed contribution. 'Partially disordered cyclohexylC atoms. 

Results and discussion 

The structure consists of discrete molecules (Fig. 1) in which the platinum 
atom is essentially coplanar with the four olefinic carbon atoms and with the 



379 

TABLE4 

SELECTED LEAST SQUARE PLANES FOR [Pt{P<CBHi1)3)(CqH4)(C2F4)] IN THE FORM px + qx + 
rz = s (where s, y and L are fractional co-ordinates) 

Plane descriptions P 9 r S 

(1) pt. C(l). C(2) -2.779 6.611 
(2) Pt. C(3). C(4) -2.171 9.028 
(3) Pt. P. C(1). C(2). C(3). C(4) -2.653 8.308 
(4) C(1). F(l1). F(12) 10.518 7.626 
(5) C(2). F(21). F(22) 6.063 -12.438 
(6) C(3). H(31). H(32) 7.219 -11.708 
(7) c(4). ~(41). ~(42) -3.083 16.923 

Maximum deviation from plane (3) observed for C(1) and C(2) kO.07 -8 

11.234 3.348 
10.378 3.152 
10.693 3.248 

-3.045 -1.594 
3.545 0.140 
2.434 2.506 

-0.336 -1.651 

Angles between planes Ill--121 go 

14k-151 79O 

161~-171 32’ 

phosphorus atom of the phosphine ligand (Table 4), thus providing a further 
example of this predicted geometry [ 111. 

The Pt-C separations (2.027 and 2.173 8) can be compared with the equiv- 

alent ones of [Pt(C2H,&(C2F,)] where the mean Pt-C(F) and Pt-C(H) are 
2.031 A and 2.229 A respectively. In the aforementioned compound and also 
in [Pt(C2H4)(PCy,) (Duroquinone)] [12], the olefin has been observed to be 
asymmetrically bound to Pt, with significant differences in Pt-C separations_ 
The parameters from the more recent study of [Pt(CzH4)(PCy3)(Duroquinone)], 

Fig. 1. The structure of [Pt{P(C6HII)3)(C2H4)(C2F4)]. 

F(221 
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another example of three different ligands attached to platinum with the same 
kigonal planar geometry, suggests that perhaps such an arrangement might be 
observed herein, the inequivalence of the Pt-C distances arising from the posi- 
tions of the olefinic carbon atoms relative to phosphine and the CF, moiety of 
the tetrafluoroethylene, each of which has different 7r donor/acceptor character- 
istics from ethylene itself. Unfortunately the quality of the data and the 
resultant accuracy of the molecular parameters, means that the difference in 
the Pt-C distances observed for the title compound (A = 0.002 A) is not signif- 
icant (es-d. 0.009 A)_ 

The Pt-P bond length of 2.343(2) A is slightly longer than that in the duro- 
quinone complex, viz.: 2.327(l) 8, whereas we might have predicted the reverse 
result, given that tetrafluoroethylene is a stronger K acceptor than duroquinone, 
an assumption supported by the closer Pt-C interaction and longer C--C dis- 
tances, 2.027(10), 1.45(2) pi and 2.151(4), l-432(6) A respectively. The differ- 
ence between the Pt-C(H) in both compounds is less significant, 2.173(9) cf. 
2_169(6) A, similarly for the corresponding C!=C values of l-35(2) and 1.398(S) 
A. 

The degree of bend back at the coordinated carbon atom of the substituent 
atoms, given by the parameters OL and p, as designated by Ibers 1131 (I) are 32”, 
77.5” for the ethylene and 79” and 50.6” for the tetrafluoroethylene ligands 
respectively. The corresponding values in [Pt(C2H,),(C2F,)] are 32”) 74“ and 
70.4, 54.8”. a which increases from zero on coordination, whilst 6 decreases 
from 90”) does so with an increase in the electronegativity of the substituent 
atoms and hence the ligated carbon atoms approach a more tetrahedral geome- 
try for the CF2 moiety. 

(I) 

The reduction in the barrier to rotation of the remaining ethylene ligand 
when one (CzHd) in [Pt(C2H&(P)] was replaced by (CZF4), calculated to be 
approximately 3 kcal mol-’ from the NMR data [ 61, is supported by the molec- 
ular geometry observed herein_ The shorter Pt-C(F) and longer C=C(F) dis- 
tances reflect a higher n donor and n* acceptor capacity of (C2F,) relative to 
(CZH4), hence a higher barrier to rotation of the former. In the title compound, 
two environmentahy distinct (CF2) groups are observed in the rgF NMR spec- 
trum. A similar difference in rotational ability of (CsF,) versus (&Ha) has been 
reported previously for [(CSHs)Rh(C2H4)(C2F4)] 1141. 
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