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Abstract 

Reaction between Pt(CH,),(diolefin) (diolefin = norbornadiene (NBD); l$cyclooctadiene (COD)) and two mole equivalents of 

CF,I produces, in addition to the previously reported products Pt(CF,),(diolefin) (2) and [Pt(CH,),I],. the mixed alkyl compound 

Pt(CH,XCF,)(diolefin) (1). The crystal structure of Pt(CH,XCF,)(NBD) (la) has been determined, together with that of 

Pt(CF,),(NBD) (2a) for comparison. The complexes are isomorphous and isostructural. The Pt-C (CH,) and Pt-C (CF,) bond 

distances in la are similar (each 2.07(2) A), and are similar to the Pt-C distance in 2a. The Pt-C (norbornadiene) distances 

likewise show only slight differences (means 2.23(2) (la), 2.26(4) A (Za)). 

1. Introduction 

The only known preparative route to bis(trifluoro- 
methyl)platinum(II) complexes involves the reaction of 
trifluoromethyl iodide with Pt(CH,),(diolefin) (3) to 
give Pt(CF,),(diolefin) (2). This reaction was first re- 
ported by Clark and Manzer for the 1,5-cyclooctadiene 
(COD) complex [l], and we recently used a similar 
method to prepare Pt(CF,),(NBD) (2a) (NBD = 
norbornadiene) [2]. Although it has always been clear 
[l] that these reactions must proceed z*ia a sequence of 
oxidative addition-reductive elimination reactions, with 
the mixed alkyl complex Pt(CH,)(CF,)(diolefin) (1) as 
an intermediate (Scheme l), such compounds have not 
previously been detected. We describe below the isola- 
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tion and characterization of the complex Pt(CH,)- 
(CF,)(NBD) (la> and the characterization in solution 
of Pt(CH,)(CF,)(COD) (lb). The crystal structure of 
the complex la has been determined, together with, for 
comparison, the structure of Pt(CF&NBD) (2a). 

2. Experimental details 

2.1. Starting materials 
Trifluoromethyl iodide was supplied by Fluorochem 

Ltd. Published methods were used to prepare 

Pt(CH&COD) tll, Pt(CH&NBD) 131, and Pt 
(CF,),(NBD) [21. 

2.2. General 
The 99.6 MHz ‘H, 94.2 MHz 19F, 25.05 MHz 13C, 

and 21.4 MHz “‘Pt NMR spectra were recorded on a 
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JEOL JNM FX-100 spectrometer with ;t 10 mm tun- 

able probe. A 5 mm tube was used with an adapted 

spinner for the ‘f-i and “‘k’ spectra. 100.4 MHz “(‘ 

spectra wcrc recorded on a JEOL JNM G,X-400 spcc- 

tromctcr with 3 5 mm dual ’ H/“C’ dual probe. and 

ZOO MHz ‘H NMR spectra on a Rrukor ZOOACf~ 

spectrometer. Chemical shifts (positive to lower field) 

arc relative to internal tetramcthylsilanc (I’MS) for i 1 i 

la 
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R-CF, 2b 

R=CH, 3b 

“‘Pt NMR spectra have been previously described 151, 

but not the ‘H spectrum: (in CDCl,) 6(H,) 6.13, 
J(Pt-H,) 43.7 Hz; 6(Hp) 4.31; 6(H,) 1.77. 

2.3.2. Pt (CH, ) f CF.,) (NBD) (la) 

The complex Pt(CH,),(NBD) (3a) (2.00 g, 6.3 mmol) 
was dissolved in 10 ml CH,Cl,, and the solution was 
transferred to a thick-walled Carius tube of 30 ml 
capacity. The solution was degassed and frozen under 
vacuum. Trifluoromethyl iodide (12 mmol) was con- 
densed into the tube, which was then sealed. The tube 
was immediately covered with aluminium foil to ex- 
clude light, and allowed to warm to room temperature. 
After 16 h at this temperature, during which some 
crystals of [Pt(CH,),Il, separated, the tube was opened. 
The solution was taken to dryness under reduced pres- 
sure. The resultant solid, which contained unchanged 

Pt(CH,),(NBD), Pt(CH,)(CF,)(NBD), Pt(CF,),(NBD), 
and [Pt(CH,),I],, was extracted with acetone (2 x 10 

ml), to leave 0.62 g of [Pt(CH,),I],. The combined 
acetone extracts were taken to dryness. A column 
(25 X 1 cm) of Florisil in dry, distilled n-hexane was 
prepared, and the solid transferred to the top of the 
column. Initial elution with n-hexane (120 ml) removed 
unreacted Pt(CH,),(NBD) (0.44 g, after the eluted 

solution was taken to dryness). Dry, acid-free 
CH,Cl,/n-hexane (volume ratio 1: 8, 140 ml) was then 
used to elute Pt(CH,)(CF,)(NBD) (0.30 g after the 
solution was taken to dryness). Finally, elution with 
neat CH,Cl, (80 ml) gave Pt(CF,),(NBD) (0.15 g, after 
removal of solvent). The crude Pt(CH ,)(CF,)(NBD) 
was recrystallized by addition of n-hexane (10 ml) to a 
CH,Cl, solution (2 ml), followed by slow evaporation 
of the solvent. The colourless crystals were filtered off 
on a sintered glass funnel (0.25 g, 11%). 

Analysis: Found: C, 29.3; H, 2.9; F, 15.1. C,H ,,F,Pt 
calcd.: C, 29.1; H, 3.0; F, 15.4%. 

NMR (in (CD,),)CO, 13C values from 100.4 MHz 
spectra, ‘H values from 200 MHz spectra; norbornadi- 
ene atoms are labelled as in structure la): ‘H 6(Pt- 
CH,) 0.66, *J(Pt-CH,) 89.2 Hz; 6(H,) 5.54, J(Pt-H,) 
38.8 Hz; 6(H,) 5.85, J(Pt-H,) 45.0 Hz; 6(Hp) 4.24; 
H,, two non-equivalent protons, 6(H,,,) 1.73, J(F-H,,) 
0.64 Hz, 6H,, 1.66, J(F-HY2) 0.45 Hz, *J(H,,HYz 8.6 
Hz). 13C G(Pt-CH,) 4.54 (quartet), ‘J(Pt-C) 788.1 Hz, 
J(F-C) 4.9 Hz; G(Pt-CF,) 130.20 (broad quartet), 
‘J(C-F) 342.8; 6(C,) 97.01, J(Pt-C,) 41.0; 6(C,) 99.70, 
J(Pt-C,) 51.0; a(&) 51.74, J(Pt-C,) 38.1 Hz; W,,) 
75.41, J(Pt-C,) 55.7. ‘“F -34.02 ppm, *J(Pt-CF,) 

893.6 Hz. ‘“‘Pt (quartet) -3869 ppm. 

2.3.3. Reaction of Pt(CH,),(COD) (3a) with CF,I 
An analogous reaction was carried out between 

Pt(CH,)z(COD) and CF,I. After [Pt(CH,),I], was 
filtered off, the solution contained unchanged 
Pt(CH,),(COD), Pt(CF,),(COD) (previously character- 
ized [l]), and Pt(CH,)(CF,)(COD) (lb). This last com- 
pound was not isolated, but was characterized in solu- 
tion by NMR spectroscopy (in CDCl,, with cycloocta- 
diene atoms labelled as in structure lb): ‘H (100 MHz) 

G(Pt-CH,) 0.78, ‘J(Pt-CH,) 80.2 Hz; 6(H,) 5.11, 
J(Pt-H,) 37.5 Hz; 6(H,) 5.33, J(Pt-H,) 40.3 Hz; 
6(H,, H,) 2.33. ‘“C (100.4 MHz) G(Pt-CH,) 1.79, 
‘J(Pt-C) 730.5 Hz, J(F-C) 5.9 Hz; 6(C,) 103.90, J(Pt- 
C,) 46.9 Hz; 6(C,) 104.84, J(Pt-C,) 66.4 Hz; 6(C,, 
Ca) 29.04 (peaks from platinum coupling not resolved). 
‘“F -30.53 ppm, ‘J(Pt-CF,) 810.6 Hz. ‘95Pt (quartet) 
-3807 ppm. 

2.3. Crystal data 

la: C,H,,F,Pt, M, = 371.3, orthorhombic, space 

group Pz12,2,, a = 8.040(3), b = 9.185(2), c = 
13.041(5) A, V= 963.5 A3’, Z = 4, D, = 2.560 g cm-3, 
F(000) = 680, ~(Mo Kcu) = 153.2 cm-‘, T = 297 K. 

2a: C,H,F,Pt, M, = 425.2, orthorhombic, space 

group Pz12,2,, a = 8.138(l), b = 9.450(2), c = 
13.475(3) A, V = 1036.3(4) A”, Z = 4, D, = 2.724 g 
cm-3, F(000) = 776, ~(Mo Kac) = 143.0 cm-‘, T = 293 

K. 

2.4. Data collection, structure determination, and refine- 

ment 
X-ray diffraction data were collected on Nicolet 

R3m diffractometers using graphite crystal monochro- 
matized MO Kcu radiation from crystals measuring 0.38 
x 0.35 x 0.31 mm (la) and 0.30 X 0.26 X 0.15 mm (2a). 
1002 and 855 unique reflections were collected for la 
and 2a up to 29,,, = 50” and of these 909 [I > 2.5 
U(Z)] and 769 [Z > U(Z)] respectively were considered 
observed and used in structure refinement. Data were 
corrected for absorption. Although complex la turned 



black during the data collection. the maximum dc- 

crease of 1 r/r in the intensities of two standards moni- 

tored during this time indicated negligible cQstal dc- 

cay. With complex 2a. this problem M’il< mrtre cute. 

necessitating v-ding of the data to allou foi- decrease 

in ciiffrsction intensity. This also ~1ccoc111[~ lol- the 

paucity of observed data, and IS retlectcd ill tiic iliscjr- 

dcr observed. particularly in the trifluoromrth~l groups. 

The structures were wlvcd bq i’att~rson methods 01 

s~if~~.\i-fih [Cl] and rcl’inud by full-matrix lc;ikt-\cjuarcs 

refinement (~141 1 k-76 [7]) to raitluaib K f = \,: 

I/ L], ~ ~- hi. /~ (112: / I+;, i } and R;, { r= i!.;lz. Ii Is;, 
i I;, // ‘/Cw- i F,> .‘) I} 01‘ 0.041, 0.035 i lai ;incl O.Of)?. 
O.Oh7 (2a). No hydrogen atoms LCCI-e incl~~dccl in the 

refinements. Neutral atom scattering factors u’crc used 

[X] with the data corrcctcd for the cf’fecrs of’ anomalous 

dispersion [S]. l‘hc disorder in one of’ lhc trifluo- 

romethyl groups in 2a was aiiouccl lol- by including the 

fluorine atoms with partial \itc c~cup~~ncies. I;inal 

atomic coordinates are gi\,en in ‘1’:1bl~ I tvhilr twntl 

distances anti angics arc listed in Tahic 2. .2nisotropic 

thermal parameters. ohserved antI c~nlculatecl structure 

factors. and bond distance> and angics wthin the nor- 

hornaciionc ligand arc :t\ailabie from the ,tuthor\. 

3. Results 

3. I. 71~~ rcwc‘tiom hctnwrl I’t((‘~-l,!,(tliolt,~~l) (3) crrui 

CF:I 
When l’t(C’l~_;),icliolcfin) (3) reacts with :t large es- 

cess of CF,I. Pt(CI;,),(diolcfinj (2) is always the m:i,jor 

product [ 1,2]. The optimum molar ratio of’ C‘F, I to 3 
for maximizing the formation a!’ the mixed.-dlkyl com- 

pounds Pt(C’H ;)(CF~,Mdiolefin) (1) in iiictil(lrtrrn~tii~lii~ 

was approximately C : 1. mci ewn then tilt yield ot’ 1 

u’as always low (up tr, 30’; in the reaction niiuturc in 

solution). Addition ot‘ hydroquinonc (O.ir:; M) as 3 

radical scavenger had no Ggnif’icant cl’f’ect on the dihtr-i- 

bution of products f’rom the reaction. 

.3.2. 771~ ctyrtul trnd r~wlcular .strtwtittm 01 la irrd 2a 

Complexes la and 2a are isostructural and isomol-- 

phous. Although there is considershle dihordcr in the 

trifluoromethyl groups. particularly in 2a. the basic 

structural features of the two compounds arc compara- 

bie. and similar. Figure I show\ the molecul~tr conl‘igu- 

ration for la. ‘llc coordination about Pt is ‘quare‘. as 

expected with the (‘-P-c‘ bond angle associated v.ith 

the alkyl groups cios~~ to 90” [W.%OY. ( la): ‘1 Ii 1 f’, (2a)]. 

The Pt-C distances arc also equal uithin ~upcrimental 

error for rhe methyl and tritluororn~thyi grclup,. With 

the exception of one value j.?.%(J) A in 2a]. all of’ the 

Pt-<’ (NBI>) distances in both compoun~l~ arc‘ also 
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TABLE 2. Bond distances (A) and angles (“) about the coordination 

sphere 

Distances 

Pt-C(I0) 

Pt-C(20) 
Pt-C(1) 

Pt-C(2) 

Pt-C(4) 

Pt-C(5) 

An& 

C(lO)-Pt-C(20) 
C(lO)-Pt-C(l) 

C(lO)-PttC(2) 

C(IO)-Pt-C(4) 

C(lO)-Pt-C(S) 

c(zo)-Pt-c(l) 

C(20)-Pt-C(2) 

C(20)-Pt-C(4) 

C(2O)-Pt-C(S) 

C(l)-Pt-C(2) 

C(I)-Pt-C(4) 

C(l)-Pt-C(5) 

C(2)-Pt-C(4) 

C(2)-Pt-C(5) 

C(4)-Pt-(‘(5) 

la 

2.07(2) 
2.07(2) 
2.25(2) 

2.23(2) 

2.23(2) 

2.22(2) 

8959) 
100.2(10) 

101.6(10) 

160.2(11) 

158.5(Y) 

159.X(7) 

161.6(8) 

101.1(7) 

100.5(7) 

32.0(10) 

75.X9) 

64X8) 

64.3(g) 

74.3(7) 

35.4(8) 

2a 

2.02(4) 
2.07(4) 
2.36(4) 

2.24(4) 

2.24(3) 

2.21(4) 

91(l) 
104(l) 

103(l) 

162(l) 

160(l) 

156(l) 

160(l) 

98(l) 

95(l) 
33(l) 

73(l) 

65(l) 

64(l) 

77(2) 
35(l) 

’ H-decoupled rysPt NMR spectrum showed a 1: 3 : 3 : 1 

quartet from coupling with the ‘“F nuclei of a single 
trifluoromethyl group. The ‘H-decoupled 100.4 MHz 
‘“C spectra showed a quartet (with satellites) from the 
methyl carbon nucleus, with a small ‘“F,C-Pt--‘“C 
coupling. Analogous couplings have previously been 
observed in some mixed alkyl platinum(W) complexes 

[21. The central quartet from the trifluoromethyl car- 
bon was also observed in the ‘“C spectrum from la. 
Each separate carbon atom in the diolefin part of each 
molecule gave a singlet with satellites from coupling to 
“‘Pt, except for the signals for C, and C, in the COD 
complex lb, which were coincident, and which showed 
no resolvable coupling to platinum. 

The 200 MHz ‘H NMR spectrum of a degassed 
solution of Pt(CH,)(CF,XNBD) (la) in (CD&CO was 
examined in some detail. The methyl group showed a 
1 : 3: 3: 1 quartet (with satellites), from a small (0.52 
Hz) coupling with the fluorine nuclei. This may be 

compared with the value of 0.7 Hz for 4J(‘9F3C-Pt- 
C’H,) in Pt(CF,),(CH,)Ipy, [2]. The protons of the 
coordinated norbornadiene gave, as expected, a sec- 
ond-order pattern, which was not analysed in detail. 
The “bridgehead” protons H, gave a complex multi- 
plet, and the olefinic protons two “complex triplets” 
with satellites (Fig. 3). Irradiation of the H, multiplet 
caused considerable simplification of the spectrum, 
with the signals from the olefinic protons now singlets 
with satellites. In this spectrum with coupling to H, 

0 

f122) bF(21) 

Fig. I. Molecular configuration and atom naming scheme for la. 
Complex 2a is isomorphous with la. Hydrogen atoms are included at 

calculated positions. 

removed, the protons attached to C, gave an AB 
pattern, with each peak showing quartet splitting from 
a small long-range coupling with the 19F nuclei. The 
presence of this coupling is remarkable in view of the 
absence of resolved coupling to ‘“F for the olefin 
protons, which are much closer, both in number of 
bonds and through space, to the trifluoromethyl group. 

The olefinic protons tram to trifluoromethyl (H,) 
would be expected to be related by nuclear Overhauser 
enhancement (nOe) to the protons of the methyl group 
which is cis to it. Difference spectra showed that only 
the resonance from the olefin protons at 5.85 ppm 
increased in intensity when the methyl protons were 
irradiated, and a 2-D NOESY spectrum showed a 
strong corresponding cross-peak. There was no mea- 

Fig. 2. Packing of la in the unit cell viewed down b 



surablc nOe interaction bctwcen the other olcfinic 

protons (rcsonancc at 5.54 ppm) and the methyl pro- 

tons. This allowed the rcsonancc al 5.85 ppm (with tht: 

larger coupling constant to ““l’t) to hL’ as\iyKxi to I-I<,. 

Assignments of cllefinic ‘-‘<‘ resonance4 in la and lb, 

and the olef’inic ’ I-i resonances in lb were rhcn rntdc 

on the basis th:tt the coupling constants tfr ,“;i’t wcrc 

larger f~rrrlv to Cl-; than IWUS tcr mcth!4. 

3. Discussion 

The characterizatit,n of Pt(C’H I)(C’I:,i(diolefin) (I 1 
as a reaction product b\hen (‘E.‘.; 1 ii in mali cxcuss 

makes it very likely that this mixed .tlkyl a~mpountl is 

an interrncdiatc in the formation of the his(trifluoro- 

methyl) complex, 214 shown in Sclw~nc 1, ‘l‘hc initial 

product of osidati\c addition of Cl.;1 to Pt((‘fii 4),(iti- 

olefin) would he I he platinum( IV) diolcfin compicx 

Pt(<‘IH ,),((‘I;,)I(diolcfin) (4). Pl;rtinuni(lV) olct’in ~:OIII- 

plexes arc not iisually ilahle. prcsrtrnabl~ Ik~;rL~ac 01’ 

insufficient a\2iilahility 01’ m~t;ai 77-cIcctroi~~. ‘i‘herc is 

only mc exampIt: so far knobw of ;t 4t;ff~l~ ic~iipl~~ in 

ivhich the olei’in is part of :I tricienwtc chcl;~tinp ligand 

[ 1 I]. In sencral. 2 platinum(l\‘) diolcfin complcu 

PtCCH i ),o(KY )(diolefin) may be transformed 10 a more 

stable complex in one ol two bays. It ma! ic:sc (he 
diolcfin ligand to form a stable platinum(l\i i complex. 
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Mechanistic studies of the oxidative addition of alkyl 
halides to dialkylplatinurn(II) compounds, by kinetics 
and isotopic labelling studies, have usually been inter- 
preted in terms of S,2 attack by the metal centre on 
the carbon atom of the alkyl halide [14,20,21]. Results 
of mechanistic studies of reductive eliminations from 
organoplatinum(IV) complexes have been interpreted 
as indicating that there is a concerted elimination of 
two groups originally bound to the same metal atom 
(rather than an intermolecular reaction) [14,17,20]. For 
the reactions under consideration in this paper, kinetic 
studies would be difficult because a number of compet- 
ing and sequential reactions lead to the final product. 
From the absence of any effect on the reaction product 
distribution when hydroquinone was introduced as a 
radical scavenger, it was unlikely that any important 
reaction in these reaction sequences proceeded by a 
radical chain mechanism. 

4.2. Comparison of properties of methyl and trifluo- 
romethyl groups as ligands 

The NMR trans influence of the trifluoromethyl 
ligands, as measured by platinum couplings to nuclei in 
trans ligands, has long been recognized as being slightly 
lower than that of methyl [13,14,22]. These compar- 
isons involved analogous, separate, methyl and trifluo- 
romethyl complexes. Coupling constants between ly5Pt 
and olefinic protons provide a sensitive measure of 
NMR trans influence, which correlates well with other 
coupling constants (e.g., *J(Pt-CH,) trans to the same 
ligands [23]. Some Pt-H(olefin1 coupling constants for 
NBD and COD complexes are listed in Table 3. For 
compounds PtR,(diolefin) the Pt-H coupling constant 
is larger in magnitude when R = CF, than when R = 
CH,. The compounds described here are the first in 
which both methyl and trifluoromethyl groups are pre- 
sent in the one compound trans to coordinated olefin 
groups, and, consistently with the results presented in 

TABLE 3. Coupling constants between ly5Pt and olefinic protons for 

selected compounds 

Compound J(Pt-H) Ligand tram Ref. 

(Hz) to olefin 

Pt(CH,),(COD) (3b) 40 CH, 1 
Pt(CH ,)CI(COD) 35 CH, 1 

78 Cl 

Pt(CF&COD) (2b) 42 CF, 1 

Pt(CH ,XCF, XCOD) 37.5 CH, 
a 

lb 40.3 CF, 
Pt(CH,),(NBD) (3a) 39.6 CH, 3 

Pt(CF,),(NBD) (2a) 43.1 CF, 
a 

Pt(CH ,XCF,XNBD) 36.3 CH, 
a 

la 45.4 CF, 

a This work. 

PMePh, 

R- Pt __ CL 

6MePh, 

R = CH, 7a 

R = CF, 7b 

R : CzF5 7c R = CH,8a 

R = CF3 8b 

Table 3, the Pt-H(olefin) coupling constant in la was 
larger than that trans to methyl. The behaviour of the 
one-bond 1y5Pt-‘3C coupling constants for the olefinic 
carbon atoms paralleled that of the Pt-H(olefin) cou- 
plings. 

In a comparative study of the properties of alkyl and 
perfluoroalkyl ligands bound to platinum(II), Bennett 
and co-workers determined the crystal structures of 
trans-PtCl(R)(PMePh,), (R = -CH, (7a), -CF, (7b), 
and -C,F, (7~1) [24], and PtR,(SP) (R = -CH, (8a), 
-CF, (Sb), SP = (2-vinylphenylldiphenylphosphine) 
[25]. Because of crystallographic disorder, bond dis- 
tances for trans-PtCl(CF,)(PMePh,), (7b) could not be 
used for comparisons, but no such disorder was ob- 
served for 7a or 7c. The Pt-Cl bond length trans to 
methyl in 7a (2.412(2) A> is significantly longer than 
that trans to pentafluoroethyl in 7c (2.363(2) A>. On 
the other hand, the Pt-P bond length (2.276(l) A> and 
the Pt-C (olefin) distances (2.223(5), 2.201(5) A> in 8a 
trans to methyl are all slightly shorter than the corre- 
sponding distances trans to trifluoromethyl in 8b (Pt-P 

2.310(l), Pt-C (olefin) 2.290(51, 2.245(51 A>. 
Bennett and co-workers [24,25] discussed these ob- 

servations in the light of the model of metal-fluoro- 
olefin bonding developed by Hall and Fenske 1261. In 
this model, the trifluoromethyl ligand forms a strong 
covalent bond with the metal, but the electron- 
withdrawing fluorine atoms produce a high positive 
charge on the fluoroalkyl carbon atom, which, in turn, 
stabilizes (and contracts) the metal orbitals. The Pt-Cl 
bond of 7c is then shortened relative to that in 7a 
owing to this electrostatic interaction. For the Pt-olefin 

bond of 8b relative to Sa, however, the slightly lower 
a-trans influence of CF, (which would tend to shorten 
trans bond lengths) is balanced by the lesser availabil- 
ity of metal d, electrons (due to the orbital contraction 
mentioned above) which would tend to weaken and 
lengthen the metal-olefin bond. This produces the 
small net lengthening observed for Sb relative to 8a. 



When a methyl and a trifluoromethyt ligand arc 
bound to the one metal atom, as in la, the “cteclro- 
static” effect of the positive charge on the i’tuoroatkyt 
carbon atom would be expected to havz hoth an 
isotropic component. involving all metal c~rbitats, and 
an anisotropic component, dcpcndcnt on the t:ffecl on 
orbitats close to the ftuoroatkyt group. Rcwusc of 111~ 

isotropic component. the difference between the 
metal-carbon distances ~rana to methyl and triftuo- 
romethyt in la would be expect4 to he tcss than that 
between such distances in Sa and 811. In keeping with 
this expectation. there is no significant dif’erencc hc- 
tween the two metal-otefin distances in la. 

Metal-carbon(fluoroatkyt) bond lengths ;~I-LI usuatt~ 
shorter than metal-atkyl bond lcnglhs in analogous 
complexes. For example, the Mo-C (ethyl) bond !cng$ 
in (rli-C,Hi)2Mo(CO)I(-_(‘~t~i) is 2.397 .t. 0.019 A 
[27]. and the MO-C (fluoroatkyl) boncl length in CT’- 
C,H5)1Mo(CO)l(n-C’it:-) is 2.28X( 1.3) A [2X]. (‘hurchilt 
and Fcnnessey [28] explained this dccrca\e in terms of 
metal d, -+ lluoroatkyt V+ hack donation. Rcnnctt (11 
al. [24] reported rhc smatter dccreasc in 7c (2.0038) A) 0 
compared with 7a (2.08 t(h) A). and cxpiaincd it in 
terms of the Halt and Fcnske modct [2h]. I-athcr than 
metal-fluoroalkyt ;;-bonding. In this model, Ihe c>rbilnt 
used by the triftuoromethyt ligand in its bond with the 
metal has more c‘ 2s character than thal used by the 
carbon atom in mcthyt. This would cause ~omt: bond 
shortening, hut Bennett et 01. [?d], ascribed the m:t~or- 

effect to contraction of the rnctat orbitali cirlc to the 

electrostatic cffcct of the charge on lhc fluoroatk>;t 
carbon. In 8b, the Pt-C (C‘F;) bond tengths (2.0X2(5) A 
trms to P. 2.032(5f A truns to otcfin) wcrc atso shortc: 
t)an the P-C (CH3) bond lengths in 8;~ j?.t(,h(5) 
A mm to P. 2.052(b) A ~urrm to otcfin) [25]. ~I‘he 
difference hetwecn the two bond lengths t~(~~~.y to otcfin 
is quite small, and barely significant. 

In la. with the mcthyt and trifluoromcthyl gr<>ups 
bound to the same metal atom, any isotropic clcctro- 
static effect on metal orbitats wilt again have ;I com- 
mon effect on both I’-C bonds. so that the diffcrenc: 
between the Pt-(‘(CF,) and P--C(CH ,f bond tcngths 
might be expected LO he even smatter than the diffcr- 
ence truns to olcfin between those in 8a and 8b. ‘t’he 
two Pt-C distances in la arc the same within cxpcri- 
mental error. and close to those IUIK~ 10 otcfin in 8a 
and 8b. 
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