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summary 

Five complexes of type cis-[PtC1,(PR3)Q] (PR3 = PMe3, Ph’le,Ph, PEt,; Q = 

CH2=CHOCOCHB or CH,=CHCH,OCOCH,) have been prepared_ The crystal 
structure of cis-[PtC1,(Phle,Ph)(CH2=CHOCOCH3)] is described_ Crystals of 
cis-[PtClz(PMe,Ph)?CHz=CHOCOCH~)] are triclinic, with a 8.441(4), b 

13.660(5), c 7.697(3) A, QI 101.61(3)“, fl111.85(3)“, y 95.22(3)“, Pi_, 2 = 2. 
The structure was determined from 2011 reflections with I > 30(I) and refined 
to R = 0.037. The CH,COO grouping is syn to the cis-PMe,Ph ligand, with bond 
lengths of Pt-CI (trans.to P) 2_367(3), Pt-Cl (truns to olefin) 2.314(3), Pt-P 
2.264(2), and Pt-C of 2.147(12) and 2.168(11) A. The complexes cis-[PtCl,- 
(PR,)Q] were studied by variable temperature ‘H and 31P NMR spectroscopy. 
Spectra of the vinyl acetate complexes were temperature dependent as a result 
of rotation about the platinum-olefin bond. The rotation was “frozen out” at 
ca. 240 K; for cis-[PtClz(PMe2Ph)(CHz=CHOCOCH3)] AG* (rotationj 15-O + 
0.2 kcal mol-‘. NMR parameters for the rotamers are reported_ NMR studies of 
the interaction between chloro-bridged complexes of type [Pt,Cl,(PR,),] 
(PR3 = P-n-Prs or PMe,Ph) and vinyl acetate shows that even at low tempera- 
tures (213 K) equilibrium favours the bridged complex and the proportion of 
trans-[PtC1,(PR3)(CH,=CHOCOCHOCOCH3)] is very small e.g. 2%. The ally1 acetate 
complexes c~s-[P~C~~(PR~)(CH~=CHCH~OCOCH~)] showed only one rotamer 
over the range 333-213 K. Reversible dissociation of cis-[PtCl,(PMe,Ph)- 
(CH,=CHCH,OCOCH,)] to [PtzC1,(PMe2Ph)J + ally1 acetate was studied at 
ambient temperature. At low temperatures e.g. 213-190 K addition of ally1 
acetate to a CDCI, solution of [Pt,Cl,(P-n-Pr,),] reversibly gave some olefin 
complex trans-[PtCl,(P-n-Pr3CHCHzOCOCH3)] and some O-bonded 
complex trans-[PtCl,(P-n-Pr3)(CH,=CHCH,0COCOCH~)]. 

* Dedicated to Joseph Chatt on the occasion of his 65th birthday. 
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In a previous paper [l] we described a preparative and NMR study of the 
products formed by interacting allylic alcohols with halo-bridged platinum(H) 
complexes of the types [Pt2X4(PR&] (X = Cl or Br) and [N-n-BuJ,[Pt,Cl,] : 
the crystal structure of cis-[PtC12(CH,=CHCH,0H)(PMezPh)] was also 
described. We now describe a study with two other functionalized olefins viz. 
vinyl acetate and ally1 acetate, both of which are important commer&illy. 
These two olefins are potentially very useful starting materials for other reac- 
tions catalysed by transition. metal complexes such as hydro-formylation, -allyl- 
ation or -vinylation. Vinyl acetate and ally1 acetate have been hydroformylated 
using cobalt carbonyl [2], N-methylpyrrolidinerhodium/water [ 31, and tri- 
phenylphosphinerhodium [4,5] _ A mixture of products is generally formed and 
the factors affecting terminal and non-terminal addition of the HCHO i.e. the 
regioselectivity, are not understood_ 

There have also been many studies on palladium(H) catalysed vinyl ester and 
ally1 ester exchanges [6] and also on the remarkably facile allylation reaction 
catalysed by palladium(O)-triphenylphosphine complexes [ 7,8]. Relatively 
little is known about how these simple functionalized olefins interact with 
metal complexes. We have chosen first to study interaction with bridged chlo- 
roplatinum(I1) complexes of the type [Pt2C14(PR3)J, but hope later to study 
rhodium and palladium systems, relevant to catalytic systems. We ant.icipated 
that platinum(I1) would give stable olefin complexes for structure determina- 
tion by crystallography and also the presence of the platinum-195 isotope 
would greatly assist in the identification of labile species formed in solution 
using .nuclear magnetic resonance spectroscopy at variable temperature. 

We find that both vinyl acetate and ally1 acetate, over a period of several 
hours, slowly and reversibly react with bridged chloroplatinum(I1) complexes 
of type [Pt&l,(PR&] (PR3 = PMe3, PMe,Ph or PEt3) to give colourless com- 
plexes of the type cis-[PtCl,(olefin)(PRS)]_ By using a large excess of the olefin 
the reaction was driven essentially to completion. Characterising microanalyti- 
cal and IR data are given in Table 1: the NMR data are discussed later along 
with other NMR studies. Crystals of the vinyl acetate complex cis-[PtCl,- 
(PMe2Ph)(CH,=CHOCOCH3)] suitable for a structural study by X-ray diffrac- 
tion were formed from dichloromethane-vinyl acetate and the structure of this 
complex is described first. 

The molecular structure and atom numbering are shown in Fig_ 1 and bond 
lengths and angles are given in Table 2. In contrast to our results for the analo- 
gous ally1 alcohol complex [l] we find here that the group is syn to the.&- 
phosphine ligand, which has its phenyl group orientated roughly parallel to the 
vinyl acetate ligand, in which the carbon and. oxygen atoms are nearly in a 
plane_ There are intramolecular non-bonding contacts of 3.34(2) A between 
C(2) of the phenyl group and C(12) of the vinyl acetate, and of 3.32 and 
3.29(2) a, respectively, from the methyl carbon C(7) to C(9) and O(11) of the 
vinyl acetate; these values are close to the sums of Van der Waals radii. The 
Pt-Cl bond lengths differ by 0.053 A because of the differing trans-influences 
of phosphine and olefm; in the ally1 alcohol comples we found a smaller clif- 
ference of 0.027 ,& [l] . 

NMR stztdies. The ‘H and 31P NMR spectra of the two vinyl acetate com- 
plexes cis-[PtCl,(PMe,)(CH,=CHOCOCH,)I and cis-[PtCl,(PMe,Ph)- 
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Fig-l. ORTEPdcarviogofthemolecularstructure ofcis-[PtCl~(PMe$h)<CH~=CHOCOCH$l 

atomnumbering. 
showing 

(CH,=CHOCOCH,)] were temperature-dependent as a result of rotation about 
the platinum--ol&in bond. The rotation was “frozen-out” at ca. 243 K for cis- 
[PtCl,(PMe2Ph)(CH2=CHOCOCH~)] and at a few degrees lower for the trimeth- 
ylphosphine analogue: in both cases well-resolved spectra of the two possible 
rotational isomers were obtained. Both complexes gradually dissociated in solu- 
tion to give the bridged species [Pt2C14L2] (L = PMe,Ph or PMe,) and free vinyl 
acetate_ The rate of dissociation was much greater than for the equivalent com- 

TABLE2 

SELECTEDBONDLENGTHSANDANGLESWITHe.s.d.lsINPARENTHESES 

Pt-CI(l) 
Pt-CI(2) 
Pt-P 
PeC(9) 
Pt-C<lo) 

P-C(l) 
P-C<?). 

P-C<8) 
C(9)_C<lO) 
c~10)-0(11) 
O(ll)_Ic(12) 

C(l2)--c(l3) 
C(12)-O(l4) 
C-C<phen>-I) 

2.367(3) A 
2.314(3) 
2.X4(2) 
2.147<12) 
2.168(11) 
l-814(9) 
l-855(13) 

l-798(9) 
l-362(13) 
l-377(13) 
l-366(11) 
l-476(21) 

l-221(16) 
l-381-l-442(17) 

CI(l)-Pt-CI(P) 
Cl(l)-Pt-P 
cl(l)-Pt--c<9) 
c1(1)-Pt--c(10) 
Cl(P)--Pt-P 
C1(2)-Pt<<9) 

C1(2)-Pt-c(10) 
P-Pt-C(s) 
P-Pt-C(lo) 
Pt--P-C(l) 
Pt-P-C(7) 
Pt-P-C(8) 

c(S)--c(lo)_O(ll) 
c(loj-o(11)--c(12) 

O(ll)-C(12)-C(13) 
0(11)--X(12)-O(l4) 

C(l3)-C(l2)-O(l4) 

88.7(l)o 
175.5(l) 
88.2(3) 
86.7<3) 
87.9(2) 

167.8(3) 
X4.6(3) 
94.5(3) 
97.6(3) 

113.8<3) 
117_4(3) 
110_1<3) 
120.2<8) 
118.2(S) 

112.3(S) 

llS.S(lO) 
128.8(S) 
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plexes with the alIy1 alcohol [l], with some dissociation being observed even 
after 1 h at 243 K; the complexes also slowly decomposed in the solid state. 
The ‘H resonances of the free ligand remained sharp at room temperature 
showing that as with the ally1 alcohol complexes, exchange between free and 
coordinated vinyl acetate is slow on the NMR time scale. 

The ratio of rotational isomers at low temperature was ca. 3/l for cis- 
[PtCl,(PMe,Ph)(CH,=CHOCOCH,)] and 5/l for the analogous trimethylphos- 
phine derivative (both in CD,Cl,). These ratios were unchanged over the tem- 
perature range 253-213 K which implies that the enthalpy difference between 
the two configurations is small. For cis-[PtC12(PMe2Ph)(CHz=CHOCOCH~)] the 
isomer ratio is solvent dependent, it being 1.4/l in CDCI,. Lewis and his 
co-workers have derived values of the free energy of activation of olefin rota- 
tion for a wide range of platinum(II)-olefin complexes from NMR coalescence 
temperatures using an approximate equation [ 9,10]_ The 31Pj1H) NMR spectra 
(Table 3) of the vinyl acetate complexes are particularly suitable for this treat- 
ment since the coalescing peaks are singlets and their chemical-shift separation 
greatly exceeds the linewidth [ll]. We have determined the coalescence tempe- 
rature, T,, of the two central peaks in the 31P{1H} spectrum of cis-[PtC& 
(PMe2Ph)(CH,=CHOCOCH3)] in CDCL, as 288 -+ 2 K. The chemical-shift sepa- 
ration of these peaks is 58.6 i: 0.6 Hz at 243 K yielding a value for AG’(T,) of 
15.0 a 0.2 kcal mol-‘. This may be compared with the values of 13.5 and 12.3 
kcal mol-’ reported for cis-[PtCl,(PMe,Ph)L] (L = CH,=CHCH, and C&H, 
respectively). [lo]. 

At low temperature, the ‘H NMR spectra of the vinyl acetate complexes 
showed separate P-methyl resonances for each rotamer. In the case of cis- 
[E’tCl,(PMe,Ph)(CH,=CHOCOCH3)1 each rotarner gave rise to two distinct reso- 
nances since the P-methyl groups are diastereotopic. Without 3 ‘P decoupling 
these resonances appeared as doublets [*J(PH)] flanked by lg5Pt satellites_ The 
vinylic protons appeared as two weakly-coupled AJ3X-patterns with further 
coupling to 31P and “‘Pt. With the aid of 31P-decoupled spectra we were able to 
obtain most of the NMR parameters and the results are presented in Table 4. 
The parameters of the PMe,Ph derivative were not markedly different in CDCl, 
solution..The ‘H chemical shifts of the olefinic protons are clearly very sensi- 
tive to the orientation of the ligand, the reversal of the order of 6(H(2)) and 
6(H(3)) being particularly notable. Unusually, the geminal coupling between 

TABLE 3 

PHOSPHORUS-31 NMR PARAMETERS FOR THE cis-COMPLEXES 

Complex Major isomer Minor isomer 

6(P)Q lJ(PtP) (Hz) 6(P) *J(PtP) (Hz) 

[PtC12(PMe,)(CH2=CHOCOCH3)1 b -12.0 3834 f 1 -13.8 3031 = 1 
[PtCl,(PMe,Ph)(CH,=CHOCOCH3)1 b -6.1 3383 * 1 -7.0 3043 -+ 1 
[PtC12(Ph~e~)<CH~=CHCH~OCOCH~)l c -16.2 3029 + 2 
[PtC12(PMe,Ph)(CH~=CHCH~OCOCH~)l = -8-l 3055 2 2 
[PtCl~(PEt3)(CH~=CHCH~OCOCH~)l= 14.9 3009 Ic 1 

a In ppm to high frequency of H3P04. b In CDzC12 or CH2CI~/CD2CI~. ’ In CDC13. 
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TABLE 4 

HYDROGEN-l NMR PARAMETERS OF cis-[PtC12L(CH2=CHOCOCH3)1 (L = PMe3 or PMeZPh) = 

H2k--__./H’ 

/-xCOCli 3 

L = PMe3 b 

_____ 

L = PMeZPh = 

major isomer minor isomer major isomer minor isomer 
--- - 

6 <CH3) 2-24 d 2.16 1.43 2.16 
6(Ht) 7.56 6.70 7.69 6.12 
6 (Hz) 4.09 3.67 4.25 3.15 
6 tH3) 3-79 4.48 3.91 4.39 
3J<HrH2) 4.9 4.4 4.9 4.5 
3JU-iIH3) 10.9 11.0 10.9 11.0 
2.WH2H~> 2.1 2.2 2.0 1.9 
J<PtH 1) 76.8 64 78 62.8 
J(PtHz) 74.9 e 73.8 68.4 
J(PtHs) 48.0 e 48.3 49 

J<PHI) (0.2 e (0.2 4.3 
J(PHZ) 0.7 e 0.7 2.2 
J(PH3) 5.6 e 5.3 <1 

a Coupling constants kO.1 Hz; phosphine resonances have been omitted_ ’ At 238 K in CD2C12. ’ At 243 
K in CD.#z. d J(PtH) ca. 2 Hz_ This was the only methyl resonance to show coupling to lg5Pt. e Coupl- 
ing not identified in spectrum. 

them exceeds that in vinyl acetate itself (1.6 Hz at 243 K). In a large number 
of related complexes, the geminal coupling constant was found to be vanish- 
ingly small [ 1,10,12] _ For cis-[PtCl,(PMe,)(CH,=CHOCOCH,)I the ‘H chemi- 
cal shift of the methyl(acetate) group is similar in both isomers to the value of 
2.18 ppm observed for free vinyl acetate at the same temperature. This is also 
true of the less abundant rotamer in the PMe2Ph analogue, but for the preferred 
rotamer the shift is markedly lower, 1.43 ppm (Table 4). If this greater shield- 
ing is caused by the magnetic anisotropy of the phenyl group then it wouId 
imply that the acetate is syn to the phosphine, i-e_ similar to the configuration 
found in the crystal. 

Proton h?MR data for complexes of the type tmns-IPtCl,(Q)(4-methylpyr- 
idine oxide)] (Q = vinyl butyrate or vinyl benzoate) have been reported by 
Kaplan and Orchin [ 13]_ They found that the geminal coupling constant 
J(H(2)H(3)) was small (ca. 1 Hz) and that J(PtH(1)) > J(PtH(2)) or J(PtH(3)). 
The complex [PtCI(acac)(CH2=CHOCOCH3)] has been described, although ‘H 
NMR data for the vinyl acetate ligand were not reported 1143 _ 

In our earlier paper [ 11, we showed by 31P NMR spectroscopy that chloro- 
bridged complexes of the type [Pt2CI,(PR3),] interact with allylic alcohols at 
low temperatures to give trans-[PtCl,(PR,)QJ (Q = olefin), which is in equilib- 
rium with the bridged complex_ In a similar manner we have studied the mter- 
action of vinyl acetate with [Pt2C14(P-n-P&] in CDCI, and with [P&Cl,- 
(PMe,Ph),] in C.H,Cl,/CD,CI,. In both cases the equilibrium lies much more in 
favour of the bridged complex than was the case with ally1 alcohol. At 213 K 
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with ca. 1.0 M vinyl acetate and ca. 0.1 M bridged complex the proportion of 
trans-complex was only ca. 2% in each case; no other species were detected.. 
The 31P NMR parameters at 213 K were 6(P) 6.0 ppm and ‘J(PtP) 3428 Hz for 
trans-[PtCl,(P-n-Pr,)(CH,=CHOCOCH,)I and 3(P) -9.4 ppm and ‘J(PtP) 3544 
Hz for the analogous dimethylphenylphosphine complex. On raising the tempe- 
rature the proportion of the trans-complex decreased and the lines gradually 
broadened due to exchange with [Pt,Cl,(PR,),]. cis-[PtCl,(PMe,Ph)- 
(CH,=CHOCOCH,)] slowly formed at 296 K. 

The ally1 acetate_complexes cis-[PtC1,L(CH2=CHCH20COCOCH3)] (L = PMe,, 
PMe,Ph or PEt3) showed only one species in their 31P { ‘H} NMR spectra over 
the range 333-213 K (31P NMR parameters in Table 3). The rate of dissocia- 
tion in solution was intermediate between the equivalent vinyl acetate and ally1 
alcohol complexes. For the PEt3 and PMes derivatives the decomposition pro- 
ceeded to completion and in the latter case was accompanied by the precipita- 
tion of [Pt&14(PMe,),] from the solution_ In contrast, the PMe,Ph system 
eventually reached an equilibrium in which the ratio of cis-[PtCl,(PMe,Ph)- 
(CH,=CHCH,OCOCH,)] to [Pt,Cl,(PMe,Ph),] was ca. l/4. The position of 
equilibrium could be shifted in favour of the former by adding ally1 acetate to 
the solution. Addition of a large excess (fifteen fold or greater) of ally1 acetate 
caused the peaks of the two species to broaden and coalesce especially on rais- 
ing the temperature to 333 K, owing to exchange. 

The ‘H NMR spectra of all the ally1 acetate derivatives were very complex as 
the result of a near-superimposition of several of the chemical shifts and con- 
sequently were not easily analysed. The ‘H chemical shift of the acetate group 
was 2.12, 2.05, and 2.10 ppm for the complexes with PMe,, PMe,Ph and PEt3, 
respectively, compared to 2-09 ppm in the free ligand. By analogy with the ‘H 
methyl shifts in the vinyl acetate complexes these values could be taken as sug- 
gesting that the CH20COCH3 moiety is anti to the phosphine (as is the CH,OH 
group in solid cis-[PfXl,(PMe,Ph)(CHz=CHCHzOH)]) [I J but such a dompari- 
son may not be justified_ 

On adding allyi acetate (1 mol per platinum atom) to a ca. 0.1 M solution of 
[Pt,Cl,(P-n-Pr,),] in CDC13 at 213 K, ca. 5% of the bridged complex was con- 
verted to trans-[PtCl*(P-n-Pr3)(CHz=CHCHzOCOCH3)] (g(P) 6.8 ppm, ‘J(PtP) 
33’75 Hz). Some trans-[PtCl,(P-n-Pr,)(CH,=CHCH,OH)I was also detected 
owing to a trace (ca. 0.4%) of ally1 alcohol in the ally1 acetate, on the basis of 
ability to rupture [Pt&l,(P-n-Pr,),] the complexing ability of ally1 alcohol is 
about 100 times that of ally1 acetate. On adding a tenfold excess of ally1 ace- 
tate to the solution, a small amount of an additional species became visible in 
the 31P{1H} spectrum and on cooling to.190 K with CH,Cl,/CD,CI, as-solvent. 
the amount had increased sufficiently for its lg5Pt satellites to be detected. The 
NMR parameters (6(P) -4.5 ppm and ‘J(PtP), 3941 Hz) under these conditions 
are not far removed from those of a similar species observed in the reaction of 
ally1 alcohol or methanol with [PtzC14(P-n-Pr3),] which was surmised to be the 
O-bonded form, trans-[PtCl,(P-n-Pr,)(CH2=CHCHCHzOH)] [I] _ Consequently we 
suggest that the additional species described above is tralzs-[PtCls(P-n-Pr3)- 
(CH2=CHCH20C&H3)]. The amount of the latter species relative to the 
n-bonded form was also similar to that observed in the ally1 alcohol reaction. 
We have found that methyl acetate reacts with [Pt&l,(P-n-Pr,),] at 233 K to 
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give a species with 6(P) -5.0 ppm, ‘J(PtP) 3992 Hz, which we suggest is an 
O-bonded tlnns-complex &ens-[I’tCl,(P-n-Pr,)(CH&OOCH3)] [ 151. 

Experimental 

The ‘H, lH131.P} and 31P{111) NMR spectra were recorded with a JEOL 
FXlOOQ spectrometer using an internal deuterium lock. Except where other- 
wise stated, measurements were made at ambient temperature (ca. 296 K). 
Concentrations. were ca. 0.1 mol dmm3 for the complexes with ally1 acetate and 
saturated for those with vinyl acetate_ It was important to examine the vinyl 
acetate complexes as soon as possible after dissolution to avoid decomposition. 

Meltig points were determined on a Kofler hot-stage apparatus and are cor- 
rected_ Analytical, decomposition points and IR data are in Table 1. 

cis-Dichloro(dim~thylphenylphosphine)(vinyl acetate)platinum(II)_ 
iu-Dichloro-dichlorobis(dimethylphenylphosphine)diplatinum(TI) (0.310 g) 

was dissolved in a mixture of dichloromethane (5 cm3) and vinyl acetate 
(4 cm3) with warming. This solution was left for 16 h at ca. 0” C to give the 
required product (0.321 g, 86%) as white prisms. It could be recrystallized 
from dichloromethane/diethyl ether containing a small amount of vinyl acetate 
to suppress dissociation. 

cis-Dichloro(trimethylphosphine)(vinyl acetate)platinum(II) (77%) was 
prepared similarly. 

cti-(Ally1 acetate)dichloro(dimethylphenylphosphine)platinum(II). p-Dichlo- 
rodichloribis(dimethylphenylphosphine)diplatinum(II) (0.182 g) was dissolved 
in a mixture of dichloromethane (4 cm’) and ally1 acetate (1 cm3) with warm- 
ing_ The solution was left for 15 h to give the required product as white prisms 
(0.176 g, 7S%), which could be recrystallized from dichloromethane/diethyl 
ether. 

cis-(Ally1 acetate)dichloro(trimethylphosphine)platinum(II) (71%) and cis- 
(ally1 acetate)dichloro(triethylphosphine)platinum(II) (74%) were prepared 
similarly_ 

Crystal data. cis-[PtC12(PMe2Ph)(CH~=CHOCOCH3)], C12H,&1202PPt, mol. 
wt. 490.2, triclinic, space group Pi, a 8.441(4), b 13.660(5), c 7.697(3) a, 
CY 101.61(3)“, fl 111.85(3)“, y 95.22(3)“, V 793.4(5) A3, 2 = 2, D, 2.052 g 
cme3, ,@Vlo-K,) 93-66 cm-‘. 

Structure determination. Measurements were made on a SYNTEX P21 dif- 
fractometer using graphite monochromatized MO-& radiation (A 0.71069 a). 
Cell dimensions and their standard deviations were determined by least-squares 
treatment of the setting angles for 15 reflections with 35” .< 28 < 40” _ The 
intensities of the 2090 independent reflections in the range 4” < 28 < 45’ were 
measured by w-20 scans, with scans running from 0.8” below K,, to 0.8” 
above Kaz and with scan speeds from 0.49” min -I for’the weaker reflections to 
29.30” min- * for the most intense reflections. The structure analysis used the 
2011 reflections having I > 30(I), and these were corrected for Lorentz, polari- 
zation and transmission factors (A* = 2.35-4.51), and for the ca. 30% decline 
of intensity shown by a control reflection during the course of data collection. 
Solution of the structure from Patterson and electron density syntheses was 
followed by least-squares refinement, initially full-matrix, but in the final stage 
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TABLE5 

ATOMIC COORDINATES ANDe.s.d.'s 

X Y Z 

Pt O-01267(4) 0.16182<2) 0.05469(4) 
Cl(l) O-3023(3) O-1473(2) O-2329(4) 
Cl(2) O-1036(3) 0.2183<2) -0.1627<4) 
P -0.2614<3) O-1706(2) -0.1371(3) 
C<l) -0.3009<11) O-2994(6) -O-1293(13) 
C(2) -0.1688(13) O-3850(7) 0.0024(14) 
C(3) -O-2069(15) O-4817(8) 0.0020(16) 
C(4) -O-3672(17) O-4951(8) -O-1243(19) 
C(5) -0.4965(15) 0.4118(g) -0.2531(19) 
C(6) -0.4620(13) O-3150(8) -0_2521(15) 

C(7) +x4413(13) 0.1060(8) -0.0940(15) 
C(8) -0.3088(13) O-1088(7) --O-3849(12) 

C(9) -O-0662(14) O-0782(7) O-2262(13) 

C(l0) -O-0227(13) O-1783(7) O-3243(12) 
O(11) -0.1499(9) O-2325(5) O-3346(9) 

C(12) -0.1009(17) 0.3334<7) O-4248(13) 
C(l3) +X2491(18) O-3802(9) O-4386(19) 
OU4) 0.0510(13) O-3734(6) O-4862(12) 

with anisotropic temperature factors using the 9 X 9 block-diagonal approxi- 
mation. With Pt, P, and Cl anisotropic, C and 0 isotropic R was 0,054, reduced 
to 0.039 on inclusion of the absorption corrections, and allowance for aniso- 
tropic vibrations for C and 0 gave a final R of 0.037. A difference map now 
revealed all of the hydrogen atoms, but some of them were not very well placed 
and hydrogen atoms were therefore not introduced into the structure. 

The final atomic coordinates and vibration parameters are listed in Table 5, 
and bond lengths and angles are given in Table 2; the molecular structure is 
shown in Fig. 1. 
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