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The complex cis- [Pt(CO),CI,], in chloroform solution at room temperature, reacts with 
methyl 2- butynoate in the presence of water and carbon monoxide to give 
[CI(CO)Pt{CMe=C(CbOMe)C(=O)}$t(CO)CI] (1 ). Complex (1) is easily transformed into the 
related triphenylphosphine derivative [ CI (CO) Pt{CMe=C( C 60 Me) C(=O)}Pkl( PPh,)] (2). A 
multinuclear ('H, Ig5Pt, and 
Ig5Pt n.m.r. spectrum gave unambiguously the value ,J( Pt-Pt) = 81 8 Hz. The crystal structure has 
been solved by Patterson and Fourier methods from counter data and refined by blocked full-matrix 
least squares to a final conventional R of 0.031 7 for 3 795 independent observed reflections. 
Crystals of complex (2) are triclinic, space group PT, with unit-cell dimensions a = 13.921 (4), 
b = 10.386(3), c = 10.006(3) A, cc = 107.56(7), p = 103.02(6), y = 94.36(6)", and Z = 2. The 
crystal contains discrete molecules of (2) with square-planar arrangements around the Pt atoms 
showing large angular distortions due to the two five-membered rings. The two fused 
metallacycles and the two co-ordination planes are essentially coplanar, giving a flat molecule. No 
interaction between the two metal centres is present [ Pt( 1 ) Pt(2) 4.721 (1 ) A]. The bond 
distances between the metal atoms and the organic fragment are significantly different: the 
Pt-C(sp2) lengths are 1.944(7) and 1.996(9) A, with a trans chlorine atom in both cases, while 
the Pt-0 distances are 2.1 18(5) and 2.01 7(5) 8, trans to the phosphine ligand and to the 
terminally bonded carbon monoxide, respectively. 

n.m.r. study of complex (2) is reported. The analysis of the 

Reactions of [Pt(CO),Cl,] with acetylenes have been 
extensively studied and various types of products obtained, 
depending on the type of substituents on the alkyne triple 

In particular, we have observed that acetylenes 
bearing alkoxycarbonyl groups give derivatives containing 
a five-membered ring through co-ordination of the oxygen of 
the carboxylate carbonyl group to p l a t i n ~ m . ~ . ~ * *  With 
dialkoxycarbonylacetylenes (RO,CC=CCO,R, R = Me or 
Et)4*5 the o-alkenyl derivative [P;(C(CO,R)=C(Cl)(COOR)}- 
(CO)Cl] (I) is f ~ r m e d , ~  whereas an ionic complex, 
[Pt(kC(COOEt)=C(Ph)C(CO2Et)=C(Ph)O}(CO)Cl][Pt(CO)- 
CI,] (11),8 is produced with ethyl phenylpropiolate through 
dimerization of the acetylene and concomitant insertion of 
carbon monoxide. For the o-alkenyl derivative and for the 
cyclocarbene complex it was impossible to grow a single 
crystal suitable for X-ray study and the structural formulation 
was therefore based on n.m.r. and i.r. spectroscopic evidence 
and on r e a ~ t i v i t y . ~ . ~ . ~  

In order to obtain a system suitable for multinuclear n.m.r. 
study and X-ray structural analysis and which contains the 
oxygen of an alkoxycarbonyl group co-ordinated to platinum 

t 1 -Carbon yl- 1,2-dichloro-p-[2'-rnethoxycarbonyl- 1 '-oxobut-2'-ene- 
1 ',3'-diyl-C3'U' '(Pt ' j,C1'02'(Pt2 j]-2-triphenylphosphinediplatinum. 
Supplementary data available: see Instructions for Authors, J. Chem. 
SOC., Dalton Trans., 1988, Issue 1, pp. xvii-xx. 
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thus giving a five-membered ring, we have studied the reaction 
of [Pt(CO),Cl,] with methyl 2-butynoate and water which 
yields a yellow compound (1). We report the synthesis and the 
chemical characterization of (1) together with the preparation 
and an X-ray structural study of the analogous triphenyl- 
phosphine derivative (2). 
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Table 1. Selected interatomic distances (A) and angles (") with estimated 
standard deviations (e.s.d.s) in parentheses for complex (2) 

Pt(1)-Cl(1) 
Pt( 1 )-P 
Pt( 1 )-c(6) 
Pt( 1)-O( 1) 
P t (2)-C1(2) 
Pt(2tC(2) 
Pt(2)-C( 7) 
Pt( 2)-O( 3) 
P-c(8) 
P-C( 14) 
P-C(20) 

C(6)-Pt( 1)-O( 1) 
P-Pt( 1)-O( 1) 
P-Pt(l)-C(6) 
Cl(1 j P t (  1)-O( 1) 
C1( 1)-Pt( 1)-C(6) 
C1( 1 j P t (  1)-P 
C(7)-Pt(2)-0( 3) 
C W P t ( 2 t 0 ( 3 )  
C(2)-Pt( 2)-c( 7) 
C1(2)-Pt(2)-0(3) 
C1(2)-P t(2)-C( 7) 
C1(2)-Pt(2)4(2) 
Pt( l)-P-C(20) 
Pt( 1)-P-C( 14) 
Pt ( 1 )-P-C(8) 
Pt(2)-C(2)-C( 1) 
C(1)-C(2tC(3) 
* Average. 

2.329(3) 
2.2 17(2) 
1.944(7) 
2.118(5) 
2.33 8(3) 
1.996(9) 
1.804(9) 
2.01 7(5) 
1.825(9) 
1.8 16(8) 
1.8 10( 7) 

8 1.5(3) 
173.9(2) 
94.1(3) 
87.8(2) 

169.3(3) 
96.6( 1) 

178.5(4) 
8 1.7(3) 

90.3(2) 
90.5(4) 

171.8(3) 
114.5(3) 
115.8(3) 
109.4(3) 
123.5(7) 
125.0(8) 

9745) 

1.501(11) 
1.351(11) 
1.448( 13) 
1.479(10) 
1.256(9) 
1.3 1 O(9) 
1.473( 13) 
1.260(11) 
1.1 57( 1 2) 
1.383 _+ 0.018 

11 1.5(7) 
116.3(8) 
131.0(8) 
112.6(7) 
1 20.3( 8) 
119.7(8) 
120.0(8) 
113.5(6) 
1 15.6(7) 
130.8(6) 
176.6(10) 
112.6(6) 
116.6(7) 
114.7(6) 
105 k 3 
120 _+ 2 
120 * 1 

Results and Discussion 
A chloroform solution of [Pt(CO),Cl,] reacts with water under a 
carbon monoxide atmosphere to give the anionic platinum 
carbonyl clusters [H30]2[Pt3(C0)6]n (n 3 lo)." Using the 
same conditions but in the presence of methyl 2-butynoate a 
yellow precipitate is obtained and the elemental analysis is in 
agreement with the formula given in equation (1). The best yield 

2[Pt(CO),Cl,] + MeC=CCO,Me + H,O- 

[Cl(CO)P~{CMe=C(COOMe)C(=?))Pt(CO)Cl] + 
(1) 2HC1 + CO, (1) 

is obtained by treating the chloroform solution of [Pt(CO),Cl,] 
with quantities of water and alkyne ester greater than that 
required by equation (1) probably because there are some side 
reactions between these two reagents catalyzed by [Pt(CO),Cl,] 
or HCl. When a large excess of water is employed compound (1) 
is contaminated with [H30]2[Pt3(C0)6]n. The carbon 
monoxide atmosphere prevents the reduction of [Pt(CO),Cl,] 
to platinum metal. The evolution of carbon dioxide, indicated in 
equation (l), was clearly evident from i.r. spectroscopic 
measurements and hydrogen chloride was found in the reaction 
vessel; the HCl is partially lost from the reaction flask and 
partially reacts with [Pt(CO),CI,] to give, together with other 
by-products which are currently under investigation, the 
unstable [H,O][Pt(CO)Cl,]. The latter does not react with 
MeC=CCO,Me, and can be recovered from the mother-liquor 
by transformation into the stable [N(PPh,),][Pt(CO)Cl,]. 

Compound (1) is slightly soluble in CHCI, and CH,Cl,, in- 
soluble in hexane, and dissolves with decomposition in acetone, 
methanol, and acetonitrile. Its 'H n.m.r. spectrum in CDCl, 
consists of a pseudo-triplet at 6 2.8 [CH,, 3J('95Pt-H) = 60 
Hz] and a singlet at 6 4.3 (OCH,) with the correct integration 

0 Me 
I 

Me \ ,c\\o 
I -c = c ' 

( 6 )  

Figure 1. Perspective view (a) and line drawing (6) of complex (2) 

for the formulation suggested. Complex (1) reacts rapidly with 
the stoicheiometric amount of PPh, in tetrahydrofuran (thf) to 
give a yellow-green microcrystalline compound (2) which 
analyses as [Cl(CO)Pt{CM~(COOMe)C(=O))PtCl(PPh,)]. 
Complex (2), soluble in CHCI,, thf, and toluene, is quite stable 
in solution, and can be recrystallized from dichloromethane- 
hexane. 

Molecular Structure of Complex (2).-A perspective view 
with the numbering scheme and a line drawing of compound (2) 
are given in Figure 1 (a) and (b), respectively, while relevant 
bond lengths and angles are reported in Table 1. 

The compound consists of two fused five-membered metalla- 
cycles with no direct interaction between the two platinum 
atoms [Pt( 1) Pt(2) 4.721(1) A]. The platinum(I1) atoms have 
the expected square-planar co-ordination defined in both cases 
by a o-alkenyl carbon atom and a carbonylic oxygen, which are 
part of the two rings, and completed for Pt(1) by atom Cl(1) and 
the phosphine ligand and for Pt(2) by atom Cl(2) and by a 
terminally bonded carbon monoxide. The two metallacycles are 
planar to within f0.03 A and form a dihedral angle of 2.7(2)". 
Furthermore, the co-ordination planes of the metal atoms and 
the least-squares planes through the corresponding metalla- 
cycles are almost coincident, making dihedral angles of 3.5(2)" 
[planes Pt( WU) ,P ,O(  W ( 6 )  and Pt(1 ),W ),C(3),C(4),C(6)1 
and of 1.6(2)" [planes Pt(2),C1(2),0(3),C(2),C(7) and Pt(2), 
0(3),C(2),C(3),C(6)]. As a result, if we neglect the phenyl rings 
of the phosphine ligand, the whole molecule is essentially flat: 

http://dx.doi.org/10.1039/DT9880000017


J. CHEM. SOC. DALTON TRANS. 1988 19 

small deviations from planarity may be ascribed to the 
bulkiness of the triphenylphosphine ligand. 

Large deviations from the ideal value of 90" are found in the 
bond angles around the Pt atoms due to the strain imposed by 
the five-membered rings: for example, the angles C(6)-Pt(l )- 
0(1) and C(2)-Pt(2)-0(3) [av. 81.6(3)"] are strongly com- 
pressed. The observed value falls in the range 79.5(5)--83.3(2)" 
reported for related metallacycles.6*' '-14 These angular dis- 
tortions at the Pt atoms are also reflected in the other angles, 
most notably Cl(l)-Pt(l)-C(6) [169.3(3)"] and C1(2)-Pt(2)- 
C(2) [171.8(3)"]. 

The two Pt-C (sp2) distances are significantly different 
[Pt( 1)-C(6) 1.944(7) and Pt(2>C(2) 1.996(9) 813, although 
the trans ligand is a C1 atom in both cases; compared to the 
assumed single bond value '' of 2.02 A, these values suggest a 
bond order greater than one, at least in the former bond. These 
distances may also be compared with those of 2.035(9) A6 for 
[P~{C(CO2Me)=C(C1)CO0}(CO)Cl]-, or 1.991(6) A'' for 
[Pt{ ON(=CMe,)CH&Me)Cl(PMe,Ph)] and 1.97(2) A' for 
cis-[Pt{C(C02Et)=C(Cl)C0,Pri}(CO)C12]-, with a chlorine 
atom trans to the Pt-C 0-alkenyl bond. Moreover the 
Pt(1)-O(1) distance [2.118(5) A] is much larger than the 
Pt(2)-O(3) distance [2.017(5) A], in part due to the higher trans 
influence of the phosphine ligand compared to the terminal 
carbonyl. The former value is close to that found in similar 
metallacycles having a carbonylic oxygen: 2.131(10) A' ' in 
[P\(CH(C02 Me)C(COOMe)SHMe)(PEt,),] + and 
2.1 lO(4) 8,' in [P;(CMe[CH(CO,Me)CH(COOMe)]}- 
(PPh3)21+. 

The bond distances involving the other ligands have the 
expected values; in particular, the short separations Pt( 1)- 
P [2.217(2) A] and Pt(2)-C(7) [1.804(9) A] confirm the low 
trans influence of the oxygen atorn.l6 On the other hand, some 
interesting features are present in the organic fragment. The two 
C=O distances [1.26( 1) A] are longer than expected for non-co- 
ordinated carbonyls5*6 and the same holds for the C(2)-C(3) 
bond length.6.'4 However the C=O separation is only slightly 
larger than that of 1.24-1.25 A found for co-ordinated 
carbonyls,' ' 7 '  while the C(3)-C(4) distance [1.45(1) A] is 
shorter than C(3)-C(6) [1.48(1) A], the value expected for a 
C(sp2)-C(sp2) single bond.' These differences from literature 
values are at the limit of significance, but when taken together 
the resulting trend suggests that some conjugation is present, 
involving in particular atoms C(2),C(3),C(4), and O( 1) and 
Pt( l),C(6),0(3), and Pt(2). The spectral results, especially the i.r. 
and n.m.r. data, strongly support this conclusion (see below). 

No short intermolecular contact is present and the molecules 
are held together by van der Waals forces. 

Spectroscopic Measurements.-The i.r. and n.m.r. spectra of 
complex (2) are fully consistent with the solid-state structure. 
The i.r. spectrum clearly shows the presence of a carbonyl group 
terminally bonded to platinum (2 110 cm-'), while there are no 
bands present in the 1 750-1 600 cm-' region typical for unco- 
ordinated carboxylate carbonyl groups; '* it is, however, im- 
possible to assign the CO stretching frequency of the ester group 
co-ordinated to platinum (1 600-1 450 cm-1)"6 because of 
the presence of other bands in this region. 

The 'H n.m.r. spectrum in CDCl, consists of a pseudo-triplet 
at 6 2.58 {CH,, 3JC'95Pt(2)-H)] = 64 Hz}, a singlet at 4.2 
(OCH,), and a muhiplet at 7.5 (P-C6H5) with the intensity 
ratio (1 : 1 : 5). The 31P-{ 'H) n.m.r. spectrum in CDCl, shows a 
signal at 6 15.2 which is coupled to both platinum atoms 

The '"Pt n.m.r. spectrum is complicated because of the 
presence of different isotopomers, due to the statistical dis- 

{'JC'95Pt(l)-P] = 5 015, 4JC'95Pt(2)-P] = 52 Hz}. 

I I I I 

-3300 -3400 -3500 - 3600 
6 

Figure 2 Simulated (a) [(+) 19'Pt(l)-Pt(2), (e) Pt(l)-195Pt(2), and 
(A) l9'Pt( 1)-19'Pt(2) isotopomers] and experimental (b) 195Pt n.m.r. 
spectra of complex (2) 

tribution of platinum nuclei of spins Oand 3. The two isotopomers 
containing only one 195Pt give a first-order spectrum and the 
isotopomer containing two "'Pt nuclei gives rise to a second- 
order spectrum because of I9'Pt( 1)-'95Pt(2) coupling; this sub- 
spectrum therefore contains information about this coupling 
constant. In Figure 2 the simulated and experimental "'Pt 
n.m.r. spectra are reported. The simulated spectrum was ob- 
tained by superimposing the three sub-spectra of isotopomers 
'95Pt(l)-Pt(2), Pt(l)-"'Pt(2), and '95Pt(1)-'95Pt(2) with 
intensity ratio 2:2: 1. The simulated '95Pt(l)-'95Pt(2) sub- 
spectrum was optimized by adjusting the coupling constant 
between Pt(1) and Pt(2). The value which fits the experimental 
spectrum is 3~195Pt(l)-'95Pt(2)] 818 Hz. Several 'J-  and ,J- 
(Pt-Pt) coupling constants are available but to our knowledge 
there are no data for three-bond  coupling^.'^ The values found 
in the literature are scattered over a large range and they are not 
clearly rationalized. However a comparison of our value of 
818 Hz with other values reported indicates the high coupling 
between the two platinum atoms through the organic fragment. 
The planarity of the molecule and the electronic delocalization, 
suggested by the X-ray results, are important in rationalizing 
this high value. 

On the basis of the results obtained for the phosphine 
derivative (2) it is possible to propose the structure of 
compound (1) [see Figure 2(b), where PPh, is replaced by CO]. 
Elemental analysis and spectroscopic data are in agreement 
with this formulation. In particular we note that: ( i )  the co- 
ordination of the carbonyl groups found in complex (2) is 
already present in complex (l), as shown by the absence of 
bands around 1700 cm-' in the i.r. spectrum; (ii) there is an 
almost quantitative evolution of carbon monoxide when (1) 
reacts with PPh,; (iii) the coupling constant of the methyl group 
with Pt(2) in the 'H n.m.r. spectrum is similar for compounds (1) 
and (2) suggesting that the organic fragment is the same in both 
compounds; (iu) the presence of platinum-hlorine bonds in (1) 
is confirmed by the i.r. spectrum; and (0) there are two bands 
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\ 2' C I  [P t (CO) ,C I , I  + co  + 

M e  M e  
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[ H 3 0 1 2  [Pt,(CO),I,, OMe 
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+ ,c= 

- c = c  
=O \ 

co 
Scheme. 

centred at 2 135s cm-' which are essentially coincident in the i.r. 
spectrum of (l), suggesting that there are two carbonyl groups 
in a trans position to ligands with a similar trans influence; this is 
consistent with the same geometry around Pt(2) on going from 
(1) to (2). 

Conclusions 
The formation of complex (1) is not unexpected considering the 
related reactions of [Pt(CO),Cl,] with acetylenes ,*'v8 and the 
previous work on the reduction of platinum(I1) carbonyl 
complexes. ' O 

A reasonable mechanism for the reaction between [Pt(CO),- 
Cl,] and methyl 2-butynoate to give (1) can be proposed (see 
Scheme). The positively charged carbonyl group of [Pt(CO),- 
Cl,] attacks the acetylene, in a Markownikoff manner, to give 
the cationic species (A), which is stabilized through chelation of 
the oxygen of the alkoxycarbonyl group to the platinum; this 
intermediate species reacts further with C1- and [Pt3(Co)6],2 -, 
the reduction product in the reaction of [Pt(CO),Cl,] with CO 
and water. The co-ordination around Pt(2) is completed by 
formation of a second five-membered ring through the co- 
ordination of oxygen to Pt(1). We have reduced [Pt(CO),Cl,] 
to the dark precipitate [Pt3(Co)6],' - and successively treat- 
ed this in a CHC1, solution with [Pt(CO),Cl,] and MeC= 
CC0,Me. As expected, the yellow product (1) was obtained in 
quantitative yield. 

Experimental 
Microanalyses and molecular weights were determined by 
Laboratorio Analisi Universita' di Milano and by Pascher 
Mikroanalytisches Laboratorium Bonn. Proton n.m.r. spectra 
were recorded on a Bruker WP 80 or on a Varian XL-200 
spectrometer and are reported as downfield from the internal 
standard SiMe,. The ,'P n.m.r. spectra were recorded on a 
Bruker WP 80 spectrometer operating at 32.4 MHz and are 
reported downfield of the external standard (85% H,PO, in 
D,O), '"Pt n.m.r. spectra on a Bruker WP 80 spectrometer 
operating at 17.2 MHz (external standard Na,PtCl,; pulse 
angle 60", delay 0.5 s). For the ,'P and '"Pt n.m.r. spectra the 
acquisition time was 0.4 and 0.5 s, respectively. Spectral 
simulations were performed using the program PANIC 81 
provided by the instrument manufacturer. Infrared spectra were 
recorded on a Perkin-Elmer 78 1 grating spectrophotometer 

H,O 

t t 
+ CO, + HCI 

Table 2. Crystal data and intensity collection parameters for complex (2) 

Formula: 
M 
Crystal system 
Space group 
a/A 
b /A  
CIA 
a/" 
PI" 
YI" 
UlA3 
Z 
F(ow 
DJg ~ m - ~  
Mo-K, radiation (graphite monochromated, 

8 range/" 
Scan type 
Scan speed/" s-' 
Scan width/" 
Total background time/s 
Receiving aperture /" 

h = 0.710 69 A) p/cm-' 

horizontal 
vertical 

No. of data collected 
No. of obs. data [I,,,, > 3 CJ (43 
R" 
R b  
Goodness of fit, S 

c2 5 H2 1 C12O4PPt2 
877.50 

Triclinic 
PT 

13.921(4) 
10.386(3) 
lO.O06( 3) 

107.56(7) 
103.02(6) 
94.36(6) 

1327.6 
2 

816 
2.195 

109.3 
2.5 < 8 < 25.0 

0.04 
1 .o 

8-28 

16 

1 .o 
1 .o 

4679 (+h,  +k, +l) 
3 795 

0.03 17 
0.0322 
1.83 

R = ZllFol - ~Fc~~/Z~Fo~. * R' = [Cw(lF,I - IFcl)2/Z~lFo12]f. ' S = 
[Cw(lF,I - IFc1)2/(n - rn)]f, where n is the number of observations and 
m the number of parameters. 

calibrated with polystyrene film, or on a Nicolet MX-1 FT-IR 
Fourier-transform interferometer using Nujol mulls and NaCl 
or CsI plates. 

All the reactions were conducted under carbon monoxide or 
nitrogen atmospheres using the Schlenk-tube technique and 
with anhydrous solvents. Chloroform containing 1% of EtOH 
was used without further purification, but degassed and kept 
under a nitrogen atmosphere. Solvents were purified and dried 
by standard methods. The complex cis-[Pt(CO),Cl,] was 
prepared as described previously.' 
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Table 3. Positional parameters with e.s.d.s in parentheses for complex (2) 

Xla 
0.257 44(2) 
0.004 13(2) 
0.372 7(2) 
0.046 4(2) 
0.354 3(1) 

-0.108 O(7) 
-0.016 2(6) 

0.061 9(5) 
0.081 O(6) 
0.043 7(7) 
0.145 7(5) 

0.361 5(5) 
0.391 O(6) 
0.396 4(7) 
0.370 3(8) 
0.340 9(7) 

-0.109 8(7) 

Ylb 
0.069 50( 3) 
0.145 64(4) 
0.009 9(2) 
0.353 9(3) 
0.251 2(2) 

-0.128 3(10) 
-0.022 l(8) 
-0.026 2(8) 
-0.127 9(8) 
-0.339 7(9) 

0.088 2(7) 
0.109 O( 10) 
0.235 O(7) 
0.118 8(9) 
0.099 6(10) 
0.198 4(11) 
0.3 10 9( 1 1) 

Z l c  
0.045 57(3) 

0.216 l(3) 

0.050 l(2) 

-0.311 64(4) 

-0.345 2(3) 

-0.325 6(11) 
-0.257 l(9) 
- 0.150 9(9) 
- 0.080 2(9) 
- 0.044 9( 10) 
-0.100 l(8) 
- 0.454 2( 1 1) 
-0.133 9(8) 

-0.355 5(11) 
-0.416 3(13) 
-0.340 5(12) 

-0.21 1 O(10) 

Xla 
0.335 2(7) 
0.315 9(5) 
0.229 9(6) 
0.204 6(7) 
0.263 3(7) 
0.348 9(7) 
0.375 8(6) 
0.48 1 4(5) 
0.497 6(6) 
0.593 O(7) 
0.671 7(8) 
0.656 5(8) 
0.561 6(6) 
0.160 6(4) 
0.01 5 8(4) 
0.132 4(4) 

-0.180 l(6) 

Ylb 
0.333 2(9) 
0.415 l(7) 
0.422 9(8) 
0.550 8(9) 
0.667 6(10) 
0.659 9(9) 
0.533 2(8) 
0.275 7(7) 
0.325 2(8) 
0.348 3(10) 
0.319 2(11) 
0.269 5(10) 
0.248 7(9) 

-0.109 7(5) 
-0.238 5(6) 

0.181 9(5) 
0.087 O(8) 

ZIC 
-0.196 2(10) 

0.125 5(8) 
0.175 2(9) 
0.234 4(10) 
0.245 6(11) 

0.141 2(9) 
0.159 O ( 8 )  
0.309 l(9) 
0.400 6(12) 
0.339 5(12) 
0.191 8(12) 
0.099 4( 10) 
0.016 7(6) 

0.200 O( 10) 

-0.117 O(7) 
-0.155 O(6) 
- 0.5 50 O(9) 

Synrheses.-[ C1( CO) Pf { CMe=C( COO Me)C(=O) } Pt (C0)- 
Cl] (1). A solution of [Pt(CO),Cl,] (2.27 g, 7.05 mmol) in 
CHCl, (100 cm3), under a stream of carbon monoxide, was 
treated with water (0.2 cm3, 11.1 mmol) and the solution stirred 
for 10 min to give a dark precipitate of [H30]z[Pt3(C0)6]n. 
Methyl 2-butynoate (0.75 cm3, 7.6 mmol) was added and the 
suspension stirred, resulting in the disappearance of [H30Iz- 
[Pt3(C0)6]n and the formation of a yellow precipitate (about 6 
h). The reaction was monitored by i.r. spectroscopy, by checking 
the disappearance of [Pt(CO),Cl,] (2 140s and 2 180s cm-'). 
The yellow solid was filtered off, washed with CHCl, (3 x 20 
cm3) and hexane (3 x 10 cm3), and dried; yield 1.16 g (51%) 
(Found: C, 14.4; H, 0.9; C1, 11.1; 0, 12.0; Pt, 60.1. Calc. for 
C,H,C1205Ptz: C, 14.9; H, 0.9; C1, 11.0; 0, 12.4; Pt, 60.6%). 1.r. 
(Nujol mull): 2 135 [v(CO) terminal]; 322 cm-' [v(Pt-C1) 
terminal]. 'H N.m.r.: 6 4.32(s) (OCH,) and 2.82 (CH,, 

The mother-liquor was treated with [N(PPh,),]Cl (1 g) then 
concentrated to dryness; the residue when treated with 2- 
propanol yielded the pale yellow solid [N(PPh,),][Pt(CO)Cl,] 
(40% based on [Pt(CO),Cl,]}. 

,JCPt(2)-H] = 60.4 Hz). 

[Cl(CO)P~~CMe=C(COOMe)C(=O)}PtCl(PPh,)] (2).To a 

suspension of complex (1) (0.445 g, 0.69 mmol) in anhydrous thf 
(30 cm3) under a nitrogen atmosphere was added a solution of 
PPh, (0.165 g, 0.69 mmol) in thf (5 cm3). An immediate 
evolution of CO was noted and a clear yellow solution was 
obtained. By concentration to a small volume, a pale yellow 
precipitate was formed; after cooling the yellow solid was 
filtered off, washed with cold thf (2 x 2 cm3), and dried. Yield of 
complex (2) 0.64 g (90%) (Found: C, 34.3; H, 2.8; C1, 8.2; P, 3.5; 
Pt, 44.2. Calc. for C,,H2,ClZO,PPtz: C, 34.2; H, 2.4; Cl, 8.1; P, 
3.5; Pt, 44.404). An almost quantitative amount of carbon 
monoxide was collected over mercury C15.8 cm3 at 22 "C and 1 
atm (101 325 Pa), 95x1. 

N.m.r.: 'H, 6 2.58 (CH,, ,JCPt(2>-H] = 63.8}, 4.2 (s, OCH,), 
and 7--8 (m, C,H,); ,lP, 6 15.2 {'JC'95Pt(l)-P] = 5015, 

19,Pt) = 5 0151 and 6 [Pt(2)] -3  566 (d, 4JC31P-'95Pt(l)] = 
52, 3~'95Pt(l)- '95Pt(2)] = 818 Hz}. Molecular weight: found 
860 (vapour pressure; 3.7537 mg in 0.7738 g CHCI,); calc. 877.5. 

4JCPt(2)-P] = 52); 195Pt, 6 [Pt(l)] -3456 [d, 'J(,lP- 

Crystallo~raphy.-Pale yellow crystals of complex (2) suit- 
able for X-ray diffraction and having a prismatic habit were 
obtained by slow diffusion of hexane into dichloromethane 

solutions. A single crystal of approximate dimensions 0.2 x 
0.1 x 0.05 mm was mounted on a glass fibre on a Philips PW 
1100 automated diffractometer and used for the analysis at 
room temperature. Cell constants were obtained by a least- 
squares fit of 22 accurately centred reflections having 28 < 
20 d 36". Three standard reflections (4 -4 2, -4 4 - 2, - 3 7 
- 5) were monitored every 2 h to test the stability of the crystal 
and the experimental set-up: no significant variation was 
detected. Cell constants and data collection conditions are 
reported in Table 2. Data were corrected for Lorentz and 
polarization factors and for absorption using azimuthal w scans 
of reflections -4 3 -1, -7 6 -2, and -8 6 -2. 

The structure was solved by Patterson and Fourier methods 
and refined by blocked full matrix with anisotropic thermal 
parameters for Pt, C1, and P atoms. The contribution of the H 
atoms in calculated positions (C-H 1.08 A) was taken into 
account in the last stages of the refinement and their isotropic 
thermal parameters were refined in two groups: hydrogens in 
the organic moiety and hydrogens in the phosphine ligand, with 
final values B = 9.8(8) and 7.4(6) A', respectively. Upon 
convergence (largest shift Ajo  = 0.14) the final Fourier 
difference map did not show any significant feature [the largest 
peak, ca. 0.8 e was located about midway between Pt(2) 
and C1(2)]. The function minimized was Cw(lF,,I - lFcl)z with 
weights w = k/[oz(Fo) + glFo12] (k  = 2.0504, g = 0.000 229). 

Atomic scattering factors, corrected for the real and the 
imaginary part of atomic dispersion, were taken from ref. 20. 
Solution and refinement of the structure was carried out with 
the SHELX package of programs" and geometrical calcu- 
lations with the program PARST.Z2 Final atomic co-ordinates 
for non-H atoms are reported in Table 3. 
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