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Synthesis of Three-co-ordinate Mono-, Bis-, and Tris-olefin Complexes of 
Platinum with Dimethyl or Diethyl Fumarate, Dimethyl Maleate, or 
Maleic Anhydride Ligands 
By M. Teresa Chicote, Michael Green, John L. Spencer, F. Gordon A. Stone,' and Jose Vicente, Depart- 

Bis(cyclo-octa-l,5-diene)platinum, [Pt(cod),], reacts with dimethyl or diethyl fumarate (dmf or def) or maleic 
anhydride (ma) to give the complexes [Pt(cod)(olefin)] (olefin = dmf, def, or ma). Dimethyl or diethyl maleate 
(dmm or dem) yield the fumarate complexes [Pt(cod) (olefin)] (dmf or def). In the presence of 1 mol equivalent 
of ButNC or PPh,. complexes of the type [PtL(olefin),] (L = CNBut or PPh,; olefin = dmf, def, dmm, or ma) are 
produced. With an excess of ButNC the complexes [Pt(CNBut),(olefin)] are formed. The latter species can also 
be obtained from the triplatinum complex [Pt,(CNBut),] and the respective olefin. Addition of tricyclohexyl- 
phosphine to [ Pt (CN But) (dmf),] gives [ Pt (CN But) (dmf) (P( C6H ,,),)I. The tris( olefin) complexes [ Pt( C,H,) - 
(olefin),] (olefin = dmf or dmm) and [Pt(olefin),] (olefin = dmf or def) are formed by treating [Pt(C,H4),] ,with 
the respective olefin. Tetra-alkylammonium halides react with a mixture of [Pt(cod)(dmf)] and dmf to give ionic 
complexes [NR4] [PtX(dmf),] (X = CI, Br, or I). Protonation of [Pt(cod)(dmf)] with trifluoroacetic acid gives 
selectively the platinum(ii) a-bonded complex [Pt(CH (CO,Me)CH,(CO,Me))(O,CCF,) (cod)]. 

ment of Inorganic Chemistry, The University, Bristol BS8 1TS 

THERE are many known mononuclear nicke1,l pal- 
ladium,, and platinum olefin complexes but there are as 
yet relatively few 194-7 which do not contain supporting 
ligands such as tertiary phosphines or phosphites. The 
observation * that an excess of ethylene will displace both 
cyclo-octa-1,5-diene ligands from [M(cod),] (M = Pd 
or P t ;  cod = 1,5-C,H1,) to give the complexes [M(C,H,),] 
suggested that related reactions might occur with other 
olefins, particularly those carrying electronegative sub- 
~ t i t uen t s .~  Accordingly, reactions between [Pt(cod),] or 
[Pt(C,H,),] and dimethyl or diethyl fumarate (dmf or 
def), dimethyl or diethyl maleate (dmm or dem), and 
maleic anhydride (ma) were investigated.1° It has 
recently been reported l1 that [Ni(cod),] reacts with 
dimethyl fumarate or maleate in acetonitrile to afford 

RESULTS AND DISCUSSION 

Addition of [Pt(cod),] to a diethyl ether solution of 1 
mol equivalent of dmf, def, or ma led to rapid displace- 

0 
( 3  1 (1)  R = CO,Me 

( 2 )  R = COzEt 

ment at room temperature of one of the cod ligands with 
formation of the thermally stable white crystalline com- 
plexes (1)-(3), respectively, characterised by elemental 

TABLE 1 
Platinum olefin complexes 

Analyses (%,) 
M.p. Yield r---- A 

Complex a (W"C) (%) C H 
122-124 81 37.9 (37.6) 4.7 (4.5) 
82-84 96 40.1 (40.4) 5.0 (5.1) 

(1) [Pt(cod)(dmf)l 
(2) [Pt(cod)(def)l 
(3) CPt(cod) (ma)] 142-145 92 35.7 (35.9) 3.6 (3.5) 
(4) [Pt(CNBut)(dmf),j 88 37 36.2 (36.1) 4.5 (4.5) 
(5) [Pt(CNBut)(dmm),] 104-108 66 36.1 (36.1) 4.5 (4.5) 
(6) [Pt(CNBut) (def),] 80-82 70 40.3 (40.5) 5.4 (5.3) 

143 (decomp.) 70 32.5 (32.9) 3.0 (3.0) 
110 60 51.0 (50.9) 5.1 (4.9) 
108 64 38.0 (38.0) 5.1 (5.2) 

( 8 )  [Pt(PPh3) (def) 21 

(9) [Pt (CNBut ) , (dmf)] 
10) [Pt(CNBut),(dmm)] 80 80 37.7 (38.0) 5.2 (5.2) 

12) [Pt (CNBut ) , (ma)] 140-142 80 36.3 (36.6) 4.4 (4.4) 
192 75 58.9 (59.3) 5.1 (4.8) 

70 49.1 (49.6) 7.2 (7.2) 
13) [Pt(PPha),(def)l 
14) [Pt(CNBut) (dmf) {P(C6Hll)3}] 210 

60 (decomp.) 50 33.1 (32.9) 4.1 (4.0) 
79 (decomp.) 60 32.8 (32.9) 4.0 (4.0) 

15) [Pt(C2H4) (dmf)21 

99(decomp.) 62 34.2 (34.5) 3.9 (3.9) 
42 (decomp.) 50 40.5 (40.5) 5.3 (5.1) 18) [Pt(def) 31 

19) [NEt,(CH,Ph)][PtCl(dmf),] 104-106 78 42.2 (42.2) 5.5 (5.4) 
20) [NMe,][PtBr(dmf),] 144-146 72 30.4 (30.2) 4.5 (4.4) 
21) [NEt,][PtI(dmf),] 100-102 65 32.6 (32.4) 5.2 (4.9) 

(7) [Pt(CNBut)(m421 

11) [Pt(CNBut),(def)] 84-86 70 40.2 (40.2) 5.8 (5.6) 

16) CPt(C2H4) (dmm),l 
17) [Pt(dmf),l 

0 dmf = trans-CH(CO,Me)=CH(CO,Me), def = trans-CH(CO,Et)=CH(CO,Et), 

= LH=CHC(O)OL(O). b Calculated values are given in parentheses. In  Nujol. 

1.r. (an-') 
7- - ___. > 

N V(c=O) 4NC) 
1 700vs, 1690vs 
1685vs 
1860vs, 1 730vs 

2.3 (2.5) 1710vs 2 215s 

2.3 (2.3) 1700vs 2 205vs 
2.7 (3.0) 1820s, 1770vs 2 125vs 

5.4 (5.5) 1700vs 2 195vs, 2 155vs 
5.3 (5.5) 1718vs 2 180vs, 2 150vs 
5.1 (5.2) 1700vs 2 080vs, 2 075vs 
6.0 (6.1) 1813vs, 1745vs 2 200vs, 2 170vs 

169Os, 1680vs 
2.0 (2.0) 1705vs, 1695vs 2 150vs 

1735vs, 1705vs 
1700br,vs 
1730vs, 1718vs 
1723vs 

2.0 (2.0) 1790br,vs 
2.2 (2.2) 1690br,s 
1.9 (1.9) 1700vs 

dmrn = cis-CH(CO,Me)=CH(CO,Me), and ma 

2.4 (2.5) 1700vs 2 210vs 

1705vs 

the complexes [Ni(NCMe)(olefin),] (olefin = dmf or analysis and i.r. and lH n.m.r. spectroscopy (Tables 1 
dmm) . In the i.r. spectra the position of the C=O bands and 2). 
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were not significantly different from those in the free 
ligand, indicating that the ester groups in (1) and (2) 

plexes (1) and (2), demonstrating that c is  to trans 
isomerisation of these olefins readily occurs. 

(5) [Pt (CNBut ) (dmm) .J 

(6) [Pt(CNBut)(def),] 

(10) [Pt(CNBut),(dmm)] 

(11) [Pt(CNBut),(def)] 

TABLE 2 
Hydrogen-1 and carbon-13 n.m.r. data a 

Solvent and 
temperature 'H 

A 4.85 [m, 4 H, CH. cod, J(PtH) 631, 
5.96 [s, 2 H, CH=CH, J(PtH) 821, 
6.68 (s, 6 H, Me), 8.73 (m,  8 H, CH,) 

4.92 [m, 4 H, CH, cod, J(PtH) 631, 
5.88 [s, 2 H, CH=CH, J(PtH) 801, 

8.74 (m, 8 H, CH,), 9.00 [t, 6 H, 

4.40 [m, 4 H, CH, cod, J(PtH) 381, 
6.28 [s, 2 H, CH=CH, ma, J(PtH) 761, 
7.68 (m, 8 H, CH,) 

5.36-5.56 [AB system CHXH,  J(AB) 
10, J(PtA) 52, J(PtB) 641, 6.82 
(s, 12 H, Me, dmf), 9.29 (s, 9 H, 

6.00 [s, 4 H, CH=CH, J(PtH), 601, 
6.56 (s, 12 H, Me, dmm), 8.96 (s, 
9 H, Me, CNBut) 

4.56-4.77 [AB system, CH=CH, J(AB) 
10, J(PtA) 56, J(PtB) 681, 6.00 

4 H, CH,, J(HH) 71, 8.92 [t, 6 H, 
Me, J(HH) 71, 9.05 [t, 6 H, Me, 
J(HH) 71, 9.14 (s, 9 H, Me, CNBut) 

5.16 [s, CH=CH, 4 H, J(PtH) 621, 
8.28 (s, 9 H, Me, CNBut) 

5.78 [s, 2 H, CH=CH, J(PtH) 601, 
6.52 (s, 6 H, Me, dmf), 9.12 (s, 
18 H, CNBu') 

6.44 (s, 6 H, Me, dmm), 6.48 [s, 2 H, 
CH=CH, J(PtH) 601, 9.08 (s, 18 H, 
CNBut) 

5.76 [s, 2 H, CH=CH, J(PtH) 641, 5.88 

CH,CH,, J(HH) 71, 9.1 (s, 18 H, 
CNButI 

A 

6.06 [q, 4 H, CH,CH,, J(HH) 71, 

CHZCH3, J(HH) 71 
C 

A 

Me, CNBut) 
B 

A 

[q, 4 H, CH2, J(HH) 71, 6.10 [q, 

D 

B 

B 

B 
[qt 4 H, CH2, J(HH) 71, 8.92 [t, 6 H, 

13c 

172 (C=O), 95 [CH, cod, J(PtC) 1011, 
94 [CH, cod, J(PtC) 1021, 51 (Me), 
44 (CH, dmf), 30 (CH,), 29 (CH,) 

172 ( G O ) ,  95 [CH, cod, J(PtC) 1021, 
94 [CH, cod, J(PtC) 1041, 59 (CH,, 
def), 44.5 (CH, def), 31 (CH,, cod), 
29 (CH,, cod), 15 (Me, def) 

171 (C;..O), 100 [CH, cod, J(PtC) 1041, 
97 [CH, cod, J(PtC) 1021, 42 [CH, 
ma, J(PtC) 3371, 30 (CH,) 

170 [C=O, J(PtC) 411, 52-55 (br, 
CH, dmf), 52 (Me), 30 (Me, CNBut) 

169 [ G O ,  J(PtC) 371, 53 [CH, dmm, 
J(PtC) 1881, 51 (Me, dmm), 30 (Me, 
CNBut ) 

170 ( G O ) ,  169 ( G O ) ,  60.5 (CH,), 60.3 
(CH,), 58 (NC), 55 [CH, clef, J(PtC) 
1421, 51 [CH, def, J(PtC) 1901, 29 
(Me, CNBut), 14.6 ,14.2 (Me, def) 

54 [CH, ma, J(PtC) 1681, 30 (Me) 

174 [C=O, J(PtC) 431, 57 (CMe,), 50 
(Me, dmf), 39 [CH, dmf, J(PtC) 2471, 
30 (Me, CNBut) 

173 [C=O, J(PtC) 431, 57 (CMe,), 51 
(Me, dmm), 38 [CH, dmrn, J(PtC) 
2881, 30 (Me, CNBut) 

(CMe,), 40 [CH, def, J(PtC 245), 30 
(Me, CNBut)], 15 (Me, def) 

174 [ G O ,  J(PtC) 431, 59 (CH,), 57 

(12) [Pt(CNBut),(ma)] D 6.52 [s, 2'H, CH=CH, J(PtH) 623, 173 [ G O ,  J(PtC) 431, 59 (CMe,), 36 
[CH, ma, J(PtC) 2651, 30 (Me, 
CNBut) 

8.40 (s, 18 H, CNRut) 

(14) [Pt(CNBut 1 (dmf) ~P(C@HIl~d1 C 6.40 (s, 3 H, Me, dmf), 6.50 (s, 3 H, Me, 
dmf), 6.66 and 6.86 [HA, Hg, ABX 
system with le5Pt satellites, CH=CH, 
J(AB) 9, J(AP) 10, J(BP) 2, J(PtA) 
55, J(PtB) 621, 8.20-8.73 [m, 33 H, 
P(C8Hl1),], 8.52 (s, 9 H, CNBut) 

5.12 Is, 4 H, CH=CH, dmf, J(PtH) 601, 
6.12 [(AB), system, 4 H, C,H,], 
6.72 (s, 12 H, Me, dmf) 

5.64 [s, 4 H, C,H,, J(PtH) 521, 5.80 
[s, 4 H, CH=CH, dmm, J(PtH) 661, 
6.56 (s, 12 H, Me, dmm) 
4.36 [s, 6 H, CH=CH, J(PtH) 581, 
6.68 (s, 18 H, Me, dmf) 

6.10 [q, 12 H, CH,, J(HH) 71, 9.00 
[t, 18 H, CH,, J(HH) 71 

(s, 12 H, Me, dmf), 6.74 (m, 6 H, 
CH,CH,), 8.56 (m, 9 H, CH3CH,) 

(15) [Pt(C2H4) (dmf),] B 168 [C=O, J(PtC) 431, 75 [C,H,. 
J(PtC) 801, 58 [CH, dmf, J(PtC) 
1631, 51 (Me, dmf) 

168 ( G O ) ,  80 [C,H,, J(PtC) 761, 57 
[CH, dmm, J(PtC) 2001, 52 (Me, 
dmm) 

166 [C=O, J(PtC) 411, 68 [CH, dmf, 
J(PtC) 1301, 52 (Me, dmm) 

165 ( G O ) ,  68 [s, CH, def, J(PtC) 1311, 
61 (s, CH,), 14 (s, Me) 

B (16) [Pt(CaH4) (dmm),l 

B 

B 

(17) [Pt(dmf),I 

( 1 8) [Wdef) 31 4.28 [s, 6 H, CH=CH, J(PtH) 581, 

(19) [NEt,(CH,Ph)][PtCl(dmf),] C 2.48 (s, 5 H, C8H,), 5.50 (s, 2 H, 
CeHbCH,), 5.00 (m, C H S H ) ,  6.42 

'H and chemical shifts are relative to SiMe, (T, 10.0 and 0.0 p.p.m. respectively), J values in Hz. See footnote a, Table 1. 
A = [2H8]toluene a t  -80 "C, B = [2He]benzene a t  room temperature, C = [2H]chloroform a t  room temperature, and D = 

[2H,,]acetone a t  room temperature 

are not co-ordinated. When these reactions were carried 
out with an excess of the olefins there was no evidence 
for displacement of the second cod ligand to give [Pt- 
(olefin),] complexes. Reaction of excess of dimethyl or 
diethyl maleate with [Pt(cod),J gave the fumarate com- 

In the solid, complexes (1)-(3) most likely adopt 
the configuration shown, with the carbon atoms of the 
olefin, the platinum atom, and the midpoints of the C=C 
bonds of the cod group being essentially coplanar. X -  
Ray crystallographic studies on several complexes of the 
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type [PtL,(olefin)] have shown this kind of arrangement 
to be favoured.12 

The lH n.m.r. spectra of (1) and (2) at  room temper- 
ature showed broad olefinic resonances for the dmf and 

R 

I 

H 

R L 
( 4 a )  C0,Me CNBut (4b )  
(6a) CO2Et CNBd (6b) 
(8a) C02Et PPh3 (8b) 

W H 

k 
, 
ii 

def groups; however, on cooling (-80 "C) sharp singlet 
resonances with lS5Pt satellites were observed. In 
contrast, both the lH and 13C spectra of the maleic 
anhydride complex (3) show at room temperature the 
expected lS5Pt-lH and lS5Pt-l3C coupling with the CH= 
CH group of the mono-olefin. Evidently (3) does not 
undergo dynamic behaviour, unlike (1) and (2). The 
nature of the process causing line broadening in the 
spectra of (1) and (2) at  room temperature is unclear. 
It cannot be due to simple olefin rotation because the 
lH sites remain equivalent. A dissociative mechanism 
is eliminated because of the observation in the room- 
temperature 13C spectra of two sharp olefinic resonances 
for the cod ligand. 

A palladium analogue of complex (3) has recently been 
prepared by adding cyclo-octa-l,5-diene and maleic 
anhydride to the dibenzylideneacetone complex [Pd2- 
( dba),]*CHC1,.7 

Formation of the complexes (1)-(3) from the 18- 
electron species [Pt (cod),] presumably involves capture 
of a 16-electron species, containing q4- and ?,-bonded cod 
ligands formed by a dissociative process. As mentioned 
above, the remaining cod ligand in the 16-electron 

complexes (1)-(3) is not displaced by an excess of the 
mono-olefin. However, addition of 1 mol equivalent of 
ButNC or PPh, in the presence of excess of the olefin 
affords the crystalline complexes (4)-(8). Under 
these conditions a dmm complex (5) can be isolated, 
although longer reaction times (4 d) give a mixture of 
(4) and (5). 

For each bis(o1efin) complex (4)-(8) four isomeric 
forms are possible l3 but only two are illustrated for each 
complex. These are the pairs in which the olefinic 
carbon atoms, the platinum, and the ligated C or P atoms 
of the CNBut or PPh, groups are all in the same plane. 
The alternative set of two isomers for each complex can 
be generated by rotating the olefins through 90" about 
the metal-q2-C2 axis. However, the latter situation is 
likely to be unstable with respect to the forrner,l4 X-ray 
crystallographic studies on the complexes [Ni(C,H,),- 
{P(C6Hii)3}1 l5 and LPt (C2H4) (CzF4) {p(c6Hii)3}l l6 
ing coplanar arrangements for the metal, the phosphorus, 
and the olefinic carbon atoms. 

Examination of the lH n.m.r. spectrum of the reaction 
mixture which produced complex (4) showed the presence 
of two isomers. After crystallisation and redissolving 
the solid only one isomer was detected. In contrast, 
complexes (5)-(8) form as single isomers. On the basis 
of the observations it is impossible to distinguish between 
structures (a) and (b). However, the complex [Pt(dmf),- 
(PBut,Ph)] has been shown l3 to have no plane of sym- 
metry and a structure analogous to (a) has been proposed. 
At room temperature the lH spectra of (5) and (7) 
showed sharp singlet signals for the olefinic CH reson- 
ances, implying dynamic behaviour, but since crystallis- 
ation occurred on cooling variable-temperature studies 
were precluded. Further evidence for fluxional behavi- 
our came from the spectra of (4) and (6) where broad 
olefinic resonances observed at ambient temperatures 
sharpened at  -80 "C to an AB system. If it is assumed 
that olefin rotation does not occur via rotation about an 
axis through the C-C bond of the olefin (Scheme 1),17 

H 

s 

L-Pt R 

R 

SCHEME 1 R = C0,Me 

then these observations indicate that either the com- 
plexes are very stable to dissociation or that the mixture 
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obtained reflects a thermodynamically controlled reac- 
tion. 

In the reaction of [Pt(cod)J with the olefins in the 
presence of ButNC or PPh,, if an excess of these ligands 
is used then (9)-(13) are obtained as stable crystalline 
complexes, characterised by the data given in Table 1 and 
2. Their spectroscopic properties are similar to those 
reported for the corresponding nickel and palladium 
c o m p l e x e ~ . ~ ~ J ~  The t-butyl isocyanide complexes were 
also formed by treating [P~,(CNBU~)~] 2o with the appro- 

li R 

priate olefin. Reaction with dmf was faster than that 
with dmm, and there was no evidence for cis to tram 
olefin isomerisation in these reactions. 

Addition of 1 mol equivalent of tricyclohexylphosphine 
to complex (4) led to the preferential displacement of 
dmf, and the formation of the crystalline three-co- 
ordinate complex (14), containing three different ligands. 
The presence of sharp olefinic lH resonances as an ABX 
system with lg5Pt satellites in the room-temperature 
n.m.r. spectrum suggests that olefin rotation does not 
occur. 

H R 

(1%) R = COpMe '(15b) 

H R 

(16a) R = CO,* (16b) 

Tris(o1efin) complexes (15)-( 18) were prepared by 
treating the corresponding olefin with the labile complex 

[Pt(C,H,),].* Depending on the solvent, two or all 
three ethylene molecules were displaced. The tris- 
(fumarate) complexes (17) and (18) were also obtained 
using an excess of dimethyl or diethyl maleate, respect- 
ively. However, it is interesting that it was possible to 
isolate bis(dimethy1 ma1eate)ethyleneplatinum (16). 

Structure (15a) may be assigned to the bis(dimethy1 
fumarate) complex on the basis of the room-temperature 
IH and 13C n.m.r. results. Only one signal is seen for the 
olefinic protons and only one for the olefinic carbon 
atoms of the fumarate, implying rapid rotation of these 
ligands. Under these conditions the ethylene must also 
be expected to rotate and, therefore, the observation of a 
complex AA'BB' multiplet lH signal for this ligand is 
consistent only with the chiral diastereoisomer (15a) and 
its enantiomer. 

Isomerisation of maleate to fumarate species observed 
in our work requires a reaction path to an intermediate, 
in which the bond order of the co-ordinated C=C bond is 
reduced sufficiently to allow rotation. There are three 
conceivable ways this could be achieved (A)-(C). An 
intermediate (C) seems unlikely in view of the fact that 
the platinum is already in a zerovalent state before 
charge transfer occurs. It is difficult to distinguish 
between the first two alternatives; however, it is 
interesting to note that the intermediacy of species of 
this type have been invoked9s2f to explain a variety of 
reactions of electronegatively substituted olefins and 
acetylenes with low-valent metal species. 

( A  1 (B) (C 1 
Addition (room temperature) of a tetra-alkylammo- 

nium chloride, bromide, or iodide to (cyclo-octa-l,5- 
diene) (dimethyl fumarate)platinum (1) in acetone in the 
presence of an excess of dimethyl fumarate afforded the 
white crystalline salts (19)-(21). Elemental analysis 
and i.r. and lH n.m.r. spectra indicated the formation 
of the anions [PtX(dmf),]-. Addition of an excess of 
ButNC to the salts regenerated the ammonium halides 
and formed complex (9). The i.r. spectrum of (19) in 
the 200-400 cm-l region showed a single Pt-C1 stretch at 
289 cm-l, which was replaced by a band at  203 cm-l in 
the spectrum of (20). In the case of the iodide there was 
no band at >200 cm-l. The Pt-Cl band was asym- 
metric to low frequency, compatible with the 37C1,35C1 
isotope effect observed with a single Pt-C1 bond in the 
set. A binuclear structure with bridging chloride ligands 
would not be expected to give this pattern. The related 
complexes [NEt,] [NiBr(dmf),] and [PPh,] [NiBr( dmf),] 
have also been reported l1 and assigned mononuclear 
structures. 

Protonation of [Pt(cod),] affords the cation [Pt(l- 
o,&5-q-C,H1,) (cod)]+ probably via direct attack on a 
cod ligand.,, It was of interest, therefore, to examine 
the corresponding reaction of complex (1). Addition 
of trifluoroacetic acid at  room temperature afforded 
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air-stable crystals of the platinum(I1) complex (22). 
Examination of the lH n.m.r. spectrum, and that of 
the corresponding [2H]derivative (from addition of 

CF3 
(22) R = C02Me 

CF,CO,D), showed that protonation had occurred exclus- 
ively on the fumarate to give the illustrated a-bonded 
derivative. 

A plausible reaction path is illustrated in Scheme 2, 
the initial step being a tram-oxidative addition of CF3- 
C0,H. The nature of the stereochemistry of the inter- 
mediates is hard to define because of the availability of 

H 

square planar tetrahedral 
SCHEME 2 R = CO,Me, X = CF,CO, 

low-energy polytopal rearrangement paths involving 
various square-pyramidal and trigonal-bipyramidal iso- 
mers. Following the discussion of Thorn and Hoff- 
m a n ~ ~ , ~ ~  and assuming a trigonal-bipyramidal geometry, 
the strong a-donating hydride ligand would be expected 
to show a preference for an axial site, the co-ordinated 
dimethyl fumarate preferring a planar orientation over 
an upright one thus maximising backbonding. In order 
for migration of the hydrogen to occur the mono-olefin 
must rotate to form a less-stable isomer so as to be able 
to achieve an essentially coplanar configuration. As 
shown, the hydrogen is equally well placed to migrate 
on to co-ordinated cod or on to dmf, and there is no 
obvious stereochemical reason why the latter is pre- 
f erred. 

EXPERIMENTAL 

N.m.r. measurements (Table 2) were made on JEOL PFT 
and PS 100 spectrometers. Infrared spectra were recorded 
on a Perkin-Elmer 457 grating spectrophotometer. Experi- 
ments were conducted in Schlenk tubes in a dry oxygen-free 
nitrogen atmosphere, using solvents which were dried and 
distilled under nitrogen prior to use. Light petroleum refers 

to that fraction of b.p. 40-60 "C. Analytical data and 
other data for the complexes are given in Table 1. 

Preparations.-[Pt(cod) (olefin)] complexes. Bis(cyc1o- 
octa-1,5-diene)platinum (0.35 g, 0.85 mmol) was added 
portionwise with stirring (room temperature) to a solution 
of dimethyl fumarate (0.12 g, 0.85 mmol) in diethyl ether 
( 15 cm3). After 15 min the solution was filtered, the volume 
of solvent reduced (10 cm3) in vacuo, and the solution cooled 
( -  20 "C) to give white crystals of (cyclo-octa-1,5-diene)- 
(dimethyl fumarate)platinum (1). Addition of light 
petroleum to the filtrate gave a further crop of crystals. A 
similar method afforded (cyclo-octa- 1,5-diene) (diethyl 
fumarate)platinum (2) and (cyclo-octa- 1,5-diene) (maleic 
anhydride)platinum (3). 

[Pt(CNBut) (olefin),] complexes. To a solution of di- 
methyl fumarate (0.21 g, 1.56 mmol) in diethyl ether (15 
cm3) was added portionwise [Pt(cod),] (0.30 g, 0.73 mmol). 
After stirring for 15 min at room temperature the mixture 
was cooled (-20 "C), and t-butyl isocyanide (0.061 g, 
0.73 mmol) in diethyl ether (5 cm3) added dropwise. The 
reaction mixture was allowed to warm to room temper- 
ature, and then the solvent was removed in vucuo to give, 
after washing with light petroleum, a 1 : 1 mixture of two 
isomers of (4) (0.30 g, 74%). Recrystallisation (-78 "C) 
from diethyl ether (0.30 g, from 15 cm3) gave crystals of one 
isomer of bis(dimethy1 fumarate) (t-butyl isocyanide) - 
platinum (4). 

Similarly, reaction of dimethyl maleate (0.29 g, 2 mmol) 
in diethyl ether (20 cm3) with [Pt(cod),] (0.41 g, 1.0 mmol) 
and ButNC (0.083 g, 1.0 mmol) gave, from diethyl ether 
(10 cm3, -20 "C) ,  white crystals of bis(dimethy1 maleate)- 
(t-butyl is0cyanide)platinum (5). Diethyl fumarate (0.34 g, 
2 mmol) in diethyl ether (20 cm3) with [Pt(cod),] (0.41 g, 
1 mmol) and ButNC (0.083 g, 1 mmol) gave crystals of 
bis(diethy1 fumarate) (t-butyl is0cyanide)platinum (6). 
Maleic anhydride (0.17 g, 1.7 mmol) in diethyl ether (15 
cm3) with [Pt(cod),] (0.35 g, 0.85 mmol) and ButNC 
(0.071 g, 0.85 mmol) afforded (-20 "C) white crystals of 
bis(ma1eic anhydride) (t-butyl is0cyanide)platinum (7). 

Bis(diethyZ fumarate) (tripheny1phosphine)pZatinum ( 8 ) .  In  
a similar way, treatment of diethyl fumarate (0.038 g, 2.18 
mmol) in diethyl ether (20 cm3) with [Pt(cod),] (0.30 g, 
0.73 mmol) and triphenylphosphine (0.19 g, 0.73 mmol) at 
room temperature gave white crystals of (8) on cooling 

Addition of [Pt,(CNBut),] 
(0.18 g, 0.17 mmol) at room temperature to a solution of 
dimethyl fumarate (0.072 g, 0.5 mmol) in diethyl ether 
(15 cm3) led to an immediate change in colour from red to 
colourless. After 0.5 h the solution was filtered, light 
petroleum (5 cm3) added, and the solution cooled (-20 "C) 
to give white crystals of (dimethyl fumarate)bis(t-butyl 
isocyanide)platinum (9). Similar reactions between [Pt3- 
(CNBut),] and dimethyl maleate, diethyl fumarate, or 
maleic anhydride gave, respectively, (dimethyl maleate)- 
bis(t-butyl is0cyanide)platinum (lo),  (diethyl fumarate)- 
bis(t-butyl is0cyanide)platinum (1 1), and (maleic anhy- 
dride)bis(t-butyl isocyanide)platinum (12). Reaction (room 
temperature) of [Pt(cod),] (0.2 g, 0.48 mmol) with diethyl 
fumarate (0.084 g, 0.48 mmol) and PPh, (0.25 g, 0.96 
mmol) in diethyl ether (10 cm3) gave, after 1 h and cooling 
(- 20 "C), w-hite crystals of (diethyl fumarate)bis(triphenyl- 
ph0sphine)platinum ( 13). 

To a solution of complex (4) (0.23 g, 0.4 mol) in diethyl 
ether solution ( 15 cm3) was added tricyclohexylphosphine 

(-20 "C). 
[PtL(L') (olefin)] complexes. 
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(0.4 mmol) in diethyl ether (5 cm3). After stirring a t  room 
temperature for 0.5 h the resulting white precipitate was 
collected and washed with diethyl ether to give crystals of 
(dimethyl fumarate) (t-butyl isocyanide) (tricyclohexylphos- 
phine)platinum (14). 
Tris (olefin)platinum complexes. (a)  Bis(dimethy2 

furnarate) (ethylene)platinum ( 15). Dimethyl fumarate (0.25 
g, 1.75 mmol) was added (0 "C) with stirring to a solution 
of tris(ethy1ene)platinum (0.24 g, 0.87 mmol) in diethyl 
ether (20 cm3) under an  atmosphere of ethylene. When the 
addition was complete the ethylene atmosphere was 
replaced with one of nitrogen, and the reaction mixture 
allowed to warm to room temperature. After 18 h the 
mixture was filtered, concentrated (5 cm3) in vacuo, and 
cooled ( - 78 "C) to give white crystals of (15). 

(b)  Bis(dimethyZ maleate) (ethylene)pZatimmz (16). Simi- 
larly, reaction of [Pt(C,H,),] (0.28 g, 1.0 mmol) and dinieth- 
yl maleate (0.29 g, 2 mmol) in diethyl ether-light petrol- 
eum (1 : 1, 20 cm3) gave after 4 h at room temperature a 
brown solid which on recrystallisation (-78 "C) from 
diethyl ether-light petroleum gave white crystals of (16). 

(c) Tris (dimethyl fumarate)platinum (1 7). Addition of 
dimethyl fumarate (0.38 g, 2.61 mmol) to [Pt(C,H,),J (0.24 
g, 0.87 mmol) in diethyl ether (15 cm3) at room temperature 
gave (3 h) , on concentrating (10 cm3) in vucuo and cooling 
( - 90 "C), white crystals of (17). 

( d )  Tris(diethyZ fumarate)platinum (18). A similar re- 
action between [Pt(C,H,),] (0.31 g, 1.12 mmol) and diethyl 
fumarate (1.42 g, 2 mmol) in diethyl ether (20 cm3) gave 
from light petroleum (- 20 "C) colourless crystals of (18) .  

Anionic complexes of the type [NR3R'] [PtX(olefin),] . 
Benzyltriethylammonium chloride (0.10 g, 0.45 mmol) was 
added a t  room temperature to a stirred solution of complex 
(1) (0.20 g, 0.45 mmol) and dimethyl fumarate (0.065 g, 
0.45 mmol) in acetone (20 om3). After 2 h, solvent was 
removed in vacuo. The resulting oil was triturated with 
diethyl ether (5 cm3) and acetone (0.5 cm3) to give white 
crystals of benzyltriethylammonium chlorobis(dimethy1 
fumarate)platinate ( 19). Similar reactions afforded tetra- 
methylammonium bromobis(dimethy1 fumarate)platinate 
(20) and tetraethylammonium bis(dimethy1 fumarate)- 
iodoplatinate (21) as white crystalline materials. 

Reaction of Trijluoroacetic Acid with (Cyclo-octa- 1,5- 
dime)  (dirnethylfumarate)pZatinum.-Trifluoroacetic acid (1 .O 
cm3) was added to complex (1) (0.20 g, 0.45  mmol) and the 
resulting yellow solution stirred at room temperature. 
After 1 h excess of CF,CO,H was removed in vacuo. The 
resulting oil was dissolved in diethyl ether (3 cm3) and light 
petroleum (10 cm3) added to give white crystals of (22) (0.77 
g, 68%), m.p. 54 "C (decomp.) (Found: C, 34.3; H, 3.9. 
C,,H2,F30,Pt requires C, 34.2; H, 3.8%) ; vmax. (Nujol) at 
1 735s, 1 700vs, 1410s, 1320m, 1240(sh), 1 185vs, 1 14Ovs, 
I080m, 1028w, 1 OlOm, 99Ow, 970w, 912w, 895m, 870w, 
%Om, 822w, 808vw, 795w, 788m, 770m, 730s, 620vw, 
578vw, 540(sh), 520w, and 420w cm-l. N.m.r. spectra: 
lH in [2H]toluene, 7 5.22 (m, 4 H, CH=CH), 6.46 (s, 3 H, 

CO,Me), 6.66 (s, 3 H, CO,Me), 7.12 [d, 2 H, CH,CO,Me, 
J(HH) 4.0 1, 7.22 [t, 1 H, CHCO,Me, J(HH) 4.0 Hz], and 
8.38 (m, 8 H, CH,); 19F in CDCl,, relative to CCl,F, 76.0 
p.p.m. (s, 3 F, CF3C02); 13C in C,D, of the complex from 
CF,CO,D, 175, 173 (GO) ,  160-161 (CF3C0, and CF3C0,), 
112.7, 112.4 [CHzCH, trans to C,H,DO,, J(PtC) 47.31, 
87,85 [CH=CH, trans to CF3C0,, J(PtC) 2261, 51.4, 51.2 
(Me), 34.3 [PtCHCH,, J(PtC) 39.71, 34.0 [PtCHCHD, 
J(DH) 38.11, 31.8 and 30.8 [CH,(cod), trans to CH(C0,Me)- 
CHD(CO,Me), J(PtC) 211, 31.5 [PtCHCH,, J(PtC) 6391, 
27.8 and 27.2 p.p.m. [CH,(cod), trans to CF3C0,, J(PtC) 
21 Hz]. 
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