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Summary 

F’t(CO)&12 reacts in benzene, toluene or tetrahydrofuran with 3-hesyne 
to give carbonylplatinumbis[di+-chloro,chloro( tetraethylcyclobutadiene)- 
platinum] (I), bis[dichloro( tetraethylcyclopentadienone)platinum] (III), dichloro- 
(tetraethyl-p-benzoquinone)platinum (IV) and dichloro(tetraethylcyclobuta- 
diene)platinum (II). This last compound is also obtained by treating I with 1 
to 3 moles of triphenylphosphine or p-toluldine. 

The structure and reactions of III are discussed; the anion exchange reac- 
tion eves the iodo-analogue, while treatment with donor ligands gives adducts 

of formula [ (C?H5)&CO] PtClr L (L = triphenylphosphine, p-toluidine, benzyl- 
amine and pyridine) and [ (C2HS )&CO] PtC12Lz (L = benzylamine, 3-methyl- 
pyridine). 

2-Butyne reacts with dichlorodicarbonylplatinum to give the methyl ana- 
logous of compounds I-III. 

Introduction 

Cyclobutadiene complexes of the transition metals have been prepared 
during the past sixty years by various different routes [ 11, one of which is the 
reaction of acetylenes with carbonyl metals, which leads to cyclobutadiene 
derivatives of these metals as well as to many other types of complex and or- 
ganic compounds [ 21. The reaction of Pt(CO)A& with diphenylacetylene [3] 
to give principally hexaphenylbenzene, tetracyclone and dichlorotetraphenyl- 
cyclobutadieneplatinum is a clear example of the complexity. In order to 
clarify the nature of the complexes obtained as by-products in these reactions 



and to obtain a more complete picture of the reaction of dichlorodicarbonyl- 
platinum with acetylenes, we have examined the reactions of 3-hexyne, 2-butyne 
and other disubstituted acetylenes such as dimethyl and diethyl scetylenedi- 
carboxylate, and we describe below the reactions of 3-hexyne and 2-butyne to 
give tetraalkylcyclobutadiene and tetraalkylcyclopentdienone compleses of 
platinum(I1). 

Results and discussion 

The reactron with 3-hexyne 
Dichlorodicarbonylplatinum has been treated in anhydrous benzene, tolu- 

ene, diethyl ether or tetrahydrofuran with 3-hesyne in molar ratios ranging from 
l/2 to l/8. Monitoring the reaction by use of the IR spectra has shown that the 
complete transformation of dichlorodicarbonylplatinum requires at least 2.4 
moles of 3-hesyne. 

The compounds isolated in esperiments carried out under the conditions 
specified in Table 1, are summarized in Scheme 1. It is noteworthy that at the 
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end of the reaction only smalI traces of 3-heuyne were present in solution, as 
shown by GLC. Compounds I and III were the major isolated products and only 
a small amount of IV (less than 6 5% of the starting platinum) was obtained, while 
the yield of II, which was always formed, could not be estimated owing to the 
difficulty in isolating it pure from the oily organic residue. 



TABLE 1 

ESPERlhlENTAL CONDITIONS AND COhlPOUNDS ISOL=tTED 

SOlWIlL Temper: Time 
a ture (b) 

!blolar rauo 

PL(CO)ZcI?/ 
3-hexyne 

ProdawL+’ 

Benzene 
Benzene 
Benzene 
Benzene 
Benzene 
Toluene 
T0llJene 
DleLbyi elher 
Dlelbvl elher 
THF 

room 
room 
room 
60’ 

82” 
room 

24 112.4 
24 113.3 

2 115 
5 1 IS.2 
7 112.1 
2 115 
2 118 

10 114.5 
2-l 114.6 
18 112.5 

1(2-t%) + 111(10~) + 1\‘(3E) 
I(2,‘;si.) - lII(ll~) + 1\‘(2%) 
l(3OS) + II * lll(15~) * IV(4sz) 
1(18%0) t 11111O’=b) 
l(15c;r) t ll1(9%) 
l(31E) + II + iil(18C) + IV(-?.5=c) 
1(37.5%) + II + 111(29.7%) + IV(7A) 
1(21%) + 111(15%) + IV(l%) 
l(201) + lll(16~) - IV(l%) 

l(101) + 111(8?~) 

At, present it is very difficult to rationalize all the factors which influence 
the reaction; the data in Table 1 suggest that the major effects are those of 
temperature and the molar ratio of the reactants. Use of a high temperature and 
a large e-cess of 3-hexyne apparently prorlotes the formation of the cyclobuta- 
diene derivative II, but under these conditions the concurrent formation of 
organic compounds derived from the oligomerization of 3-heuyne prevents the 
isolation of any pure organometallic compound in good yield apart from III. 
The instability of both I and III to carbon monoxide ruled out the possibility 
of increasing the yield of III arid LV by carrying on the reaction between dichlo- 
rodicarbonylplatinum and 3-hexyne under CO: with 25% of CO and 75% of 
N, the ratio I/III was effectively unchanged, and no increase in the yield of 
IV was observed, while with 50% of CO the formation of polynuclear platinum 
carbonyls drastically lowered the yield of ail the organometallic compounds. 
All attempts to identify the components of the oily residue containing the 
oligomerization products of 3-heuyne were unsuccessful; column chromatogra- 
phy with alumina, silica-gel and fluorisyl failed, since the formation of platinum 
metal on the adsorbants prevented any distinction between the initial oligomers 
and the decomposition products. 

The formulation of compound I as carbonylplatinumbis[di-p-chloro, chloro- 
(tetraethylcyclobutadiene)platinum], [Pt~(CO)Cl6((C~Hj)~C~)~], was inferred 
from its elemental analysis, molecular weight, spectroscopic characteristics, and 
chemical behaviour. The IR spectrum of the solid (nujol mull and KBr disc) 
showed a strong band in the v(C0) region, at 2080 cm-’ (terminal CO), while 
the NMR spectrum indicated the presence of equivalent ethyl groups in the 
molecule, as expected for a cyclobutadiene ring q-bonded to platinum. More- 
over the chemical behaviour indicated that the three platinum atoms were in 
different environments bonded through bridging chlorine atoms. In agreement 
with this, I reacts under mild conditions with a wide variety of ligands (L) giving 
IV and species which appear to be derived by extraction of the central carbonyl- 
dichloroplatinum group. The course of the reaction depends on the amount of 
the ligand (L) used as follows: 
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2 •l R P/’ t Pt(CO)LCI~ 

R R ‘c, 

Fl = c,c, . cl-r, 

The reaction with triphenylphosphine was carried out in benzene, chloroform, 
methyiene chloride, acetone and tetrahydrofuran: with one mole of ligand the 
colourless Pt(CO)[P(C6H5)3]C12 [4] [v(CO) 2105 cm-‘] was recovered from 
the solution, while with three moles of phosphine white crystals of Pt[ P(C~HS)~I Z- 
Cl? [5] were formed, the weight of which corresponded satisfactorily to l/3 of 
the platinum of the starting compound 1. In both cases II was obtained as light- 
yellow powder, contaminated by secondary or substitution products. Conver- 
sely, heating I in benzene in the presence of six moles of triphenylphosphine 
led to its quantitative transformation into Pt[P(C6H5)3]lClZr while the solution 
gave on evaporation an oily residue which was shown by GLC to contain high 
boiling organic substances formed from the acetylene monomer. Similar be- 
haviour was observed on treating I with methyldiphenylphosphine, and with 
nitrogen donor ligands such as p-toluidine, pyridine and 2,2’-bipyridine. 

In the preparation of the tetraethylcyclobutadiene complex Ii, the best 
results were achieved with p-toluidine in benzene, since II could be separated 
from Pt(CO)(CH&6H4NH2)C12 [S], [Y(CO) 2110 cm-‘], owing to their dif- 
ferent solubilities in benzene/he-uane. The absence of any significant band in 
the 2800-1500 cm-’ region of the ZR spectrum and the presence in the NMR 
spectrum of signals assigned to a single set of ethyl protons (triplet at r 8.7, 
quartet at r 7.87) strongly support the proposed structure. The molecular 
weight value found in acetone, in which II is moderately soluble, is very low 
for a dimer species; this is as expected, since the corresponding tetraphenylcy- 
clobutadiene complexes behave analogously [ 31. 

Compound II is thermally stable and does not react with donor ligands 
under mild conditions: it is unchanged on standing in solution in the presence 
of carbon monoxide, unlike I, which was slowly transformed into Pt(CO)&12 
and then into the green-black polyuuclear carbonyl ]Pt(CO),],, both of which 
were identified by their IR spectra. 

I can be considered as an intermediate in the formation of the more stable 
II: thus when it is boiled in acetone, it slowly decomposes to give a dark-brown 
gummy solid consisting of LI mixed with an unidentified unstable species con- 
taining platinum. When treated with a large excess of 3-hexyne in boiling ace- 
tone, I was transformed to II, which was however isolated only in very poor 
yields owing to the presence of a large amount of unreacted 3-bexyne and of 
unidentified organic side-products. 
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The formulation of compound III (isolated as colourless needles) as bis- 
[dichloro(tetraethylcyclopentadienone)plnum] was inferred from its ele- 
mental analysis, molecular weight, spectroscopic properties, and chemical 
behaviour. The IR spectrum showed two absorption bands at 1680s and 1640m 
cm-‘. The NMR spectrum was not clearly resolved: the methyl protons gave 
rise to four overlapping triplets, centered at T 8.58, 8.71, 8.92 and 9.02 
[3J(H-H) = 7 Hz] while the methylene protons appeared as a broad multiplet 
centered at about T 7.72. Such a spectrum is consistent with the presence of 
four non-equivalent ethyl groups on the cyclopentadienone ring, and suggests 
that the tetraethylcyclopentadienone is not symmetrically 2,3,5,6-q-bonded 
to platinum, as it is in the analogous rhodium compleses [ 81. Further support 
for structure III comes from the chemical behaviour of the cyclopentadienone 
complex, which reacts readily with a variety of ligands to give two types of 
adducts, A and B. 

R R 
(R = C,H,) 

R R 
Cl 

(PI L = trlphenylphosphlne 

(!Zi) L = p - toluidine 

(PII) L = benrylamlne 

FUIT) L = pyrldlne 

Type 8 

R R 

R 
L 

R 

0 0 

(Ix) L = benzylamlne 

(Xl L = 3-methylpyrldlne 
(n) L = 2.2’- blpyrldlne 

Type A adducts V-VII were obtained by treating 1 mole of III with 2 
moles of ligand at room temperature (but pyridine reacted only in boiling 
benzene to give Viii); use of an excess of Iigand leads to the l/2 adducts, which 
have been isolated and fully characterized in the case of benzylamine (IX), 3- 
methylpyridine (X) and 2,2’-bipyridine (XI). Triphenylphosphine gave only 
the mono adduct V; attempts to obtain the l/2 species from III or V with an 
excess of phosphine failed, probably owing to the large steric hindrance of the 
Iigand. 

Consistently, benzyktmine reacted with VII in the molar ratio l/l, accord- 



ing to the reaction: 

0 0 

CTKI) (lx) 

This bis adduct IX is not very stable and reverts to VII in boiling ethanol. The 
lability of the complexes in which two moles of nitrogen donor ligands are co- 
ordinated to the platinum atom as in B, is in agreement with the fact that l/2 
adducts T.vere not isolated from the reaction of III with a large excess of p-tolu- 
idine or pyridine. 

Ln contrast, chelation promoted the formation of the type B compounds 
as expected: 2,2’-bipyridine gave the stable derivative XI, which was recrystal- 
lized from boiling ethanol without decomposition. The formation of l/2 ad- 

TABLE 2 

LNFRARED DATA FOR SOLiD COhlPOUNDS” 

Compound COlOlU LiCO) (cm-‘) Olher bands 

I 

II 

III 
IV 

V 

VI 

VII 

VIII 

I _x 

X 

XI 

.X1 I 
Xlll 

XIV 

XY 
.Y v I 
XV11 
XVIII 

pale yellow 

Y.f!llOW 

white 
yellow 

pale yellow 

Whll@? 

white 

white 

Whlk 

white 

yellow 

dark-red 
white 

ycuow 

WhlLe-yellow 
YdC.W 
red 
white 

2080s. 20 15w 1320~x1; 12601~; 1085m; 99Om; 785m; 

71om 
1320s; 1293m: 1255s: 1100m: 1085s: 
985m: 720m: 700m: 660m: 61013 

1680s: 164Om; 1280~. 1080~; 852m; 820111; 805m; 
1723~s; 1682(sb)mb 1110111; 1050s; 1032m;86Om;840s; 

710s 
1655s; 1630~s 1090s; 1058m; 10401~1; 1OOOm; 845s; 

835s: 755s: 745s: 690s 
162&s 325Om:317Om:312Om: 1580s. 1510m: 

1135s: 860~0; 84Oa: 818m 
1630x 318Om:312Om; 1550s; 1365m: 119Om. 

1058m; 980m. 85Om; 830m;812m: 
750% 700s 

1640~s; 1605s 1215s; 1070s; 1058ms; 1020~x1; 857s; 
840s: 770s; 700s: 667~1; 6405 

16-lOvs: 1620s 3310m; 3285m; 3220m; 3140m: 1600(sh): 
1580(sb): 1065m: IO-lOm: 1020m: 
995s: 850s: 750~1: 737s: 700s: 68Om 

1657s : 1630s 1600~: 1580~; 121Om: 1200111: 1120~~: 
1060s; 850s; 810s. 803s; 710s. 663s 

1660~s: 1635m 1606m: 16005; 1315m: 1155m: 1028m: 
848m; 832111; 775s; 745m; 735m; 682111 

169Om: 1650s 12OOm: 117Om: 106Om: 1032m:835m 
1680s; 164Om 8551x1; 83Om; 81&n 

178ovs 32601~1; 3230111; 3150111; 1590s; 1220~. 

1165~; 1070~; 1055w;98Ow; 750s; 
720%. 700s . 

208oVs; 2020~ 107ow. 1020s . 
108Ow; 1020s 
12oom: 1065w: 1020s; 1ooOs;91Om 

1675~s: 165Om 128Ow; 1230~: 109Ow: 1040111: 1030~1: 
985m; 95Ow; 820~; 772~ 

a In nujol mulls.. b Reglslered III KBr disc. 
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TABLE 3 

NMR SPECTRA 

Exocyd~c &\I group+’ 

Compound Solvcot CH3 CH? Other ass.~gnmen& 

II 

Ill 

IV 
V 
VI 

VII 

VIII 
IX 

x 

Xl 

XV 
XVI 
XVII 
XVIII 

CDJCOCD~ 
CD3COCD3 
CD3COCD3 
CD3COCD3 

CDCI3 
CDCI 3 

CDCl3 

CD3COCD3 
CDC13 

C53COCD3 

not soluble 
CDxCOCD3 
CDJCOCDJ 
CD~COCDJ 
CDCI3 

8.67 t 
8.7 1 
8.58; 8.71. 8.92; 9.02 t 
8.56. 8.68 t 
8.67; 8.73; 8.9; 9.23 t 
8.8: 8.95; 9.1.9.16 t 

9.03; 8.9: 8 85: 8.83 t 

8.53; 8.67; 8.84; 9.03 t 
8.70: 8.75: 8.87: 9 t 

8.7; 8.8-?. 8.93; 9.07 t 

8.32 5 
8.4 s 
8.55 5 

7.84; 7.93 s 

i.9-l q 
7.87 q 
7.2-8.12 m 
7.2-7.5 m 
6.5-8.5 m 
6.5-8.5 m 

6.5-8.5 m 

6.5-8.5 m 

6.5-8.5 m 

6.5.8.5 m 

2-3 m 
8.77 s 
3m 

4.05 s(br) 
5.9 s 
2.5-3 m 
0.5-2.5 

6s 
2 5.3 m 
7.7 5 

1-3 

(C6!!5)3p 

Clj 3C6H4NHz 
CHJC&NH?~ 

CH~C~HANH? 
NH+ZH,C~HS 
NH?CH&& 

CsH5N 
NH?CH?C6Hj 
NH2CH?C@5 
Cij 3C5H4_N 
CH3CjHdN 

=For all compoun& conta~rung an ethyl group ‘.J(H-H) = 7 Hr. b CoUapsed A?B? p-toluldlnz system. 

duck strongly supports the view that the cyclopentadienone ring is asymmetri- 
cally v-bonded to the metal, in agreement with the suggestion based on the NMR 
non-equivalence of the ethyl groups in III, and observed for all its derivatives. 

The IR spectra of all the compounds described above (see Table 2) showed 
that as a consequence of the coordination of the new ligand to platinum, the 
v(C0) are lowered as expected, the negative charge brought by the donor atom 
to the metal being delocalized over the cyclopentadienone ring. 

The NMR chemical shifts of the more soluble cyclopentadienone deriva- 
tives are listed in Table 3. The methyl and methylene protons of the tetraethyl- 
cyclopentadienone in the adducts differ very little in position from those for 
compound III: this suggests that the entering ligand does not affect significantly 
the bonding of the unsaturated ring. The appearance of the fairly sharp reson- 
ance at about 7 4 assignable to the NH protons in the case of p-toluidine adduct 
VI, and the overlapping of the broad peak due to the amine protons at about 
7 7 with the multiplet due to the CH1 protons of the ethyl groups in the case of 
the benzylamine compounds VII and IX confirm that the nitrogen atom is 
strongly bonded to platinum. Furthermore the integration of all proton signals 
was in agreement with the proposed structure of l/l adducts for compounds 
V-VII and of l/2 adducts for compounds IX and X. 

Compounds V-VII and IX appeared to be monomeric in chloroform and in 
benzene, and this suggests that the s+&ric hindrance of the tetrasubstituted cyclo- 
pentadienone ring, probably bonded to platinum in a~ unsymmetric fashion as 
well as of the entering ligands, promotes the breaking of the chloro bridges. The 
lability of the chloro bridges in compound III has been proved by the exchange 



ace:one 
methanol 

0 0 0 0 

fDI) (X=1 

(R = C,P,l 

reaction with iodide ions, which occurred simply on reflusing III with lithium 
iodide in methanol. 

Tbe nature of the entering nucleophile seems to be important in this reac- 
tion, since with bromide ions only two chlorine atoms (presumably terminal) 
are replaced, to give a mixed chlorobromo-derivative XIII, while dibromo-di-p- 
bromobis(tetraethylcyclopentadienone)diplatinum was isolated only in traces. 

Compound III was unstable in solution under an atmosphere of CO; in 
tetrahydrofuran it slowly decomposed to give the green-black polynuclear car- 
bony1 compound [ Pt(CO)2 Jn. 

Tbe minor product of the reaction, IV, was characterized as a telxaethyl- 
quinone complex. The IR spectrum showed only two carbonyl stretches at 
1723 sand 1682 m cm-‘, assignable to ketonic groups. The NMR spectrum 
consisted of two triplets at T 8.56 and 8.68 and of a poorly resolved system 
of quartets at r 7.2-7.5; the fact that the ethyl groups are not equivalent indi- 
cated that the t&methyl-p-benzoquinone is not symmetrically bonded 2,4,5,6- 
17 to platinum but is behaving as an olefin (e.g. 2,3-v). This observation is con- 
firmed by the reaction of IV with benzylamine, which gives a yellow adduct 
containing two moles of N-donor ligand per atom of platinum of formula PtC12- 
(C,JH~~O~)(C~~CH~NH~)~ (XIV). 

The reaction with 2-butyne 
The reaction between Z-butyne and dichlorodicarbonylplatinum was per- 

formed at 20” in benzene. Monitoring the reaction by recording the IR spec- 
trum revealed the appearance of slowly increasing absorption bands at 2090 s, 
1765 s. 1690 s and 1660 w cm-‘. At the end of the reaction more than 64% of 
the platinum had been converted into a yellow crystalline substance which was 
identified as carbonylplatinumbis[di-~-chloro,chloro(tetramethylcyclohu~diene)- 
platinum] (XV), the methyl analogue of I, from its elemental analysis, IR spec- 
trum [ v(C0) 2080 cm -’ in nujol mull], and NMR spectrum. The latter shows a 
sharp singlet at T 8.32 due to equivalent methyl protons, with two satellite peaks 
due to the coupling with 19’Pt, as expected, [J(Pt-H) = 10.5 Hz]. 

Compound XV when treated in benzene with 1.5 moles of p-toluidine or 
methyldiphenylphosphine immediately gave the tetrzunethylcyclobutadiene der- 
ivative [PtCl,((CH,),C,)], (XVI), by cleavage of the chloro bridges and extrac- 
tion of the platinum atom bearing the carbonyl group. 

Under tbe same conditions, an excess of ligand, e.g. 5 moles of triphenyl- 
pbosphine, gave the known Pt(PPh3)&12. 

The formation of XVI was observed when XV was refluxed in acetone; a 
small amount was also obtained from some reactions of Pt(CO),C12 with 
2.butyne in boiling benzene. 
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When dichloro(t.etramethylcyclobutadiene)platinum (XVI) was refluxed in 
acetone or in methanol containing Lithium iodide, the corresponding diiodo(te- 
tramethylcyclobutadiene)platinum complex (XVII) was formed. The IR spectra 
of XVI and XVII showed no absorption bands between 2500 and 1550 cm-‘; 
their NMR spectra showed a sharp singlet, at 7 8.45 and 8.55 respectively, parti- 
ally split into a doublet by coupling with 195Pt, [3J(Pt-H) = 10.5 Hz] as observed 
for XV. 

Definite evidence for tbe presence of a tetramethylcyclobutadiene ring bon- 
ded to platinum was afforded by the transfer of this ring to an iron tricarbonyl 
moiety on reaction of XVI with pentacarbonyliron in boiling benzene, the tticar- 
bonyl(tetrametbylcyclobutadiene)iron being identified from the similarity of 
its IR spectrum with those of the tetraphenylcyclobutadiene and cyclobuta- 
diene analogues [ 9] _ 

As in the reaction with 3-hexyne, a ketonic species [Y(CO) 1680 s and 1650 
m cm-‘] was also obtained; it was isolated from the mother solution as white 
plates, and found to correspond to dichlorotetramethylcyclopentadienone 
platinum (XVIII), analogous to JIi. 

Its NMR spectrum was significant; it consisted of two singlets at 7 7.84 and 
7.93 associated with two signals at T 8 and 8.34; the last two peaks were re- 
solved at higher resolution and shown to be poorly defined quartets. The exis- 

tence of four non-equivalent methyl groups accounts for the unusual bonding 
situation in the molecule, which can be represented as: 

.CI 

Another ketonic species with an IR absorbance at 1760 cm-’ was present 
in the oily residue of evaporation of the mother solution, but it was not isolated_ 
We suspect that this compound is somewhat similar to the tetraethylquinone 
derivative (III), although it appears quite different from the duroquiuone deriv- 
ative of rhodium [lo]. 

Conclusions 

The results obtained in the reaction of Pt(C0)2ClZ with 3-hexyne and with 
2-butyne are closely analogous to those reported with diphenylacetylene as far 
as the formation of the cyclobutadiene derivatives is concerned. The most obvi- 

ous difference involves the possibility of making stable cyclopentadienone com- 
plexes, which were not observed in the diphenylacetylene reactions even though 
the tetraphenylcyclopentadienone molecule is known to be one of the cyclooli- 

gomerization products of the acelylenes [ 21. It is reasonable to ascribe the dif- 
ference in behaviour to the smaller steric hindrance from the alkyl substitutents 



on the triple bond, which being less rigid than the phenyl groups, may be more 
readily located to permit coordination to the metal. 

However, the NMR spectra of the cyclopentadienone compounds and the 
formation of l/2 adducts with donor ligands show the bonding of the tetraal- 
kylcyclopentadienone ring to be unusual and unexpected by comparison with 
the analogous derivatives of the isoelectronic rhodium(I) compound [ 8,101 
and generally with the previously known cyclopentadienone complexes [ 31. 

In the absence of an X-ray structural analysis, the chemical and physical data 
provided by this investigation can do no more than indicate that the cyclopenta- 
dienone ring is not doubiy q-bonded symmetrically to platinum, the bonding 
situation being Like that observed with a strongly polarized olefin. 

As for the mechanism of cyclization of acetylene, the system considered 
was too complicated, in the number and quality of the products to provide 
any clarification. 

Work is in progress with other disubstituted acetylenes and other transition 
metal carbonylhalides [ 111. 

EZxperimental 

Solvents were purified and dried by standard methods. IR spectra were 
recorded on a Perkin-Elmer 457 sp&trophotometer in Nujol mulls, or in KBr 
pellets. Molecular weights were determined with a Mechrolnb Osmometer Model 
301 A, and NMR spectra with a NEVA NV 14 NMR spectrometer. 

Reactions of 3-hexyne with dicarbonyldichloroplatinum at 25” 
(a). 3-Hexyne (3.7 ml, 31.6 mmol) in 20 ml of benzene was added slowly 

(1 ml/h) with stirring to a suspension of Pt(CO)&l~ (4.2 g, 13 mmol) in 80 ml 
of anhydrous benzene under nitrogen. After 48 h, the IR spectrum of the solu- 
tion no longer showed the characteristic absorption bands of Pt(CO)&l, at 
2170 and 2130 cm-‘. A pale yellow solid separated which was filtered off, 
washed with benzene (20 ml) and dried in vacua (1.18 g, 24%). It was identified 
as carbonylplatinumb~s[di-~~hloro,chloro(te~e~hylcyclobu~diene)platinum] 
(I). it is slightly soiuble in chloroform, acetone, tetrahydrofuran and diethyl 
ether, and insoluble in benzene and hesane. 

Found: C, 25.30; H, 3.33; Cl, 18.71; 0,1.76; Pt, 51.2; mol. wt. in CHCl, 
980. &jl&oClbOPt3 calcd-: C, 25.99; H, 3.49; Cl, 18.43; 0, l-39; Pt, 50.70%; 
mol. wt. 1154. M.p. 167”(dec.). 

The benzene solution was evaporated to dryness and the brown gummy 
solid so obtained was stirred with hexane (60 ml) to give a light-brown pow- 
der, which was filtered off and dried in vacua. The dry solid was first washed 
with acetone (30 ml) and then crystallized in a Sovhelet apparatus (40 ml ace- 
tone) to give white plates. It was identified as bis[dichloro(tetraet.hylcyclo- 
pentadienone)platinum] (III). It is slightly soluble in acetone, chloroform, 
benzene, tetrahydrofuran and diethyl ether, and insoluble in hydrocarbons. 

Found: C, 34.32; H, 4.42; Cl, 15.17; 0,3.63; Pt, 44.1; mol. wt. in CHC13 
950. c;61-ix,C1~O~pt2 c&d.: C, 34.04; H, 4.40; Cl, 15.48; 0, 3.43; Pt, 42.6%; 
mol. wt. 916. 

The acetone washings were evaporated to dryness and the residue was 



215 

crystallized twice from acetone-hexane to give a yellow product which was 
identified as dichloro(tetraethyl-p-benzoquinone)platinum (IV). It is soluble 
in the common organic solvents except for hydrocarbons. Found: C, 34.98; 
H, 4.40; 0,6.25. [C,~H&120,Pt], calcd.: C, 34.55; H, 4.15; 0,6.58%. 

(b). 3-Heryne (4.5 ml, 39.5 mmol) was added to Pt(C0)&12 (1.6 g, 4.9 
mmol) in toluene (40 ml). The suspension was stirred at room temperature 
under nitrogen for 2-4 h. The yellow precipitate was filtered off, washed with 
toluene and dried in vacua. The yellow solid was then treated with benzene 
in a Soxhlet apparatus: 720 mg of the pale yellow compound I remained un- 
dissolved, and this was recrystallized by extraction with chloroform. The ben- 
zene solution was evaporated to dryness to give a light-brown solid, from 
which by extraction with acetone in a Soxhlet apparatus 517 mg of white 
compound 1I.I were obtained. 

The toluene mother liquor was evaporated to give a gummy oil: on stir- 
ring with hexane (30 ml) a light-brown powder separated which was treated 
according the procedure described in (a), to give 165 mg of III and 160 mg 
of IV. 

The hesane solution from the treatment of the gummy oil was evaporated 
in vacua to give an oily residue which contained a yellowish solid, identified 
as dichloro(tetraethylcyclobutadiene)platinum (II), by comparison with a pure 
sample obtained with the procedure described below. Yields of pure compounds: 
I, 37.5%; III, 29.7%; IV, 7%. 

Dichloro(tetraethylcyclobutadiene)platinum (II) 
p-Toluidine (142 mg, 1.32 mmol) in benzene (5 ml) was added to a suspen- 

sion of I (510 mg, 0.44 mmol) in benzene (15 ml). The colourless solution rap- 
idly turned dark-yellow and complete dissolution of I was observed. After 5 h 
stirring the volume of the solution was reduced to l/3 by evaporation in vacua. 
On addition of hexane, a yellow microcrystalline powder separated, and was 
crystallized from acetonelhexane. 

Found: C, 33.82; H, 4.63; mol. wt. in acetone 383. C,ZH&lJ% calcd.: C, 
33.47; H, 4.68%; mol. wt. 430. This compound was also obtained by treating I in 
benzene or chloroform in a similar manner as described above with other ligands 
such as pyridine, triphenylphosphine, and 2,2’-bipyridine. 

Dichloro(tetraethylcyclopentadienone)(triphenylphosphine)platinum (V) 
P(CbHj)3 (160 mg, 0.61 mmol) was added to III (305 mg, 0.33 mmol) in 

toluene (40 ml). The solution was kept at room temperature for 1 h and then 
evaporated to dryness in vacua. The residue was crystallized from benzene/ 
hexane to give pale-yellow crystals. 

Found: C, 50.94; H, 4.90; mol. wt. in benzene, 748. C3,HJ5C120PPt 
c&d.: C, 51.59; H, 4.85%; mol. wt. 721. 

Dichloro-p-toluidine(tetraethylcyclopentadienone)platinum (Vi) 
III (300 mg. 0.28 mmol) and p-toluidine (60 mg, 0.56 mmol) were stirred 

for 2 h in toluene (80 ml). On reduction of the volume of the gold-yellow soi- 
ution to l/3, a white solid separated, and this was filtered off, and recrystallized 
from benzene. 



Found: C, 42.86; H, 5.12; N, 2.51; mol. wt. in benzene 680. C20H?&120N- 
Pt calcd.: C, 42.47; H, 5.13; N, 2.47%; mol. wt. 565. 

Benzyiaminedichloro( te trae thylcyclopen tadienonelpla tinum (VII) 
Benzylamine (50 mg, 0.47 mmol) in benzene (5 ml) was added to 111 (210 

mg, 0.23 mmol) in benzene (15 ml). After 2 h of stirring the solution was eva- 
porated to dryness and the residue treated with hexane. The product (a white 
powder) was recrystallized from ethanol to give white plates. 

Found: C, 42.95; H, 5.34; N, 2.33; mol. wt. in benzene 602. C20H,&l,0N- 
Ptcalcd.: C, 42.47; H, 5.13; N, 2.47%; mol. wt. 565. 

Dichloro~yn’dine(tetraethyLcyclopentadienone)platinum (Viii) 
Compound III (0.268 g, 0.29 mmol) and pyridine (2 ml; 24.8 mmol) were 

refluxed in benzene for 24 h. Evaporahon of the pale yellow solution gave a 
white powder, which was crystallized from acetone. 

Found: C, 40.22; H, 4.54; N, 2.46. C18HISC12NOPt calcd.: C, 40.22; H, 
4.65; N, 2.60% 

Bi~(benzylamine)dichloro(tetraethylcyclopentadienone)platinum (IX) 
(a). Benzylamine (0.3 ml, 2.80 mmol) was added to III (163 mg, 0.17 mmol) 

in benzene (15 ml). After 2 h stirring the solution was evaporated to dryness, 
and the residue treated with hesane and dried to obtain a white powder. 

Found: C, 47.80; H, 5.41; N, 4.01; mol. wt. in chloroform 478. C27H38C12- 

N20Pt c&d.: C, 48.2; H, 5.64; N, 4.17%; mol. wt. 672. 
(b). VII (100 mg, 0.177 mmol) was dissolved in benzene (10 ml) containing 

benzylamine (110 mg, 0.37 mmol); the solution was kept at room temperature 

for 1 h then evaporated to dryness, and the residue treated with hesane (30 ml). 
The white crystalline powder was washed with hexane (10 ml). 

Found: C, 47.45; H, 5.48; N, 4.16%. 

Dichiorobis(3-methytpyridine)(tetmethylcyctopentadienone)platinum (X) 
3-Methylpyridine (0.25 ml, 2.58 mmol) was added to III (195 mg, 0.213 

mmol) in benzene (15 ml). The solution was stirred at room temperature for 
2 h and then evaporated to dryness, and the residue treated with hexane. The 
white powder was recrystallized from benzenelhexane. 

Found: C, 46.56; H, 5.10; N, 4.39; G5H3&lzN20Pt calcd.: C, 44.95; H, 
5.28; N, 4.35%. 

Dichloro-2,2’-bipyridine(tetraethylcyctopentadienone)piatinum (XI) 
JJI (161 mg, 0.176 mmol) was refluxed in benzene with 2,2’-bipyridine 

(120 mg, 0.77 mmol) for 4 h. On addition of hexane, a yellowish solid sep- 
arated, and this was recrystallized &om ethanol. 

Found: C, 45.22; H, 4.21; N, 4.51. C~3H~BC12N~OPt calcd.: C, 44.95; H, 
4.56; N, 4.56%. 

Diiodo(tetraethylcycIopentadienone)platinum (XII) 
JA (550 mg, 4.1 mmol) was added to a suspension of III (110 mg, 0.12 

mmol) in methanol (20 ml) and stirred for 8 h at 50”. The solution was eva- 



porated to dryness and the red gummy solid was treated with water to remove 
the lithium halides. The solid residue was washed with methanol and dried in 
vacua. 

Found: C, 23.50; H, 3.18. C,jH2,-,120Pt calcd.: C, 24.3; H, 3.12%. 

Bromochloro(tetraethylcyclopentadienone)platinum (XIII) 
LiI-Hz0 (180 mg, 1.7 mmol) was added to a suspension of II (83 mg, 

0.09 mmo:) m acetone (15 ml) and stirred for 8 h at 50”. The solution was 
evaporated to dryness and the white solid was treated with water to remove 
the lithium halides, then washed with methanol and dried in vacua. 

Found: C, 31.21; H, 3.80; Cl, 6.42; Br, 15.59. CIxHzoBrC!OPt calcd.: C, 
31.04; H, 4.01; Cl, 7.05; Br, 15.90%. 

B~s(benzylamine)dichloro(teh-aethyl-p-ben~oquinone)platinum (XIV) 
Benzylamine (30 mg, 0.28 mmol) was added to III (30 mg, 0.062 mmol) 

in benzene (10 ml). After stirring for 2 h the solution was evaporated to dry- 
ness and the residue treated with hesane. The product (a cream solid) was 

recrystallized from ethanol to give yellow plates. 
Found: C, 50.90; H, 5.80; N, 4.24; CzaHJ&12N202Pt calcd.: C, 48.00; H, 

5.43; N, 4.00%. 

Reaction of 2-butyne with dicarbonyldichloroplatinum in benzene at 20” 
2-Butyne (2.5 ml, 31.94 mmol) was added with stirring to a suspension 

of Pt(C0)2Clz (3.13 g, 9.12 mmol) in anhydrous benzene (50 ml) under ni- 
trogen. After 6 h the IR spectrum of the solution did not show any of the 
characteristic stretching frequencies of Pt(C0)&12. A white-yellow solid sep- 
arated from solution, which was washed with benzene (20 ml) and dned in 
vacua. It was identified as carbonylplatinumbis[di-~chloro,chloro(tetramethyl- 
cyclobutadiene)platinum] (XV) (2.16 g, 64%). It is s!ightly soluble in acetone, 
chloroform and tetrahydrofuran and insoluble in benzene and hydrocarbons. 

Found: C, 19.90; H o go- 0, l--IO; Cl, 30.11; Pt. 55.30. C,,H,JCl,OPt, , _.I_, 

calcd.: C, 19.59; H, 2.32; 0, 1.53; Cl, 20.41; Pt, 56.15%. 
The benzene solution was evaporated to dryness and then stirred with 

herane. A dark brown solid was obtained, which was extracted in a Soshelet 
apparatus with benzene. The benzene solution was again evaporated to dry- 
ness and the solid residue dissolved in 50 ml acetone. Cooling to -20” gave 
white plates, which were identified as dichloro(tetramethylcyclopentadienone)- 
platinum (XVLII). 

Found: C, 26.80; H, 2.86; 0, 4.07; Cl, 17.40; Pt, 47.7; C,H,,CI,OPt 
calcd.: C, 26.88; H, 3.01; 0, 3.98; Cl, 17.63; Pt, 48.51% 

Dichloro(tetramethylcyclobu tadienelplatinum (X Vi) 
- p-Toluidine (0.173 g, 1.62 mmol) was added to XV (1.3 g, 1.13 mmol) 

in benzene and the suspension was stirred for 12 h at room temperature. On 

addition of hexane (50 ml) a yeliow solid separated, which was crystallized 
from acetone and hexane (680 mg, 74%). 

The presence of the tetramethylcyclobutadiene ring was confirmed by 
treating XVI with Fe(CO)S in benzene to give tricarbonyltetramethylcyclo- 
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butadieneiron which was identified by comparison of its IR spectrum with 
the spectra of analogous compounds previously reported. 

Found: C, 25.90; H, 3.19; Pt, 50.63. CsH,,CIIPt calcd.: C, 25.66; H, 3.23; 
Pi& 52.14% 

Compound XVI was also obtained by treating XV with methyldiphenyl- 
phosphine. 

Bis[diiodo(tetramethylcyclobutadiene)platinum] (XVII) 
XVI (1 g, 2.67 mmo!) was stirred at 50” in methanol (50 ml) with Lithium 

iodide (2 g, 15 mmol). After 4 h, the dark yellow solid was fiItered off, washed 
with methanol (20 ml), and dried (1 g, 61%). Recrystahisation from acetone 
gave reddish crystals. 

Found: C, 17.69; H, 2.11; I, 43.7; mol. wt. in CHCIS 1000. C,,H,,I,Pt, 
calcd.: C, 17.25; H, 2.15; I, 45.5%; mol. wt. 1114. 
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