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Summary 

Pt(G o HI 2 OCHs )(PPhs )Cll reacts readily wrth isocyamdes by dlsplace- 
ment of the coordmated olefnnc end of the organic moiety followed by mser- 
tlon of the lsocyamde mto the metal-carbon o-bond The reaction bet ,veen the 
methoxydienyl complex [Pt(Cr e H, s OCH, )Cl] 2 and cyclohexyl rsocyamde m- 
volves chloride bridge-sphttmg to @ve [Pt(Cr o H1 2 OCHs )(Ca H, 1 NC)Cl] , fol- 
lowed by olefm displacement and finally lsocyamde insertion The unmo derrv- 
ative produced in this latter reactlon has a trans-lsocyamde configuration 

The chemical properties of these new lsocyamde complexes are discussed 
m terms ot relative trans mfluences, coordmatmg abllltles, and electrophllic 
characters m comparrson with the CO analogues 

Introduction 

There have been several studies* of the msetions of unsaturated mole- 
cules such as CO, CNR, SO2 , olefms, and acetylenes mto platmum-carbon and 
platinum-hydrogen bonds. Carbon monoxide inserts mto the M-C a-bond of 
platmum(I1) [ 23 and palladmm( II) methoxydicyclopentadienyl complexes 
[3,4] When an excess of CO 1s used with complexes of the type [M(C, oH1 2- 
OCHa )(PPhs )Cl] drsplacement of the olefmic end by CO 1s also observed 
[2,3]. These carbon monoxide msertions and olefm displacements, are not, 
however, a general feature of the chemical behavlour of methoxy&enylpla- 
tinum and -palladium complexes Thus, treatment of [Pt(DleneOCHs )Cl] 2 
(Dlene = l&cyclooctad~ene, 1,5-hexadrene, and dlcyclopentadlene) w&h CO m 
chloroform at 0” does not lead to CO insertion into the Pt--C c bond. Instead, 
in the case of the 1,5-cyclooctadlene complex, the methoxyl group migrates to 
the CO ligand which has become coordinated to the metal through a hahde 
brrdge-sphttmg reactron, to gwe the methoxycarbonyl derlvatrve, [Pt(CsH, s )- 
(COOCH, )Cl] [ 51. 

*For a survey see ref 1 



In contmuation of 
metal-carbon a bonds, 
types (I) and (II) mth 
noxide. 

our studies on insertions of unsaturated molecules mto 
we have examined some reactions of complexes of 
isocytides, which are lsoelectionic with carbon mo- 

cH30--GFP cH30+ 
Ph PApt\CI 3 /\ J 2 

(1) 

Result-s and discussion 

cm 
CM= Pt , Pd) 

Reactrons of [Pt(C, &l, 2 OCH3)(PPh3)Cl] 
p-CH, C&L, NC) 

wzth RNC (RNC = C&i, I NC, 

Reactions of complexes of the type [Pt(C, ,,H, 20CH,)(PPh, )Cl] mth 
cyclohexyl and p-tolyl lsocyanide m benzene or dchloromethane at room tem- 
perature mvolved complex/RNC molar ratios rangmg from 1 to 0 5. 

The reaction of [Pt(C, ,H, ,OCH,)(PPh, )Cl] with cyclohexyl lsocyamde 
with a complex/RNC ratlo of 1.0 proceed according to the reaction. 

C Pt(C,oH,20CH3) (PPh$Cf 1 c+ C6HllNC) 

(I) 
cm, 

When the complex/RNC ratlo 1s 0 5, msertlon of one molecule of isocyanide 
mto the Pt-C o bond of complex (III) takes place (eqn. 1) The in&al conver- 
sion of (I) mto (III) may be a consequence of the overall energy change, since 
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the cyclohexyl isocyamde 1s expected to displace Cl (tmns to a Pt--C o bond) 
rather than C=C (trans to phosphine) Judgmg from relative tram influences. 
However the product ES stable, and apparently does not undergo msertion until 
further reaction occurs. This latter reaction, which take place at a molar ratio 
of complex/isocyamde = 0 5, presumably involves displacement of Cl followed 
by rapid insetion. In the absence of kmebc data one cannot rule out the pos- 
slb&ty that reactlon (1) IS made up of two consecuttve steps of very merent 
rates 

Complex (III) was characterized by elemental analysts (Table l), IR, and 
’ H NMR spectra (Table 2). Its IR spectrum shows the stretching absorption at 
2190 cm-l {cf. Y(NsC) 2188 cm- l 
WH,)lU 161. Th 

for trans-[Pt(PPh, )2 (C&H, 1 NC)- 
IS frequency 1s some 60 cm-l higher than the cor- 

respondmg frequency for uncoordmated lsocyamde 171. The ‘H NMR spec- 
trum shows uncoordmated olefm protons at 7 4 20 and 4.40 ppm 

Complex (IV), a white sohd, was snnrlarly characterized.. Its IR spectrum 
shows a band at 1606 cm-l, charactenstlc of an N=C double bond {Y(N=C) 1604 
cm-1 m tians-[Pt(PPh,),(CH3CNC,H,,)1] )[6] , and a strong absorption at 2205 
cm-1 assigned to v(CrN). Its lH NMR spectrum shows the absorptlons of 
uncoordmated olefm protons at 7 4 20 and 4.40 ppm, whereas the other mam 
features m the spectrum of the rest of the organic moiety are unchanged 
relative to those of the startmg complex [Pt(CroH1 20CH3)(PPh3)C1] 14333 

The course of reaction (1) was monitored by recording the change of the 
IR spectrum of the reaction murture m CH2Cla with time, at complex/RNC 
molar ratios varymg over the range 0.5 - 2 When the ratlo IS greater than umty, 
one single band at 2190 cm- 1 appears, whrch mcreases m mtenslty with tune 
and corresponds to the termmal nocyamde v(C~N) [complex (III)] . For com- 
plex/RNC < 1, a new band at 1606 cm-’ appears along with the 2190 cm-’ 
band, which 1s dlagnostlc of the unmo group ansmg from msertlon of ~socy- 
amde mto the Pt-C IJ bond 

Both (III) and (IV) are non-conductors m CH2 Cl2 The posslblllty of 
catlonic intermediates being produced durmg the reaction cannot be ruled out 
Catiomc complexes such as (VI) were isolated as mtermedlates m the ~ocy- 
amde msertlon reactions (eqn. 2) [6,9,10]. An analogous catiomc mechanism 
was proposed as a general feature of insetion reactlons of Pt” hydndes or 

1.t. 
trans-[PtLz RI] + R’NC _____f trans-[PtLz (CjNR’) R] + I- 

tmns-[PtL, (A = NR’)I J 

I 
(2) 

(L = PMezPh, PPh, , R = CHJ , Cs H5 ; R’ = CHs , Cs HII, CMe, ) 

organo-derivatives [11,12]. Th= mvolves attack of the reagent (olefin, acety- 
lene, CO, isocyanide) on a reactive cationic species (possibly R-Pt+solv) to 
occupy a position tram to the Pt-H or Pt-C bond in a square-planar envrron- 
ment. (Contrnued p 422) 
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Reaction (1) also apphes when para-tolyl lsocyamde 1s used as the reac- 
tant. 

One cannot discount the poss~brhty of a coordmative interaction of the 
ll~lmo nitrogen with the central metal m (IV), as was found for complex (VII). 
In this latter case the lH NMR absorption pattern of the phosphine methyl 
groups is mdicative of five-coordination for platinum [6]. However, a sunrlar 
dragnostic feature is not available in the case of the tnphenylphosplune com- 
plexes (IV) 

I\ /PMe2Ph 
PhMe Pi’\ 2 

;==-,’ 
R 

Reactions of [M(C H I 0 1 2 l OCH,)Cl] 2 with CsH1 I NC 
These chloride-bridged duneric complexes react with cyclohexyl ~socy- 

snide in CH2C12 to give bndge-splitting products of type (VIII). 

[M = Pt, Pd, v(C=N) 2213 and 2204 cm- ’ for the Pt and Pd complex, respec- 
tively.] 

The platmum product could be recovered unchanged after several hours 
heatmg at reflux m chloroform m the dark. This indicates that migration of the 
methoxide group to the coordinate isocyamde did not take place, in contrast to 
the behaviour of the carbonyl complex [5] . 

The platinum complex (VIII) reacts with cyclohexyl lsocyamde in CHs- 
Cl2 to gwe the imino denvative (IX). The IR spectrum of thrs product shows 
one smgle absorption m the terminal rsocyamde region, indrcatmg a trans-lsocy- 
anide configuration. 

The trans-cblonde configuration relative to the metal-carbon o bond III 
complexes (III), (IV), (VIII) and (IX) was based on the presence of an infrared 
band in the 280 - 260 cm-I region, characteristic of v(M-Cl) for Cl tram to an 
M-C CJ bond in this tJrpe of complex [13,14] _ Thus, insertion of isocyamde 
into the metal-chlonde bond [X5] 1s ruled out. 
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(Ix) 

Carbon monoxrde compared wrth rsocyanrde rnsertron rnto metal-carbon 
o bonds 

Insertion reactions of carbon monoxide and lsocyamde mto metal-carbon 
a bonds m complexes of the type [Pt(C 1 o H120CH3 )G’J% KY and WC1 o - 
H1 2 OCHs )Cl] 2 drsplay the followmg features. 

(L) Unhke the carbonyiatlon reaction, the lsonitrlle msertlon permits EO- 
lation of the platinum-lsocyamde bonded complex arlsmg from displacement 
of the olefmlc end by the entermg isocyanide (Scheme 1) 

SCHEME 1 
(*co) 

I 

CH30 

CH30 

(zz). Comparison of the complexes [Pt(C1 OH1 ,0CH3)(CO)C1] (X) and 
[Pt(C1 0 HI 2 0CH3 )(CNR)Cl] (XI) shows that m the carbonyl complex carbon 
monoxide does not displace the olefimc end of the dienyl moiety, whereas an 
excess of RNC does react with the lsocyanide complex to displace the olefin. 
These fmdmgs pomt to both a greater trans labkzmg mfluence and a greater 
coordmatmg abti1t.y toward platinum(II) of RNC than of CO. 

In order to shed some light on these matters m which bonding and reactlv- 
sty factors of these unsaturated groups are mvolved, we are carrymg out reac- 
tions of (X) mth RNC and of (XI) with CO Isocyanide insertions in the 
dunac complexes [M(DleneOCHs)X]2 with vanous &enes are also being 
studied. 
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SCHEME 2 

umdent8fled 

orgamc products 

(L= CN’&H,, , PPh$ 

Reactions of [Pt(CI 0HI 2 OCH, C6 HI I NC)(C, HI I NC)(L)Cl] (L = C,H, I NC, 
PPh,) wrth hydrogen chlorzde 

The reaction of these complexes with hydrogen chlor?de proceeds accord- 
mg to Scheme 2. 

The czs structure for this compound 1s based on the appearence of two 
strong bands in the v(Pt-Cl) regon of the IR spectrum, attrzbuted to czs 
chlorides. The cls confIguration is the most stable for complexes of this type 
WI- 

Experimental 

The compounds [M(C, 0 H1 2 OCHs )CI] 2 and [Pt(C, 0 H1 20CH3 )(PPha )- 
Cl] were prepared accordmg to hterature methods [14,17,18]. All other chem- 
I&S were reagent grade mater& 

Infrared spectra were recorded m the re@on 4000 - 250 cm-’ with a 
Perkin-Elmer 457 spectrophotometer, and m the regon 450 - 80 cm-l with a 
Beckman IR 11. The ‘H NMR spectra were recorded on Perkm-Elmer R20A 
and Bruker 90 MHz mstruments, w&h CDCI~ solutions at room temperature. 
Molecular weights were determined with a HP 302B vapor pressure osmometer. 

Reactrons of [Pt(C, *HI 2 OCHs)(PPh,)Cl] wrth rsocyanrdes 
(a). Cyclohexyl lsocyamde (109 mg, 1 mmol) in benzene (10 ml) was 

added dropwlse to a benzene solution of the complex (655 mg, 1 mmol, molar 
ratio Pt/CNR = 1) at room temperature with vigorous sturmg under nitrogen. 
The mixture was stied for 5 hours. It was then concentrated to low volume 
under reduced pressure, and ether and pentane were added to gwe an oily 
product The supematant liquid was separated by decantation, and the orl was 
dried, leaving an off-white sohd which was washed w&h ether This was re- 
crystallized to give [Pt(C, 0 H, 2 OCHs )(C, H, 1 NC)(PPh, )C1]. 

(b) Snnlarly, but in CH2C12 with a molar ratio Pt/CNR = 0.5, the wlute 
compound [Pt(C, 0 H1 2 OCHs Cs H1 1 NC)(C, H1 1 NC)(PPhs )Cl] 9 WCH, Cl2 was 
prepared. The yellow compound 
C, H4 NC)(PPh, )Cl] 

[Pt(C, 0 H, 2 OCH, -p-CH, C, H4 NC)@-CH, - 
was prepared sirmlarly- 

Reactions of [M(C, Jil, 2 OCri,)Cl] s wrth cyclohexyl isocyanrde 
(a). Cyclohexyl isocyanide (109 mg, 1 mmol) in CH2 Cl2 was added 

dropwise to a ticbloromethane solution of the complex [Pt(C, oH1 20CHs)- 
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Cl] s (394 mg, 0.5 mmol; molar ratro Pt/CNR = 1) at room temperature with 
stnring under nrtrogen. After 1 hour the solution was evaporated, leaving a 
whrte sohd. This was washed with ether and recrystalhzed to gnre the off-whrte 
complex [Pt(C,OH,,OCH,)(C,H, INC)C1]. [Pd(C,0H,20CH,)(C6H11NC)- 
Cl] was prepared similarly 

(b) Under slmrlar expernnental condltlons, using a molar ratio 
M/CNR < l/3 the off-white complex [Pt(C, eH1 2 OCHs CsH1 1NC)(C6 HI 1NC)2- 
Cl] was obtamed. 

Reac tgons of [Pt(C, 0 H, 2 0CH3 )(C, HI 1 NC)(PPh3 )CI] or [pt(C, 0 HI 2 0CH3 - 
C, HI I NC)(C6 HI I NC)(PPh,)Cl] wrth hydrogen chlorrde 

A solution of the complex m benzene was saturated with anhydrous hy- 
drogen chloride at room temperature The concentrated solution was treated 
with ether to give a white product identrfied as [Pt(C6H1 1NC)(PPh,)C12 ] . In a 
snnrlar way, from [Pt(C, .H1 2 OCHs Cs HI 1 NC)(Cs H, 1 NC)2 Cl] the com- 
pound crs-[Pt(Cs H, r NC)a Cl, ] was obtamed, and was ldentlfled by compa- 
rison of its IR spectrum with that of an authentic sample 
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