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The ligands 2-(allyl)pyridine(APy), and 2-(1-methallyl)pyridine (l-MAPy) 
react with [Pt, X4 (PE& )* ] (X = Cl or Br), in acetone solution to give complexes 
of the type [PtX(PEt, )L] [PtX, (PEtS )] , (L = APy or l-MAPy), which contain a 

bidentate 2-(alkenyl)pyridine, whereas the same reaction in benzene solution 
gives tmns-[PtBr, (PEt3 )L] , (L = APy or l-MAPy), which contains a monoden- 
tate 2-(alkenyl)pyridine; ’ H NMR spectra indicate that both types of product 
undergo olefin exchange in solution. The same reaction with 2-(3-methallyl)- 
pyridine [Z(2-butenyl)pyridine] (3-MAPy), 2-(3,3-dimethylallyl)pyridine [2- 
(3-methyl-2-butenyl)pyridine] (3,3-DMAPy), and 2-(3-butenyl)pyridine (BPy), 
in either acetone or benzene solution, gives only tmns-[PtBr, (PEt3 )L] . The 
reaction of tram- [PtBr* (PEt, )L] (L = APy or 3-MAPy) with AgC104 gives 
[PtBr(PEt, )L] Cl& . Complexes of the type [PtC& L] , which contain bidentate 
2-(alkenyl)pyridines, result on reaction of L = APy, 3-MAPy, 3,3-DMAPy, BPy, 
MBPy with [Pt2 Cl4 (CZ H4 )2 1. 

Introduction 

Many palladiurm(I1) and platinum(I1) complexes with bidentate, or poten- 
tially bidentate, ligands, which contain a mono-olefin and a wide variety of 
functional groups, are now known [l] _ Platinum(H) complexes containing ortho- 

styryldiphenylphosphine (SPP), (ortho-allylphenyl)diphenylphosphine (APP) 
and the analogous unsaturated dimethylarsine derivatives undergo interesting 
bromination reactions [2] and, in order to investigate the generality of these 
reactions with other less sterically constrained olefinic ligands, we required a 
series of 2-(alkenyl)pyridine platinum(I1) complexes which are now described 
(see Fig. 1). 

Previous work has shown that 2allylpyridine (APy) forms a monomeric 
platinum(I1) complex [PtC12 L] (L = APy) in which both the nitrogen and ally1 
groups are bonded to platinum [3] _ However, this and related 2-(alkenyl)pyri- 
dine complexes, which can be obtained in much higher yield by addition of 
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[RI = R* = R3 = H <APY): [R = H (BPY): 
RI = Me, R2 = R3 = H (l-h¶APy); R = Me (MBPY)] 
RI = R* = H, R3 = Me <3-hfAPY): 

~1 =H,R2 =R3 =Me (3,3-DMAPY)] 

Fii. 1. Abbreviations for 2-(alken~l)ptidhes. 

the appropriate Z-(alkenyl)pyridine to a toluene solution of [Ptz Cl4 (C, H4 )* 1, 
are rather insoluble tid as a result products formed on cleavage of the halo- 
bridged complex, [Pt2 X4 (PEt3 )2 ] (X = Cl or Br) have also been investigated. 

Results and discussion 

The halo-bridged complex [PtZ X, (P%, )Z ] (X = Cl or Br), which is readi- 
ly availabIe [4, 51, is known to react wit-‘: a wide variety of ligands to give mono- 
meric complexes of the type [PtX2 (PEt3 )L] . When the ligand is an amine [6] 
the product is invariably the trans-isomer whereas with carbon monoxide [ 71, 
olefins [7] or tertiary phosphines [8, Q] it is the cis-isomer. The nature of the 
products obtained from the above reaction using 2-(alkenyl)pyridines is found 
to depend on the following. 

(a) Solvent, see eqn. (1). 

Benzene > trans- [ PtX2 ( PEt3 )L] 

W2&Wt3)2 1 +2L (1) 
(L = APy or l-MAPy) 1 Acetone, 

CWW’Et3 PI [RX3 G'Et3 )I 

It should be noted that identical products were obtained from acetone and 
benzene solutions on cleavage of the analogous halo-bridged palladium complex 
witln APy. This product was shown to be trans-[PdX2 (PEt3 )(APy)] . 

(b) The nature of the alkenyl group. Thus in acetone solution eqn. (2 j 
applies. 

= = APY* l-MAPy 

1% “4 (PE’3 )2 ] +=I 

[PtCl( PEt3 )L ] I PtCl3 (PI% 13 

trarzs_[PtC12 (PEt, )L] 

3.3-DMAPY. BPY 

(2) 

Identical products were obtained when L = VPy, 3-MAPy, 3,3-DMAPy or 
BPy on carrying out this reaction in benzene solution. 

The molecular weight and analytical data for all the neutral complexes of 
the type trans-[MXz (PEt, )L] [M = Pd or Pt; X = Cl or Br; L = 2-(alkenyl)pyri- 
dine] are given in Table 1, and both IR and Raman spectra are consistent with 
the presence of an uncoordinated olefinic group and a truns-PtX, configuration. 
The 1 H NMR spectra usually consist of sharp lines and are generally compli- 
cated_ Nevertheless, it is evident from the integration and position of the reso- 
nances that none of the above ligands has undergone isomerisation. However, 
of particular interest is the 1 H NMR spectra of truns-[PtBr, (PEt3 )L] (L = APy 
or l-MAPy). In chloroform solution all the resonances are sharp and in the ex- 
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Zl 2 3 4 5 6 7 8 9 10 

fig. 2. 100 hlHz lH NMR spectrum of tram-[PtBq (PE~~)(_APY)~ in deuterochloroform solution at 25’. 

petted positions except those attributable to the Z-pyridine proton and alkenyl 
protons which are very broad and symmetrical (see Fig. 2); in benzene solution 
these resonances are somewhat sharper but still quite broad. Since, of all the 
pyridlne ring protons, only the 2-proton resonance is broad, this suggests that 
dissociation of pyridine does not occur and that equilibrium (3) is responsible 
for these broad resonances. Support for this comes from conductivity measure- 
ments in nitromethane solution, which gives values typical for l/l electrolytes 
and suggests that complete dissociation of bromide occurs in this solvent. How- 

CHR -CH=CH, _ 

Br- tit- et- 

I 
PEt3 

CL N CHR 

I 
I 

Bl----PPt- 

I 

5” 

=%2 

Br (31 

(R = H or Me) 

ever, in the much less polar solvents, chloroform and benzene, equilibrium (3) 
although facile, must still be in f&our of the non-electrolyte because molecular 
weight determin ations in chloroform solution are not significantly different 
from those expected: much lower values would have resulted if there had been 
a significant concentration of the ionic species. It is significant that the 1 H 
NMR spectrum of tins-[PdX, (PEts )(APy)] (X = Cl or Br) in chloroform solu- 
tion (see Fig. 3) consists entirely of sharp resonances, which suggests that equi- 
librium (3) is not possible for palladium due ti the reduced strength of the 
palladium-olefin bond. 

A related type of interaction of an ally1 group with a metal has been ob- 
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e complexes of the type [PtX(PEt3 )L] [PtX, (PEt+ )] (X = Cl or Br; L = Apy 
s 1-MAPy) obtained on cleavage of the halogen-bridged complex, [Ptz & - 
‘Et, )* 1, in acetone solution. These complexes were character&d in the normal 
%y and analytical and physical data are shown in Table 2. As expected for this 
~rmulation, the molecular weight in chloroform solution is low and decreases 
.th increasing dilution (see Table 2). The ’ H NMR spectra of these complexes 
tegrate correctly and have sharp resonances except for those which are al&i- 
stable to the o&ho-pyridine proton and alkenyl protons: in these cases, the 
:onances are broad and asymmetrical, which is perhaps due to the type of 
,@libria shown in eqn. (5). 

PEt3 
(5) 

R = H or Me 
CHRCH=Cl+ b- 

Br-Pt----Br-----Pt-PEta 

I 1 
PEt3 ar 

On passing an acetone solution of [PtBr(PEt3 )L] [PtBr3 (PE& )] (L = APy 
l-MAPy) down a bromide anion-exchange column, it was possible to isolate 

rns-[PtBr, (PEt3 )L] , which must have resulted from [PtBr(PEt, )L] Br. 
As mentioned earlier, APy has been shown to react with K2 [PtC14 ] to give 

e monomeric complex [PtC12 APy] in which both the nitrogen and ally1 
3up are bonded to platinum [S] . The same complex has now been prepared, 
.t in much higher yield, by reaction (6). 

,c’,(C,H,J, ] + 2APy - I 

i; 

+ 2C2H, (6) 
Cl-PPt- 

I 2 
Cl 

Using this reaction, the related ligands, 3-M APy, 3,3-DMAPy, BPy and MBPy 
e similar complexes (see Table 3). Analytical and molecular weight data sup- 
rt a monomeric formulation and the IR spectra all show the absence of a band 
ca. 1650 cm-’ due to ~((2%) in the free olefin and the presence of a peak at 
1500 cm’-’ which is mainly due to v(C=C) of the coordinated olefin. The.far 
spectra of all these complexes have two intense bands in the region 310-350 
.-’ which can be assigned to +%-Cl) and are thus consistent with a cis confi- 
ation. 
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All the complexes of the type [l?tC12 L] [L = 2-(alkenyl)pyridine] are 
sparingly soluble in solvents with which they do not react. This made it difficult 
to obtain ’ H NMR spectra. However, it was possible to obtain NMR spectra in 
DMSO-d, but it seems probable that replacement of the olefin and/or the pyri- 
dine by the solvent occurs. Nevertheless it was possible to show that the positions 
and intensities of the alkenyl resonances in DMSO-d, solutions of [PtC12 L] 
(4 = APy, 3-MAPy, 3,3-DMAPy, BPy or MBPy) were very similar to the spectrum 
of the analogous free ligand in the same solvent. Thus no isomerisation of 2- 
(alkenyl)pyridine occurs on coordination to platinum(I1) and is thus similar to 
APP 1141, (4-pentenyl)diphenylphosphine [ 151 and (4-pentenyl)phenyl sulphide 
[16] which have all been shown to coordinate in a bidentate manner to plati- 
num(I1) without isomerisation. This should be compared with the reaction of 
APP [14,17] and 2-(alkenyl)pyridines [IS] with Group VIA metals and also 
mesityl oxide with Naz [PtCl, ] [19] _ In all these cases, the metal induces isomer- 
isation in the olefinic side-chain to produce a ligand which can form a stable 
5-membered ring by coordination to the metal. 

Experimental 

Analytical and spectroscopic measurements were made as described pre- 
viously [20] - ’ H NMR spectra at 100 MHz were recorded on a JEOL PS 100 
spectrometer at 25.0”. 

The preparation of 2-(alkenyl)pyridines is described elsewhere [ 181 _ 

Preparation of complexes of the type trans-[PtBr, (PEt,)L], [L = 2-(alkenyl)- 
pyridinei 

On shaking a benzene solution of any of the ligands shown in Fig. 1 (2 mol) 
with PtZ Cl, (PEt3 )Z (1 mol) at room temperature for 18 h, complexes of the 
type trans- [PtBr2 (PEt3 )L] , were obtained as yellow crystals on concentration 
and recrystallisation from benzene/petroleum ether (60/80). 

In the case of L = 3-MAPy, 3,3-DMAPy and BPy, the same complexes, as 

obtained above, were obtained on addition of L (2 mol) to an acetone solution 
of Ptz Cl, (PEt3 )* at either room temperature or ca. 70”. 

In both acetone and benzene solution a ca. 90-95% yield of product was 
obtained. 

Prepamtion of complexes of the type [PtBr(PEt,)L] C104 (L = APy or 3-MAPy) 
Addition of an acetone solution of silver perchlorate (1 mol) to an acetone 

solution of the complex, bans- [PtBr* (PEt, )L] resulted in an immediate preci- 
pitate of silver bromide which was filtered off. Concentration of the filtrate 
gave white crystals which were recrystallised from either acetone/petroleum 
ether (60/80) or benzene/petroleum ether (60/80) to give the product in ca. 70% 
yield; 

Prepamtion of complexes of the type [PtX(PEt,)L] [PtX, (PEt,)] (X = Cl or Br; 
L = 1 -MAPy or APy) 

Addition of APy or l-MAFy (2 mol) to a boiling acetone solution of 
pt2 X4 (PEtB )* resulted in an immediate colour change. After boiling for ca. 
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1 min, the solution was cooled and concentration gave the product which was 
recrystallised from acetone/petroleum ether (60/80), (70% yield). 

Preparation of complexes of the type [PtCl, L], (L = APy, 3-MAPy, 3,3-DMAPy, 
BPy or MBPy) 

Boiling a solution of [P& Cl4 (C, H4 )* ] (1 mol) in acetone/toluene (50/50) 
for ca. 30 min. with the 2-(alkenyl)pyridine (2 mol) gave a yellow precipitate 
of the product. This was filtered off and (when L = AJ?y, BPy or MBPy) reczys- 
tallised from chloroform solution to give the product in ca. 80-90% yield. When 
L = 3-MAPy (50/50, cis/trans) or 3,3-DMAPy, the resulting product was sparing- 
ly soluble in all solvents with which it did not react and this made recrystalli- 
sation impossible. 
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