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Abstract 

The reaction of Zeise’s dimer, Iruns-p-dichlorobis(ethylene)platinum(II) chloride, 
with a variety of alkyl-substituted enamines led to complexes of the type cis- 
[Pt(C(2)-enamine)(amine)Cl*], where the enamine ligand is coordinated to the 
platinum(I1) center through its nucleophilic carbon atom (C(2)) and the amine 
ligand is derived from the parent enamine. Analogous palladium complexes were 
prepared. The complexes were characterized by elemental analysis, NMR ( ‘H, 13C), 
and IR spectroscopy. 

Addition of 1 equiv. Ph,P to cis-[Pt(CH,CHCH=NEt,)(Et,NH)Cl,] resulted in 
substitution of the enamine ligand by Ph,P. When 2 equiv. Ph,P were added, both 
the enamine and amine ligands were replaced. Hydrolysis of cis-[Pt(CH,CHCH= 
NEt,)(Et,NH)Cl,] in dilute acetic acid resulted in formation of cis-[Pt(Et,NH),- 
Cl,], through enamine hydrolysis. Possible mechanisms for these reactions and for 
the formation of the complexes are discussed. 

Introduction 

Enamines, or a,P-unsaturated amines, contain several potential binding sites to 
platinum, including both the nucleophilic C(2) and N atoms and the r-system of the 
carbon-carbon double bond. Examples of the above coordination modes have been 
documented for metal complexes of enamines and enamine analogs [l-7]. 
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In preliminary studies performed in this laboratory on the reac~i~w between 
Zeise’s dimer, rruns-C1-dichlnrobis(ethylene)platinum( II) chloride. and I-p>~rolidino- 
1-butene 181. it was observed that coordination of the enaminlr to platirrwn occurrrd 

through the nucleophilic carbon atom, C(1). The complex i~wrncd JISO c.x)nt;linsd :I 

pair of cis-chloride ligands. a> well ;is ;I cocxdinatril a!1Flne. \VlliCh qqx1rellt1~ 

originated from the enamine by hydrolysis. 
In this paptx we report on the synthesis 01 a range 0f platinum(I1) and 

palladium(II) enamine complews of the general structure. xc-[M(C( 2)-enomine)- 
(amine)CI,] (R/I = Pt. Pd), and investigate the reactivity of these compo~~nds touxd 

nucleophilic substitution and h\drolysis. Finall!. we addre~\.4 question:, on the 
mechanism of formation of ik complcwes. specifically on Ihr iwigin ,)I 1 hc ccxrcti- 
natcd amine. 

Experimental 

hl~~teriul~r rrnd methods 
Potassium tetrachloroplatinate was purchased from Johnson-- Matthey and con- 

verted to Zeise’s salt by 9 previously reported procedure /Y]. Zeisc’s salt NX 
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Table 2 

Selected spectroscopic data for enamine complexes 

Complex @H(2)) 
(ppm) ’ 
(R4 = H) 

J(‘95Pt-‘H(2)) 
(Hz) 
(R4 = H) 

S(H(1)) 
(ppm) n 
(R’ = H) 

J(‘=Pt-‘H(1)) 
(Hz) 
(R3 = H) 

v(MpCl) 
(cm-‘) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

_ _ 
4.68(t) 104 
5.39(t) 115 
4.10(m) 88 
4.85(t) 75 
4.68(q) 63 
3.92(m) 91 
4.50(m) 87 
4.98(m) 82 

_ 
3.90(m) 
3.50(m) 

_ 

7.99(s) 56 282, 318 
_ _ 295, 340 
_ _ 268, 330 
7.34(d) 37 290, 330 
_ _ 287, 323 
_ _ 299, 320 
7.55(d) 38 280, 323 
7.43(d) 37 299, 316 
7.29(d) 33 
_ 287, 322 
7.8(d) _ 290, 330 
7.5(d) _ 280, 323 
_ _ 281, 322 

a Relative to TMS in CDCl, solution 

converted to Zeise’s dimer by dissolution in ethanolic hydrochloric acid followed by 
filtration and removal of the solvent [lo]. Palladium(I1) chloride (Alfa) was con- 
verted to [Pd(C,H,)Cl,], by standard procedures [ll]. The enamines employed 
were prepared using either the method of Stork et al. [12] (l-diethylamino-l-pro- 
pene, 3-diethylamino-2-pentene, 1-pyrrolidino-1-butene, l-diisopropylamino-l- 
butene, and 1-diethylamino-1-butene) or White and Weingarten [13] (l-piperidino- 
2-ethyl-1-butene, 1-pyrrolidino-1-cyclopentene, I-pyrrolidino-l-cyclohexene, l-di- 
ethylamino-1-cyclohexene, and 2-diethylamino-3-methyl-2-butene). Diethyl ether 
was distilled from sodium/benzophenone ketyl before use. Toluene was distilled 
from calcium hydride. Aldehydes and ketones were purchased from Aldrich and 
distilled before use. Amines were distilled and dried over potassium hydroxide. 
Triphenylphosphine was recrystallized from 95% ethanol before use. Deuterated 
solvents were purchased from Aldrich and MSD Isotopes. NMR spectra were 
obtained on a Bruker WM250 spectrometer, in either CDCl, or (C,D,),O, as 
specified, with TMS as an internal reference at 0 ppm. 13C spectra were obtained 
under conditions of broad band decoupling. Infrared spectra were recorded on a 
Nicolet 6000 or a Beckman IR20A spectrometer from KBr sample pellets. GC/MS 
experiments were performed on a Finnigan MAT 4610 GC/MS. Elemental analyses 
were performed by Integral Microanalytical Laboratories or by Robertson Labora- 

Table 3 

Selected 13C NMR data for enamine complexes 

Complex 6(C(2)) J(‘95Pt-‘3C(2)) 
(ppm) a (Hz) 

4 27.48 338 
7 37.05 359 

a Relative to TMS in CDCl, solution. 

6(C(1)) J(‘95P1-‘3C(l)) 
(ppm) ’ (Hz) 

158.27 41 
154.52 46 
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platinum-amine complex, cis-[Pt(Et,NH),Cl,], as identified through NMR and IR 
spectroscopy, was obtained as a precipitate during concentration of the solution. ‘H 
NMR (CDCl,): S 1.6 (t, 3H); 3.2 ppm (q, 2H). 

Results and discussion 

The reactions of enamines with Zeise’s dimer, Zeise’s salt, and [Pd(C,H,)Cl,], 
led to complexes containing both a coordinated enamine and an amine derived from 
the parent enamine. This reaction, which was initially reported by Kunin and Brown 
[8], using l-pyrrolidino-l-butene and Zeise’s dimer, has now been found to be 
general for a variety of enamines (Scheme 1). The complexes prepared are given in 
Table 1. The molecular weights of representative members of the series show that 
the complexes are monomers in solution [14]. The spectroscopic data (Tables 2, 3) 
support a structure of square planar coordination about the platinum(I1) center. The 
IR data show that two coordination sites are occupied by a pair of c&chloride 
atoms, and the NMR data demonstrate that the remaining positions contain an 
enamine coordinated through its nucleophilic carbon atom (C(2)) and an amine 
which originates from hydrolysis of an enamine molecule (discussed below). A 
representative structure for these complexes is: 

CL 

I 
R1R2N-M--Cl 

;R’ R2 

cis-[M(C(2)-enamine)(amine)CL2] 

(M = Pt, Pd) 

Spectroscopic data for the palladium complexes (Table 2) are consistent with 
those of the platinum complexes and suggest a structure of cis-[Pd(C(2)- 
enamine)(amine)Cl,] for these complexes. 

In order to investigate the reactivity of these complexes, some general reactions 
were performed. The reaction of cis-[Pt(CH,CHCH=NEt 2)(Et2NH)C12] with tri- 
phenylphosphine, which has a high nucleophilicity toward platinum, was performed 
with Ph,P/Pt ratios of l/l and 2/l. With a l/l ratio, the enamine ligand was 
displaced by a triphenylphosphine ligand, giving the complex, cis-[Pt(Et ZNH)(Ph3- 
P)Cl,]. With a 2/l ratio, both the enamine and amine ligands were substituted, 
yielding cis-[Pt(Ph,P),Cl,] (Scheme 2). The enamine was shown to be the most 
labile ligand in the complex. The amine ligand was the next substituted, rather than 
the chloride ligand trans to Ph,P, a ligand known to have strong truns-labilizing 
ability. This is most likely due to the greater ability of the amine over chloride to act 
as a leaving group in nonpolar diethyl ether solution. 
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As free enamines are easily hydrolyzed back to their aldehyde and amine 
precursors, the acid-catalyzed hydrolysis of cis-[Pt(CH,CHC’H=3N~t~)(tlf:NH)C17] 
was attempted in order to determine whether wordination to platinum affects the 
susceptibility of the enamine to hpdrolybis. Upon hydrolysis c,f the complex m dilute 
acetic acid. a his-amine complex. c,i.s-[Pt( Et ,NH),C’l J \\a:, ohtaincd (Scheme 3). 
The second coordinated amine appears to originate from hydr0lysi.s c~!’ the rfnamin~ 
in the original complex. Hvdrol\sis may occur while the erxm~nc rcmi~~n:, coordi- . 
nated intact to the platinum u.vnplex. with the amine litxr:ittA during h\drolvsih 
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ultimately displacing the platinum-carbon bond, or the platinum-carbon bond may 
first be cleaved, with enamine hydrolysis and amine coordination to platinum 
occurring subsequently. In either case, the resulting complex contains an amine 
coordinated in place of the original enamine, giving the observed bis-amine com- 
plex, cis-[Pt(Et ,NH),Cl,]. 
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Scheme 3 ,“i 

Certain questions on the mechanism of formation of the platinum-enamine 
complexes remain, e.g. where the coordinated amine in the complex arises from, as 
no free amine was present in the original reaction mixture. 

The first step in the mechanism probably involves a bridge-splitting of Zeise’s 
dimer. In this step, two incoming enamine ligands would open the chloro-bridged 
dimer into two c&monomers, and coordinate to platinum through their C(2) atoms. 
This reaction is common in systems containing Zeise’s dimer and nucleophiles 
[15,16]. 

The next series of steps in the mechanism involve displacement of ethylene from 
the platinum monomer and coordination of diethylamine at this site. The loss of 
ethylene was demonstrated in GC/MS experiments where, after trapping the gases 
given off with Br,/CCl,, brominated ethylene derivatives were detected. The 
diethylamine in the complex was shown to arise from hydrolysis of an enamine, as 
both the resulting complex and free propanal (in a l/l ratio) are observed in the 
reaction mixture when the reaction of Zeise’s dimer with 1-diethylamino-1-propene 
is performed in a sealed NMR tube. Although solvents and reagents were dried 
before use, conditions were apparently not stringent enough to eliminate the amount 
of water required to affect hydrolysis. Preliminary experiments conducted under 
vacuum line conditions indicate that in the absence of trace water, an unidentified 
thermally labile species forms and rapidly decomposes. Hydrolysis could occur 
either on a free or coordinated enamine. It is unlikely that hydrolysis of a 
non-coordinated enamine occurs, as the enamines proved to be stable in the diethyl 
ether solution, as shown by NMR. The next step most likely involves displacement 
of ethylene by a second mole of enamine (C(2)-coordinated). This would result in 
formation of a complex with a high electron density on platinum, with the 
instability of this complex promoting hydrolysis of the coordinated enamine. This 
would occur by a mechanism similar to the acid hydrolysis discussed above. As an 
alternative, it is possible that the second incoming mol of enamine displaces 
ethylene and binds to platinum through its amine nitrogen, and that this species 
then undergoes hydrolysis. Other mechanistic routes could also be considered. 
Studies to fully elucidate this mechanism have yet to be undertaken. 

In summary, both the structure and certain aspects of the reactivity of the 
complexes formed from the reactions of enamines with Zeise’s dimer have been 
investigated. The complexes contain a carbon-bound enamine which is reactive 
toward nucleophilic substitution and acid hydrolysis. The amine ligand present in 
the platinum coordination sphere is postulated to arise from hydrolysis of a 
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coordinated enamine. The system has shown to be potentialI\ nch in chrmistr\ at 
both metal and ligand hiten.. 
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