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Modelling of spectator ligands in homogeneous 
catalytic reactions, especially those mediated by 
organopalladium or -platinum compounds, has thus 
far mainly focussed on mono- and bidentate phos- 
phorus and nitrogen ligands [l-4]. Only a small 
number of organopalladium compounds containing 
tridentate ligands is known [5,6]. Such tridentate 
ligands are interesting from the point of view of 
modelling intermediates in, for example, carbonyla- 
tion reactions. To this end we have prepared the 
novel compounds 1 and 2, which are neutral and 
cationic methylpalladium complexes, respectively. 
These have been structurally characterized and their 
reactivity towards CO has been evaluated. 

Experimental 

Materials and Apparatus 
All manipulations were carried out in an atmo- 

sphere of purified dry nitrogen by using standard 
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N-Pd-Cl 

iPr / 

CH, 

Schlenk techniques. Solvents were dried and stored 
under nitrogen. All starting chemicals were used as 
commercially obtained. (COD)PdC12 was prepared 
according to the literature [7]. The new iPr-DIP 
ligand (la) was obtained in a way similar to ref. 8. 
Terpy (2a) was obtained from Aldrich. ‘H and 13C 
NMR spectra were recorded on a Bruker AC 100 
spectrometer, IR spectra on a PE 283 spectro- 
photometer and mass spectra were obtained on a 
Varian MAT 7 11 double-focussing mass spectrometer, 
fitted with a 10 I.tm tungsten FD-emitter. Elemental 
analyses were caried out by the section Elemental 
Analyses of the ITC/TNO, Zeist, The Netherlands. 

Compounds 

q2,q2-(Cycloocta-1,5diene)(chloro)methyl- 
palladium(II), (COD)Pd(Me)Cl 
This compound was synthesized according to 

ref. 9. ‘H NMR (CDC13) 6 1.15 (s, 3H, CH3), 2.5 1 
(m, 8H, 4 X CH2), 5.13 (m, 2H, =CH cis to CH3), 
5.88 (m, 2H, =CH tram to CH3). Mass spectrum in 
agreement with simulated spectrum for [2M - Cl]” 
m/z 493 for lo6Pd and 35C1. 

(a-N-2-(N-Isopropylcarbaldimino)d-(N-isopropyl- 
carbaldimino)-a-N’-pyridyl~chloro)methyl- 
palladium(II) (I) 
A solution of 265 mg (1 mmol) (COD)Pd(Me)Cl 

and 250 ~1 (1.0 mmol) iPr-DIP (la) in acetonitrile 
was stirred for 5 min at 20 “C. Dark red crystals of 1 
formed immediately after cooling the solution to 
-10 “C. After decanting, these were washed with 
diethyl ether to give 282 mg (0.75 mmol; 75%) of 
dark red crystals suitable for X-ray diffraction, which 
were stored in the dark to avoid decomposition. Anal. 
Found (talc.) for C14H22ClN3Pd: C, 44.65 (44.93); 
H, 5.94 (5.93); N, 11.12 (11.23)%. Melting point 
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Fig. 1. ORTEP view of the molecular structure of 1. Selected bond lengths (A) and bond angles (O): Pd-Cl, 2.324(3); Pd-C(l), 
2.01(l); Pd-N(l), 2.270(7); Pd-N(2), 2.065(6); N(l)-C(6), 1.339(9); C(6)-C(7), 1.46(l); N(2)-C(7). 1.27(l); C(l)-Pd-Cl, 

85.1(3); Cl-Pd-N(l), 102.2(2); N(l)-Pd-N(2), 78.2(3); N(2)-Pd-C(l), 94.2(3); Pd-N(l)-C(6), 107.7(5); N(l)-C(6)-C(7), 
117.5(8); C(6)-(X7)-N(2), 121.8(7); Pd-N(2)-C(7), 114.8(5). 

Cl6 

Cl3 Cl2 

Fig. 2. ORTEP view of the molecular structure of 2. Selected 
bond lengths (a) and bond angles (“): Pd-C(16), 2.041(12); 
Pd-N(l), 2.048(9); Pd-N(2), 2.007(7); Pd-N(3), 2.057(8); 
C(5)-C(6), 1.489(15); C(lO)-C(ll), 1.486(14); C(16)-Pd- 
N(l), 100.6(4); N(l)-P&N(2), 79.8(3); N(2)-Pd-N(3), 
79.8(3); N(3)-Pd-C(16), 99.8(4); Pd-N(l)-C(S), 113.7(7); 
N(l)-C(5)-C(6), 114.8(8), C(5)-C(6)-N(2), 113.5(9X 
C(6)-N(2)-Pd, 118.1(7); Pd-N(2)-C(lO), 118.3(6); N(2)- 
c(lO)-c(ll), 112.5(8); C(lO)-C(ll)-N(3), 116.2(9); Pd- 
N(3)-C(ll), 113.0(6). 

nitrogen atoms; the methyl-carbon atom and the 
palladium atom are exactly confined to one plane. 
The pyridine entities and methyl group make only 
small angles of 1.7” and 0.93 respectively, with the 
coordination plane. The N-Pd-N’ angles are 80”; 
such a narrowing compared to the ideal value must 
be attributed to constraints imposed by the rigidity 
of the ligand, not allowing mutual perpendicular 
positions within the coordination plane. Further, 

all bond lengths and angles are within the range 
normally observed in comparable structural subunits 
(e.g. the [(Terpy)PdCl]+ cation [16]) and the Pd- 
C(16) distance of 2.041(12) A in 2 represents a 
normal Pd-CHa bond. The cationic Pd(II) unit in 2 
is flanked by well-defined chlorine-water strings 
(not shown). There are no intramolecular interactions 
between Pd and any other atom, minimum distances 
being 4.35 A. 

The fact that the Terpy ligand 2a imposes tri- 

dentate coordination, whereas the iPr-DIP ligand la 
coordinates in a u2-fashion can be explained by the 
relative rigidity of the Terpy molecule and the 
associated n-backbonding capacity of its large planar 
molecular n-framework when compared to that of 
iPr-DIP. The conformational rigidity of the Terpy 
system does not allow bidentate coordination of 2a 
to occur, because the third nitrogen atom is held in 
the proximity of the metal centre once two nitrogen 
atoms are coordinated. Any other conformation 
would involve severe steric hindrance of py-ring H 
atoms with the Pd-Me group and/or loss of mutual 
conjugation of pyridine moieties. This constraint is 
not present in la, where restricted rotation around 
the pyridine-to-imine C-C bond is possible. 

Compound 1 is only slightly soluble in benzene, 
THF, acetonitrile and methanol but quite soluble in 
CH2C12 and CHCla. Complex 2 is insoluble in most 
of these solvents and dissolves to a reasonable extent 
only in polar solvents such as water and methanol, 
less in DMSO, but not in nitromethane. In water it 
appeared to be stable during months; even in boiling 
water 2 retained its structural integrity, whereas other 
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compounds of the type L2Pd(Me)Cl (Lz = bipy, 
R-DAB, iPr-DIP, etc) show limited stability toward 
decomposition into Pd(O) and organic compounds in 
solution at room temperature [17]. The solubility 
and stability of 2 in water provides a potential 
opening to homogeneous catalysis in water or to 
phase-transfer catalysis. 

Compound 1 reacts very rapidly and quantitatively 
with CO at -50 “C in deuteriochloroform, yielding 
the acyl-palladium(H) complex (iPr-DIP)Pd(C(O)- 
Me)Cl, as was judged from its ‘H NMR (2.26 ppm s, 
3H for MeC(O)Pd) and IR (v(C0) 1630 and 1650 
cm-‘) spectra. This compound is not very stable in 
solution and decomposes within a few hours at room 
temperature (within 24 h at -50 “C). When com- 
pound 1 is treated with silver triflate in CH,&/ 
pentane, a new compound lb is obtained in solution. 
According to its IR and ‘H NMR spectra this com- 
pound is ((03-N,N’,N”-iPr-DIP)PdMe]+OTf-, in 
which the iPr-DIP ligand is coordinated to palladium 
in the tridentate 03-N,-mode. So, a structural 
analogue of 2 can easily be obtained from 1 using a 
weakly coordinating anion instead of chloride. 
Attempted carbonylation of this complex in CDCI, 
led to immediate decomposition as judged from the 
rapid formation of Pd’. 

Quantitative formation of the acyl complex 
[(Terpy)PdC(O)Me]Cl was achieved at 20 “C within a 
few minutes when incubating 2 with CO in MeOH or 
MeOH-d4 in an NMR tube. Carbonylation of 2 could 
also be achieved in HZ0 as the solvent. In water! fast 
and almost complete carbonylation was acheved 
within 30 min when CO was slowly bubbled into the 
solution. As the conformational inflexibility of the 
Terpy ligand precludes the creation of a free coordi- 
nation site within the coordination plane at Pd(II), 
coordination of CO prior to the formation of the 
acyl-Pd species must involve a five-coordinate inter- 
mediate. The resulting Pd(II)-acyl complex is stable 
with regard to deinsertion of CO, i.e. passing a rapid 
stream of nitrogen through the solution did not cause 
a decrease of the acyl-CH, peak in the ‘H NMR. 

Compound 1 shows fluxionality on the NMR 
timescale; at 298 K the ‘H NMR spectrum at 2.35 
Tesla shows broad resonances due to intermediate 
exchange. The exchange process can be slowed 
down by cooling and at 233 K the limit of slow 
exchange in dichloromethane was reached; two well- 
resolved septets at 3.82 and 4.18 ppm emerge for 
each of the uncoordinated and coordinated 
N-isopropyl methine protons, respectively. The fast 
exchange limit was reached at 333 K in acetonitrile, 
a septet at 4.00 ppm being observed. Similar behav- 
iour of the isopropyl-methyl doublets, pyridyl-H and 
imine N=CH resonances was observed. In the 13C 
NMR, intermediate exchange has been observed at 

298 K as well. Most likely, a process involving an 
on/off movement of the imino groups to Pd is taking 
place. Adding free la to the solution had no influence 
on the dynamics, so an intramolecular exchange 
process is operative. Whether this process proceeds 
through an associative or dissociative sequence has as 
yet to be established. 

The mechanism of the described CO-insertion 
reactions as well as their catalytic implications are 
currently being investigated. 
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