
E L S E V I E R  Journal af Orgaaomemllic Chemisa'y 533 (1997) 201-212 

Cationic methyl-palladium(II) complexes containing bidentate N " 0 
and P " O ligands and a tridentate P ^ 0 ^ N ligand: synthesis, 

carbonylation and catalytic applications in the copolymerisation of  
carbon monoxide and ethene 

George J.P. Britovsek a, Kingsley J. Cavell ~'*, Melinda J. Green a Frank Gerhards ~, 
Brian W. Skelton b Allan H. White b 

Department of Chemistry. University of Tasmania, GPO Box 252C. Hobart, Tas. 7001, Australia b . . . . .  Department ~f Chemtstrv Umt,ersJlv of Western Austrnha Nediands, W.A. 6907. Australia 

Received 10 September 1996; revised I I October 1996 

Abstract 

Cationic methyl-palladium complexes, containing chelating N-O, P-O and P-O-N ligands, of the ~ {[PdMe(Y-O~L]BF 4} and 
{[PdMe(P-O-N)]BF 4} [Y-O = methylpicolinate. L = PPh 3 , Ph2PCH2COOEt; Y-O = Ph2 PCH 2COOF~ L ~ PPh 3. 2,6-[miff~ae; P-O-  
N ~ diphenylphosphine-aceric ncid-mOhyl-2-pyridylestev (Ph2PCH2CO2CH2(NC5H~-2)) ] have beet. synthesized. The crystal sla-ugna~ 
of the complex {[PdMe(N-O)PPh3]BF,} indicates distorted squase-~lanar coordination around the palladium centa~. The bite angle of the 
methylpieolinate ligand is small [74.8(4Y] and the Pd-N [2.141(9) A] and Pd-O [2.180(7)A] bonds to the ligaad m'e somewha~ eSangaled. 
The complexes rem:t readily with CO to give ~he corresponding ncyl complexes, and wilh the e x ~  of ~PdM~N- 
O)Ph2PCH :COOEt]BF4} catalyse the reaction between CO and ethene at room temperature to give polykeume. 

Keywords: Copolymerisafion: Methylpalladium complexes; Carbon monoxide; Ethylene; Polyketonc; Chelating ligaads 

1. lntrodnctiort 

There has recently been increased interest in the 
alternating copolymerisation of  olefins with carbon 
monoxide to form polyketones [ i -3 ] .  A terpolymer 
formed by the co-reaction of  the ethene, pmpene and 
CO (Carilon ®) is of  particular economic interest, as 
recently production on a pilot-plant scale has been 
announced by Shell [4]. Propene and other olefins have 
been studied with special attention given to the synthe- 
sis of  optically active polyketones [5-8]. 

Diphosphine-containing cationic palladium catalysts 
have been found to be extremely active catalysts for this 

• Concsponding author. 

copolymerisation reaction [2]. N ^ N ligamts have also 
received much attention, especially in studies on the 
mechanism of  the copolymefisafion reaction [2,9-12]. 

As part of  our ongoing investigation into the ca~lyfic 
activation of  small molecules ~ g h  d a wansition metal 
complexes, we investigated ligand influences on the 
carbonylation reaction and the inwamoleonlar olefin in- 
sertion reaction of  hydrocarbyl-palladium(H) and plat- 
inum(lI) complexes [13-16]. The complexes studied 
contained potentially bemilabile anin~tc bidenmte 
N ^ O  ligands, such as pyridine-2-carhaxylate (pyca) 
(A). Subsequent to these modelling studk~, a number of  
nickel(H) analogues were prepared and found to be 
active single component catalysts for ethene oligomefi- 
sation and polymerisafion as well as e thene-CO copoly- 
merisation [17]. Interestingly, these complexes A bear a 
resemblance to the neuWal nickel(H) complexes, such as 
B with anionic bidantate P ^ O figands developed by 
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Keim ~ coworke~ [18,19], which are active olefln 
oligomefisation catalysts. 

Pit.. /.P 

Ph3 P /  "~-0.'~'0 ph3p/Ni~ O ~  ph 
A n 

M = Ni; R = o-tcdyl 
M = Pd; R = Me, Ph 
M= Pt; R = Me, Et 

CadoaJc transition metal alky] complexes have been 

found to be much more reactive than neutral complexes 
in olefin or CO insertion reactions [20]. Therefore we 
were interested in cationic analogues to the complexes 
mentioned above. In this paper we present the synthesis 
of novel cationic methylpalladinm(lI) complexes (3a- 
4b) with potentially hamilahile N ^ O and P ^ O ligands 
(Scheme 1). The reaction of the complexes 3a-4b with 
carbon monoxide is described and the catalytic proper- 
ties in the co-reaction of ethene with carbon monoxide 
have been investigated. 

Tridentate llgands with three different donors P, N 
and O are currently receiving attention in coordination 
chemistry [21-23] and catalysis [24-26]. However, there 
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are no examples in which complexes containing such 
ligands have been applied as catalysts in polyketone 
formation. Consequently, in addition to complexes 3a, 
3b and 4a with P, N ^ O and N, P ^ O ligand systems, 
we synthesized complex Sa, with a novel, potentially 
tridentate, P ^ 0 ^ N ligand diphenylphosphino acetic 
acid methyl-2-pyridylester (1) (Scheme !). The ordering 
of donor atoms in the tridentate ligend was selected as 
this follows exactly that order (NOP) present in the 
previous neutral complexes A [13-17] and cationic 
compounds of type 3a and 3b. 

2. Results and discussion 

2.1. Preparation of ligands and complexes 

Diphenylphosphinoacetic acid methyl-2-pyridylester 
Ph2PCH2CO2CH2(NCsH4-2) 1 was prepared from 
diphenylphosphino acetic acid and 2-pyridylcarbinol us- 
ing the DCC/DMAP (DCC = dicyclohexylcarho- 
diimide; DMAP~ 4-dimethylaminopyridiue) method 
[27]: 

The dimeric cldoro-bridged methylpalladium- 
(lI) complexes 2a-c  were prepared according to reac- 
tion (2), as described by Ladipo and Anderson [28]. 
MePdCKCOD) was reacted with one equivalent of 
phosphine ligend in CH2CI 2. In the case of PPh~ and 
Ph21~H2CO2CH2(NCsH4-2) 1, the resulting com- 
plexes (2a and 2c respectively) precipitated after stirring 
for half an hour. These two complexes are insoluble in 
apolar solvents and only sparingly soluble in CH2C]2, 
CHCI~. acetone or CH3CN, in contrast to the solubili- 
ties of 2a stated elsewhere [28.29]. Complex 2b with 
Ph2]N~H 2COOEr as the ligand is very soluble in CH2CI 2 
and CHC! 3. In spite of the different solubility observed, 
we propose a similar dimeric structure for 2b: NMR and 
IR data do not support coordination of the carhonyl 
oxygen (vide supra). 

2 MeP~:I(COO) + 2 L Pd Pd 
-2coo L / "o" "u~ 

L= :3a 
L : g ~ C O O E t  : 2Ja 
L = t  :2g 

(2) 

The addition of two equivalents of methylpicolinate 
to a suspension of the dimeric complex [MePdPPhsCI] 2 

(2a) in CH2CI 2 at room tempera~re did not ~ in 
bridge-splitting as found for other ligands [30]. Atn~ac- 
tion of the chlom ligand to allow c ~  of the 
methylplcofinate ligand was necessary and was achieved 
by addition of AgBF 4 (Scheme i). NMR spectra re- 
vealed that only one isomer of comph~x 3a was ob- 
tained. This isomer was shown by an X-ray c~ffract~m 
study to have the triphenylpbusphine tlgand trans to the 
pyridyl moiety (Section 2.4). 

The same procedure described for file fonnat~m of 
complex 3a was used to lnepare complexes 3b ami 
4 a - b  s t a r t i n g  f r o m  the  corn  p o u a d  
[MePdCI(Ph2PCH2COOE0] 2 (2b) (Scheme i). Addi- 
tion of 2,6-hitidiue of methylpioolina~ to 2b in CHzCI 2 
caused a coionr change from orange to yellow. After the 
addition of AgBF 4, complexes :~b aml 4s  were 
as yellow solids. Addition of PPhj to a solution of 2b in 
CH2CI 2 resulted in an off-white w e c i p ~ e ,  p t~ab ly  
[MePdPPh3Cl] ~ 2a, due to a phosphine exchange reac- 
tion [30]. Subsequent reaction of the skeny with AgBF4, 
however, gave complex 4b as a deep red solid in almost 
quantitative yield. 

The reaction of AgBF4 with a suspension of complex 
.7~ in CH2CI 2 gave, after filtration to remove AgCL a 
clear pale yellow solution of coax 5a. After removal 
of the solvent, however, the resulting off-white [ ~  
tare could only he partly redissolved. This is pe0t~ely 
due to the formation of d~bueric or uligomen~ species, 
with the tridentate ligend acting as a b~lging l~gand. 
Only the nmnomefic species Sa dissolves. From NMR, 
IR, MS and microanalysis data the sffuctuee drawn in 
Scheme 1 is proposed for 5a. When the reaction of 2e 
with AgBF 4 was conducted in C~13CN complex. 5]~ 
having one CH3CN ligand coofd~aated ~ palladium 
was obCfined. Complex 5b is insoluble in CH2CI 2 or 
CHCI~ but can he dissolved in warm CH3CN. A 
monomeric complex with ligand I adol~ a bidantate 
coordination mode is possible. However, such a swec- 
tore would have an e i g h t - ~  ring. Mote likely is 
the proposed dinuelear complex as depicted in Scheme 
1, with 1 acting as a bridging P ^ N ligaad. Similar 
observations have been made for other p h o s I ~ -  
pyridine and diphosphiue ligands which form large 
rings on coordination to a single metal [23,31,32]. 

2.2. Carbonylation reaclions of methylpalladiura com- 
plexes 3a-4b 

The methyipalladium(lD complexes 3w-4b ate read- 
ily earbunylated at room ternpotatme to give the cone- 
sponding acetyl complexes (m-Tb (Scheme 2). Carbon 
monoxide was bubbled for 5 mill through a solution in 
CDCI 3 in a NMR tuhe. The NMR and IR spectroscopic 
data for the resulting acetyl complexes were 
and a selection of theso data is given in Tables 1 and2. 
Noteworthy is a broadening of some of the methylpicol- 
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inate ligand signals of the acetyl complex 6a  upon 
heating to 50°(2. The broadening can be explained by a 
fast exchange of the coordination positions on the NMR 
fimmcale, i.e. an isomerisafon of  the acetyl complexes. 
Tiffs process is known to occur for square-planar com- 
plexes [9,33]. 

For complex 3a  the carbonylation rate was deter- 
mined by monitoring the formation of the acetyl com- 
pk:x from the decay of the PdCH 3 and increase of the 
PdCOC H s ~ H NMR signals. Under the conditions used 
( T = 2 5 3 K ,  [3a ]=  18mmol1-1 in CDCI 3, P ( C O ) =  
I bar) the rate constant observed was k ' = 9 . 5  x 
10 -4 s - t  ( t l /2 = 12m~n). The rate constant for the car- 
bunylation of  the related neutral palladium(P) complex 
MePdPPh3(pyca) (pyca = 2-pyridine carboxylate) was 
also determined under the same conditions and found to 
be faster, Le. k ' = 2 5 . 9 x  10-4s  -1 ( t l /2=4 .5min) .  
Similar observations and comparative reaction rates have 
b e e n  r e p o r t e d  f o r  n e u t r a l  a n d  c a t i o n i c  
methylpalindinm(H) complexes comaining bidentate 
pyfidyi-imine figands [34], The fact that the neuwal 
complex MePdPPh3(pyca) does not catalyse the copoly- 

merisation of ethene and CO, whereas the cationic 
analogue does, indicates that the carbonylafion step has 
little bearing on the overall catalytic activity, i.e. car- 
bunylatioo is a facile process compared with the coordi- 
nation and insertion of ethene. Moreover, the earbonyla- 
don rate for complex 4b was too fast to be determined 
under the conditions used ( h / :  < 3rain), whereas the 
catalytic activity in the copolyrnerisation reaction is 
lower than for complex 3a. 

2.3. Spectroscopic studies 

2.3.1. IR spectroscopy (Table 1) 
In the IR, coordination of the ester moiety of a 

carboxylic acid ester figand results in a shift of  v(C=O) 
to lower wavenumbers. For phosphinocarboxylic acid 
ester figands Av(C=O)  = 8 0 - 1 0 0 c m - '  [35]. From the 
IR data for free ligand [36] and for the complex 3a, tb,~ 
resulting shift Av(C=O)  for the methylpicofinate lig- 
and is 50 -60cm -I  upon chelation. IR data in Table 1 
show that in complexes 4a [A ~(C=O) = 94 cm - l  ] and 
4b [Av(C=O)  = 9 7 c m  -1] the P ^ O  ligand acts as a 
bidentate figand. In complex 3b, however, the methylpi- 
colinate ligand is the stronger chelating ligand, leaving 
the P ^ O figend as a monodentate ligand. 

The difference between the IR stretching frequency 
[Ao(C=O)]  for complex Sa and the free figand 1 is 
76cm -m, indicating that the carbonyl oxygen is coordi- 
nated to the palladium centre in Sa. For complex b'b, 
with Av(C=O)  = - 5 c m  -~, it is apparent that the car- 
bonyl oxygen remains uncoordinated. The negative value 
is ascribed to the different solvent effects of CH2CI 2 
and CH3CN. 

2.3.2. NMR spectroscopy (Table 2) 
With the exception of complex 4b, the I H NMR 

spectra of complexes 2 b - S b  show the palladium methyl 

Table 1 
IR dam [v(C=O)] for complexes .~-7b" 

Compound v(C=O)/cm-i (free ligand) ~,(C=O)/cm- 1 (complex) Av(C=O)/cm- ' v(C=O)/cm- L (PdCOMe) 
21b 1732 1728 4 
~1 1726 1671 55 
~,  1726(COOMe) 1669 57 

1732 (COOEt) 1731 I 
4a 1732 1638 94 
4b 1732 1635 97 
$~t 1731 1655 76 
51b 1731 1736 b - 5  
(m 1726 1673 53 
llb 1726(COOMe) 1673 53 

1732(COOE0 1726 6 
7a 1732 1641 91 
"/b 1732 1639 93 

1721 
1715 

1710 
1714 

In CHzCI 2 solmlon. 
In CH ~CN solution. 
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Table 2 
Selected ~H, '3C and 3, p NMR dam for complexes 2b-7b ~ 

2 ~  

Compound 'HNMR '~C NMR 13C N~[~ t3c ~M]~ 3~P N ~  
~(PdCH3OrPdCOCH ~ ) ~(PdCH~ m" PdCOCH~) 8(C=O) PdCOCH~ ~(C=O) ~ 8(Jt, v i~ Hz) 
(Jtw in Hz) (J.p in Hz) ($cPia Hz) 

2b 0.65 (d, 2.5) 6.7O 168.3 27.7 
3a 1.09 (d, 1.4) 5.74 171.3 35.8 
3b 1.02 (d, 1.8) 4.26 170.1 (R = Me) 26.3 

167.9(R = E0 
4@ 0.40 (d, 3.3) -0.07 173.9 24.2 
4b 0.70 (t, 5.8) 0.56 181.6 05) 24.5, 16.6 

(381) 
:~t 0.68 (d, 2.1) 0.42 180.2 b 27.7 b 
b'b 0.52 (d. 3.0) c 0.21 c 170.3 c 32.1 c 
6a 2.25 (d, t.7) 35.6 (d, 9.8) 221.0 170.3 24.2 
6b 2.24 36.2 (d, 15) 221.3 168.8 (R = Me) 14.5 

168.00t = EO 
7a 1.80 37.0 (d, 24) 222.5 172.7 12.4 
7b 1.700, 1.7) 36.6(0., 18) 219.4 179.1 (13) 17.6,6.61 

(245) 

In CDCI~. 
b in CD2C12" 
c In CD3CN. 

resonance, which aptgars between 0.4 and !.1 ppm, as a 
doublet due to coupling with the phosphorus atem in the 
cis position. For complex 4b this signal appears as a 
virtual triplet, which can be explained by assuming 
similar coupling constants with both phosphorus atoms. 
The or-methyl signals of complexes 3a  and 3b which 
contain the chelating N ^ 0 figand are shifted downfield 
by 0.5 ppm compared with complexes 4a  and 4b, and 
also when compared with complex ~nt which has the 
chelating P ^ O figand. A similar shift of  ca. 5 ppm is 
observed in the '~C NMR specm~m. Interestingly, the 
13C ~v~[R signals for the or-methyl ligami appear as a 
singlet with no phosphorus coupling, whereas the acyl 
methyl group in the acetyl complexes appears as a 
doublet. 

3~p NMR reumances for the phosphine ligands me 
shifted downiield by ca. 40ppm when comdinau:d trans 
to a pyridyi figand. For complex 4b the shift for each 
phosphiue ligand is less (ca. 30ppm), which must be 
ascribed to the different trans influence of  phosphi~s. 
Carbonylation of  the alkyl complexes to give acetyl 
complexes results in a general upfield shift of  ca. 
10ppm, indicating significantly different c/s effects of 
the alkyl and aretyl ligands. 

2.4. Solid-state structure o f  complex 3a 

Crystals of complex 3a  suitable for an X-ray struc- 
ture detenniuetion were obtained by slow diffusion of  
dicthylether into a chloroform solution of  3a. Table 3 
lists selected bond distances and bond angles and Table 
4 provides non-hydrogen atom coordinates. The strec- 
tore of the cation 3a  is presented in Fig. I. 

The complex has the expected s q m ~ p l a n a r  c e e ~  
nation around the palladium metal. The melhyl gnmp b 

to the oxygen donor [O(21)] and c/s to the 
pho~ph~ ngand and ~e  p,mdyl a lm~m dmec C o ~  
parison of  the cationic complex 3a  with the analogoas 
n e ~  ~ t~p~3(py,=) (p~-2-pyamae 
carhexylate) shows some inamming diffenmces [37], 
The neutral memytpicolina~ figand t m  a n ~ i v d y  
small bile angle o f  74.8(4p c o m ~  with the aaionk 
picotieatc 5gand [TS.22(W]. in addiaon, the Pd-N and 
Pd-O distances of 2.141(9) and 2.180(7)A n~pectively 

114(2)A for Pd-N and 2.134(2).A. far  Pd-O].  This 
indicatcs a wcaka- intcraction hetwcon tbc N ^ O l i p a d  
and the metal cez~e for complex 3a. l a  l~t~ce~r,  dte 
P d - O  bomt, which is believed to be the weabest in the 
complex. ~ ~ g ~ c a ~ y  la~er. "the wearer 
bond does not appear to iml~ct signiflcamly on the 

Table 3 

IM-I~I) ~ 3 )  (~2)-.C~21) 1.4~2) 
Pd-N(I) 2.141(9) C{2)--~3) 1.34(2) 
Pd-O(21) 2.1~7) C(3)-4~4) 133(2) 
~--C(O) 2.0~D ~21)--¢X21) L22(2) 
N(1)-c(2) 1.31(2) C(21).-0(22) 1..~(2) 
N{I)-C'(6) L33(2) O G 2 2 ~ )  !.4~2) 

P(I)-Pd-N(I) 174.7(3) Pd-N(I)-C(2) 117.0(8) 
I~I)-IM-O(21) 99.g(2) N(I)-~2)-C(2I) 112(I) 
P(I )-Pd-C(O) 88.3(3) C(2)-C(21)-0(21) 122(I) 
N(I)-I~-O(21) 74.8(4) IM-O(21 )-C(21) 113.~q) 
N(t)-Pd--C(O) 96.9(4) Pd-N(i )-~6) 129'.5(9) 
O(21 )-Pd--C(O) 171.5(4) O(21)-C(21)-O(22) 121(1) 
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T~¢ 4 
No~-hydrogen positional and isntropic displacement parameters 

Pc] 0.66630(4) 0.54205(4) 0.56314(6) 0.062u(3) 
P(I) 0.7381(1) 0.5431(2) 0.6830(2) 0.058(1) 
COIl) 0.7135(6) 0.5940(6) 0.7866(8) 0.063(5) 
C(112) 0,6585(5) 0.6386(5) 0.7818(7) 0,059(4) 
C(II3) 0.6367(6) 0.6763(6) 0.863(1) 0.074(5) 
C(114) 0.6681(7) 0.6674(6) 0.9468(9) 0.075(5) 
C(II5) 0.7245(6) 0.6227(7) 0.9527(8) 0.080(5) 
C(116) 0.7457(6) 0.5845(6) 0.8727(9) 0.073(5) 
C(121) 0.8220(5) 0.5686(5) 0.6493(8) 0.058(4) 
C(122) 0.8607(7) 0.6166(6) 0.7020(8) 0.076(5) 
C(123) 0.9255(7) 0.6352(7) 0.668(I)  0.095(6) 
C(124) 0.9485(7) 0.6034(9) 0.584(i) 0.111(8) 
C(125) 0.9092(8) 0.5579(8) 0.5335(9) 0.103(7) 
C(126) 0.8473(6) 0.5420(7) 0.5662(9) 0,091(5) 
C(131) 0.7442(6) 0.4548(6) 0.7319(7) 0.056(4) 
C(132) 0.6886(6) 0.4274(6) 0.7793(8) 0.068(5) 
C(133) 0.6873(6) 0.3557(8) 0.8085(8) 0,084(61 
C(134) 0.7409(8) 0.3113(6) 0.785(1) 0.082(6) 
6"(135) 0.7941(7) 0.3361(7) 0.7384(9) 0.080(6) 
C(136) 0.7967(6) 0.4099(6) 03107(7) 0,067(5) 
N(I) 0.5958(4) 0.5306(6) 0.4491(7) 0.076(4) 
C(2) 0.5681(6) 0.4679(8) 0.4381(9) 0.070(5) 
C(21) 0.593.5(7) 0.4152(8) 0.507(1) 0.094(7) 
O(21) 0.6324(4) 0.4319(4) 0.5708(6) 0.075(3) 
0(22) 0.5724(6) 0.3501(6) 0.4984(7) 0.145(5) 
C(22) 0.597(1) 0.2925(7) 0.562(1) 0.19(1) 
C(3) 0.5222K6) 0.4494(8) 0.372(I) 0.092(6) 
C'(4) 0.4992(9) 0.498(I) 0.311(I) 0.122(8) 
C(5) 0.5268(8) 0.560(I) 0.313(1) 0.123(9) 
C(6) 0.5744(7) 0.5787(8) 0.387(I) 0.108(7) 
C(O) 0.6915(6) 0.6445(6) 0.5365(9) 0.097(6) 
B " 0 .516(2)  0.774(2) 0.637(2) 0.146(9) 
FO) 0.5371(7) 0.7651(8) 0,725(I)  0.283(9) 
F(2) 0.5393(8) 0.8363(7) 0.6236(8) 0.257(9) 
F(3) 0.4542(5) 0.7731(7) 0.6437(7) 0,215(7) 
[:(4) 0.5419(5) 0.7386(7) 0.576(1) 0.31(1) 

• ~ c  thermal panuneter. 

trans Pd-CH 3 bond~ as it is of similar length in both 
complexes [2.02(1)A in the cationic complex versus 
2.021(3)A in the neutral complex]. The metal to phzs- 
phorus distance is significantly shorter in the cationic 
complex [2.208(3)~k] compared with that in the neutral 
complex [2.2303(6) A]. 

2.5. Copolymerisation o f  ethene and carbon monoxide 

Copolymerisation reactions of ethene with carbon 
monoxide were carried out in CH2CI 2 or CHCI 3 under 
2Obar each of CO and ethene (40bar total pressure). In 
Lr~']2C|2 each of tl~ complexes 3a-$a ,  with the excep- 
tioo of 3b, catalyses the copolymerisation of ethene and 
CO to alternating polyketone. Similar results are ob- 
tained in CHCI 3 (run I vs. run 2). Chloroform was used 
for experiments at higher temperature. After the given 
reaction time the polyketone was collected on a flit, 
dried and weighed. The alternating structure of the 

polyketone was confirmed by microanalysis, IR and ] H 
and =3C NMR. Keim et al. [38] have recently reported 
the formation of oligomefic products from CO and 
ethene. Analysis of the filtrate showed that no ofigomeric 
products were obtained under the reaction conditions 
used here, possibly due to the higher ratio of CO to 
ethene (20:20 bar) employed in our work. In the absence 
of CO, dimerisation of ethene to butenes occurs. The 
presence of methanol inhibits the polymerisation reac- 
tion with these complexes (run 5), and trace amounts of 
methylpropionate were detected in the reaction solution. 
Methylpropinnate has also been observed in the pres- 
ence of methanol, for catalysis with palladium(H) com- 
plexes containing monedentate ligands [39]. 

Catalytic results are listed in Table 5. Catalytic activ- 
ities are expressed in terms of the turnover number 
(TON), the total number of moles of substrate (CO and 
ethene) converted per mole of catalyst during the exper- 
iment. Results are also expressed in the unit gram 
polyketone per gram palladium, g(PK)/g(Pd). 

Complex 3a, with PPh 3 and the pyridyl figand in 
trans positions, gives the best results regarding activity 
and catalyst stability. Substitution of PPb 3 by the more 
basic alkyldiphenylphosphine Ph2PCH2COOEt, com- 
plex 3b, results in an inactive catalyst. At higher tem- 
peratures (60°C) only traces of polyketone are formed 
with complex 3b. This result follows the trend observed 
in the carhonylation of neutral Pal(H) complexes 
MePdPR3(pyca) (pyca = 2-pyridine carboxylate). These 
complexes do not catalyse the copolymerisation reac- 
tion, however they can be carhonylated to give acetyi 
complexes. The carhonylatiun rate decreases as the 
basicity of the phosphine figand is increased, e.g. from 
PPh 3 to PEt 3 and PCy 3 [16]. 

When the pyridyl ligand is not part of a chelate but a 
monoden ta te  i igand and  the P ^ O l igand 
Ph2PCH2COOEt takes on the bidentate coordination 
mode as in complex 4a, catalytic activity is resumed. A 
further increase in catalytic activity is obtained when 
the monodentate pyridyl ligand is replaced by PPh 3, as 
in complex 4b. However, comparison of complex 3a  
and 4b shows that the N ^ O ligand yields a better 
catalyst than the P ^ O ligand, which may be explained 
in tenus of increased stabifity of complex 3a  provided 
by a stronger chelating N ^ O ligand. 

All three ligand donor types are combined in the 
trideutate P ^ O ^ N figand 1 in complex Sat. The com- 
plex shows a catalytic activity somewhere between 
complex 3a  and 4b and is one of the first examples of a 
complex with a tridentate figand demonstrating activity 
for polyketone formation. However, from runs 14 and 
15 it can be seen that the instability of the complex 
leads to a fast decomposition and catalysis ceases at an 
early stage. As mentioned previously, in solution com- 
plex Sa forms oligomeric species which are insoluble in 
CH2CI 2. 
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Compared with cationic palladium catalysts with 
bidentate P ^P figands, activities of these complexes 
for polyketone formation are low. However several 
conclusions can be drawn from these studies which may 
contribute to a better understanding of the copolymeri- 
sation reaction. 

Table 5 
~ / C O  copolymedsation gesults for complezes &t-fat 
Run Catalyst n Reaction condJfims ~ Results 

(nmml) Tempmatm~ Time TON g(PK)/ 
("c) (h) g(Pd) 

I & 0.097 20 I 41 21 
2 &t b 0.093 20 I 42 22 
3 ~lt 0.093 20 20 115 60 
4 &t b 0.093 80 1 163 86 
5 ~ t  c 0.087 20 I 0 0 
6 31. 0051 20 I 0 0 
7 3k* b 0.051 60 I 

of PK 
8 4a 0.054 20 1 7 3 
9 41, 0.049 60 1 14 6 
10 4kl 0.237 20 20 22 I I 
II 4b 0.103 20 1 18 9 
12 41. b 0.093 60 1 35 18 
13 411 0.109 20 20 72 38 
14 fm 0.018 20 I 30 16 
15 ~* 0.10 20 20 40 21 

' Conditions: ,lOnd CH2C12; ~ / ~ C O ) = 2 0 b ~ ,  initial 
f ( ~ ) =  ~0~. 
" 4 0 m l  CHCI 3 . 
c 20ml CH2CI2/20ml MeOH. 

For catalytic systems using bidemae: ligmds it is 
gee'ral ly  agreed that tlm catalytic species in tim ctqpoly- 
merisafion reactiou can be r e l w - ~ e d  by smgtme L 
containing a chelate (L ^ L), the growing polymer chaia 
(P) and a "vacant' c o o ~  site usually occupied by 
a monomer figamL i.e. CO eg etheM, bt the abseEe of  
moncm~ this "vacant" pos/l/oa may be occupied by a 
weakly ~ s o h ~  mo~.d~ The g m w ~  
polymer chain and the monomer are always cis to each 
other, w h i ~  is the most favomable peddeu f ~  migra- 
tory insertion reactions. 

C \ p d / p  ( L \ F ~ / ' P  

I H 

Comidexes 3a -4b  do Bx  c o m m  s a ~  co~dinm- 
ing bidemate figands. The hemilab~ N ^ 0 md P ^ 0 
figands have one weakly c o e ~  oxygen doam', 
which can dissociate during the comse of the reac~n.  
There is also evidence m suggest that the ~ 
ligand L may also dissociate [14]. A ~ ,  the 
sauclm~ of these complexes becomes simihr m thal o f  
IM-alkyl complexes with moeodemate ~ and c a  
be ~ . t m ~ s e ~  by struom~ I£ A trmu odemmiee of 
me t ~ e l p y ~ e  ngaads is ~ e f e n ~  ~et~bJy 
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primarily for electronic reasons in that it avoids the 
unfavourable situation of pbosphorus trans to an alkyl 
group. Consequently, the growing polymer chain and 
the incoming monomer am also trans to each other. 
Under catalytic conditions a cis / trans  isometisation is 
therefore necessary to place the growing chain and 
monomer c/s to each other. Recently we have presented 
strong evidence for such a mechanism [40]. 

3. Experimental section 

3.1. General remarks 

All reactions and manipulations were carried out 
under d ~ ,  oxygen-free nitrogen using standard Schlenk 
teelmiqnes. All solvents were dried and purified by 
standard methods and freshly distilled before use. 
N,N'-dicyclobexylcarbodiimide (DCC) was distilled be- 
fefe use. The starting materials MePd(COD)CI [41], 
Ph2PCH2COOH [42], Ph2PCH2COOEt [43], were syn- 
thesized according to known methods and fully charac- 
terized by muhinuclear NMR and IR spectroscopy. 

Nuclear magnetic resonance (NMR) spectra were 
recorded on a Bruker AM-300 or a Vadan Gemini-200 
NMR spectrometer. Chemical shifts (6 )  are reported in 
parts per million relative to internal TMS (IH, ~3C) or 
external 85% H3PO 4 (31p). Infrared (IR) spl~tra were 
recorded on a Bruker IFS-66 FI'IR spectrometer. 
CH2C12 solutions were used in the mid-lR range 
( ~ c m - l ) .  Liquid secondary ion mass spec- 
troscopy (LSIMS) measurements were recorded on a 
Kratos Concept ISQ spectrometer using 10kV caesium 
ions as the primary beam, 5.3kV accelerating voltage 
and scanning m / z  of 1400 to 100 at 2s /decade  (reso- 
lution 1000). Samples were dissolved in m-nitrobenzyi 
alcohol. Mieroanalyses were performed by the Central 
Science Labo~tory, University of Tasmania on a Carlo 
Erba CHNS-O EA elemental analyzer. Gas chromatog- 
raphy analyses were performed on a HewleR Packard 
5890 gas chromatograph f i red  with an SGE 
50QC3/BP141.5 capillary column. 

3.2. Structure deterrainations 

A unique room-temperature diffraetometer data set 
(T ~ 295 K; Enraf -Nonius  CAD-4 instrument, 
monochromatic Mo Kct radiation, A = 0.71073/~,; 2 0 / 0  
scan mode; 20m~ ~ = 50") as measured yielding 4252 
independem reflections, 2019 with 1 > 3 o ' ( 1 )  being 
considered "observed" and used in the full-matrix least- 
squares refinement (n~ = 321) after Gaussian absorp- 
tion correction and solution of the structure by the 
heavy atom method. Anisotropic thermal parameters 
were retired for the non-hydrogen atoms (B excepted), 
( x , y , z , ~ o )  n being constrained at estimated values. 

Conventional residuals on IFI at convergence 
( A / , r ) m ~  =0.04;  I P],~x ffi 0 .49eA-3;  R and R w both 
0.053; statistical weights were derivative of o ' 2 (1 )=  
o" 2(ldiff) q- 0.00040"4(]dif;). Neutral atom complex scat- 
tering factors were employed, computation using the 
XTAL 3.2 program system implemented by Hall [44]. 
Pertinent results are given in the figures and tables; 
material deposited comprises sWacture factor ampli- 
tudes, thermal and hydrogen atom parameters and full 
molecular geometry. Apparent thermal motion was high 
in the vicinity of the anion but no disorder was resolv- 
able. 

3.2.1. Crystal/refinement data 
[Pd(Me)(Me-picolinate)(PPh3 )]BF 4 =C2~H2sBF 4- 

NO2PPd, M = 6 0 7 . 6 8 .  Orthorhombic, space grou, p 
Pbca, a = 19.934(3), b = 18.788(6), c = 14.033(4)A, 
V =  5255(2)A ?, D~(Z= 8) = 1.536gcm-3; F(000) = 
2448. ttMo = 8.2 cm-~;  specimen 0.20 × 0.40 × 
0-43mm3; A~ni . . . . .  = 1.15, 1.25. 

3.3. 12gand synthesis 

3.3.1. Diphenylphosphinoaceticacid-2-picolylester, 
Ph2PCH2COOCH2NCsH 4 (1) 

To a solution of Ph2PCH2COOH (2.00g, 8.2retool) 
in 10ml CH2Ci 2 were added 4-dimethylaminopyridine 
(DMAP) (30rag)  and 2-pyridylmethanol (0.89g,  
8.2mmoi). After the addition of N,N'-dicyelohexyl- 
carbodiimide (DCC) (1.75 g, 8.5 retool) at 0°C the reac- 
tion mixture was stirred for 5 rain at 0 °C after which a 
white precipitate formed. The mixture was stirred for 
another 12 h at room temperature. The precipitated urea 
was filtered off and the solvent removed in vactm. The 
residue was treated once more with cold CH2CI 2 and 
filtered a second time to remove further precipitated 
urea. The ester (1) was obtained as a white to pale 
yellow oil. ~H NMR (200MHz, CDCI3): 8 8.54 (d, IH, 
J = 4 . 0 H z ,  6-pyr-H), 7.65-7.05 (m, 14H, H ~ m +  
Hpyr), 5.16 (s, 2H, OCH2), 3.25 (s, 2H, PCH2).-13C 
NMR (75 MHz, CDCI3): 8 170.8 (d, J = 7.9 Hz, C =O), 
156.2-122.1 (C~ m + Cpyr), 67.8 (OCH2), 35.8 (d, J = 
22Hz, PCH2). ~'iP NMR (121 MI'Iz, CDC]3): ~ - 18.3. 
IR (CH2CI2): F(C=O) 1731cm -~. Mass spectrum: 
m / z  335 [M] +, 126 [Ph2PCH2CO] + 

3.4. Synthesis o f  alkyl complexes 

3.4.1. [MePd(PPhj)CI] 2 (2a) 
To a solution of MePd(COD)CI ( l .19g,  4.49mmol) 

in 10ml CH2CI 2 was added one equivaient of triph- 
enylpbosphine ( l .18g,  4.46mmol). The mixture was 
stirred for 0.5 h at room temperature, during which time 
a white precipitate formed. The yellow product was 
filtered off, washed with CH2CI 2 and dried in vacoo. 
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No suitable solvent was found to dissolve the product. 
Yield 93%. Anal. Found: C, 54.52; H, 4.43. 
C19HIaPPdCI Cale.: C, 54.44; H, 4.33%. 

3.4.2. [MePd(Ph 2 PCH 2 COOEt-~r t .P)Cl] 2 (2b) 
To a solution of MePd(COD)CI (1.45 g, 5.5 retool) in 

10ml CH2C12 was added one equivalent of 
Ph2PCH2COOEt (1.49g, 5.5 retool). The mixture was 
stirred for 0.5 h at room temperature, during which time 
the colour changed from yellow to oxange-red. The 
volume of the solution was reduced to ca. 3 rid. After 
addition of 20 ml hexane, the product was separated and 
washed with hexane. The orange product is soluble in 
CH2CI ~, in contrast to the corresponding complexes of 
PPh3 or diphenylphosphinoaceticacid-2-picolylester. 
Yield 99%. Anal. Found: C, 48.02; H, 4.86. 
C~H20PO2PdCI Caic.: C, 47.57; H, 4.70%. tH NMR 
(300MHz, CDCI3): /$ 7.82-7.40 (m, 10H, ArH), 3.86 
(q, 2H, JffiT.1Hz, OCH2), 3.55 (d, 2H, J ~  9.TI-Iz, 
PCH2), 1.01 (t, 3H, J ffi 7.1Hz, CH2CH3), 0.65 (d, 
3H, J =  2.51-Iz, PdCH3). ~3C NMR (75MHz, CDCI~): 

168.3 (CO), 134.5-129.0 (ARC), 61.8 (OCH2), 35.6 
(d, J ffi 22Hz, PCHz), 14.5 (CH2CH3), 6.7 (PdCH3). 
~P NMR (121MHz, CDCI~): ~ 27.7. IR (CH2CI2): 
o(C=O) 1728cm -~. 

3. 4.3. [MePd( Ph z PCHaCOOCH2 NC~ H ¢-g ~-P )CI],. (2c) 
To a solution of MePd(COD)CI (0.58g, 2.21 retool) 

in 10mi CH2CI 2 was added one equivalent of 
diphenylphosphinoaceticacid-2-picolylester (0.74 g, 
2.21 retool). The mix,me was stirred for 0.5h at room 
temperature giving a white precipitate. The mixture was 
filtered and washed with CH2CI 2. No suitable solvent 
was found to dissolve the white product. Yield 67%. 
Anal. Found: C, 46.19; H, 3.96; N, 2.46. 
[C2tH2~O2PNPdCI]2-2CH2CI2 Calc.: C, 45.78; H, 
4.02; N, 2.43%. 

3.4.4. [MePdPPh~(2-NCsH4COOMe-~2-N,O)IBF4 (3a) 
To a suspension of [MePd(PPh3)CI] 2 (2a) (1.628, 

1.93 retool) in 20ml CHzC12 was added two equivalents 
of methylpicolinate (0.538, 3.86retool). The mixture 
was stined for 0.5 h at room temperature and then 
added to a suspension of AgBF 4 (0.81 g, 4.16retool) in 
lOmi CH~CI2 at room temperature. After stirdng for 
I h at room temperature the AgCI was filtered off 
through Celite yielding a pale yellow solution. The 
solvent was evaporated and the product washed twice 
with hexane and dried in vacuo to give a yellow sofid. 
Yield 91%. Anal. Found: C, 51.58; H, 4.16; N, 2.45. 
C26H25PNO2Pd~F4 Calc.: C, 51.39; H, 4.15; N, 2.30%. 
t H NMR (200 MHz, CDCI3): 6 8.72 (d, 1 H, J = 5.0 Hz, 
pyr-H6), 8.30 (br s, 2H, pyr-H4'5), 8.01 (br s, IH, 
pyr-H3), 7.63-7.42 (m, 15H, ArH), 3.93 (s, 3H, 
OCH3), 1.09 (d, 3H, J =  1.4Hz, PdCH3). t3C NMR 
(75MHz, CDC13): 6 171.3 (CO), 148.5, 146.0, 141.3, 

131.6, 128.1 (pyridyl carbons), 134.2-128.7 (ARC), 
55.8 (OCH3), 5.74 (PdCH3). 31p NMR (121MHz, 
CDCI3): # 35.8. IR (CH2C12)'. ~C=O) 1671cra -1. 
MS (LSIMS) fox the cation: m / z  520 [M] ÷, 383 
[ M-NCsB4COOMe] +, 277 [Ph3PMe] +. 

3.4.3. [MePdPh2PCH2COOEI(2-NCsH4COOMe.K"- 
N,O)JBF~ (3b) 

To a solution of [MePd(Ph2PCH2COOEt-KI-P)CI]z 
(2b) (0.308, 0.35mmol) in iOml CH2C] 2 was 
two equivalents of methylpicolinate (0.0968, 
0.70retool). After stimng for half an hour the coloug 
changed from orange to yellow. This so im~ was then 
added to a s ~ i o n  of AgBF 4 (0.178, 0,871mnoi) in 
10ml CH2CI 2 at room temperattm~. Aft~ 5min 
mixture was fdtered through C.elite and the soh~at 
reduced in vacuo and the yellow pmdnct laecilpima~ 
with hexane. Yield 79%. Anal. Found: C, 46.54; H, 
4.70; N, 2.50. C~H27PNO4PdBF 4 Calc.: C, 46.67; El, 
4.41; N, 2.27%. ' H  NMR (200MI-Iz, C-'DCI3): ~ 8.70 
(d, 114, Jffi4.8Hz, pyr-H6), 8.30-7.80 (m., 3I-1, pyr- 
HX4"s), 7.78-7.46 (m, 101-1, ArH), 4.04 (s, 3EL OCH3), 
4.03 (q, 214, J ffi 7.1Hz, OCHz), 3.65 (d, 214, Jffi 
II Hz, PCH2), 1.08 (L 3H, Jffi7.1Hz, CH±CH3), 1.02 
(d, 3H, J = l . S H z ,  PdCH3). t3C NMR (75Ml-lz, 
CDCI3): 8 170.1 (COOMe), 167.9 (COOEt), 149.6- 
128.1 (ArC and pyr-C), 62.4 (OCH2), 55.6 (OC!t3), 
34.7 (d, Jffi27Hz, PCH2), 14.4 (CH2CH3), 4.26 
(PdCH3). 31p NMR (121MHz, ~ 3 ) : .  8 26.3. Ill 
(CH,CI2): v(C=O) 1731cm -l (COOEO, 1669cm -I 
(COOMe). 

3.4.6. [MePd(2,6-1utidineXPh2PCHzCOOEt-K z- 
P,O)IBF4 {4a) 

To a solution of [MePd(Ph21'CH2COOEt-xt-P)CI]z 
(2b) (0.308, 0.35mmol) in 10ml CH2C! ~ was added 
two equivalents of 2,6-1utidin¢ (0.075g, 0.70mmoi). 
After stirring fox half an hour the colo~ had changed 
from orange to yellow. This solution was then ~ to 
a suspension of AgBF4 (0.17g, 0.87mmoD in lOml 
CHzCIz at room temperam~. After 5rain rise mlatarc 
was filtered through Celite aad the solvent naJaced ia 
vacuo and the product predpimed with hexa~ to give 
a yellow solid. Yield 83%. Anal. Fonad: C, 48.85; H, 
5.19; N, 2.50. C~4H29PlqOzPdiIF4 Calo.: C, 49.05; H, 
4.97; N, 2.38%. H NMR (200MHz, C-'IK]~):. 8 7.74-- 
7.31 (m, IIH, ArH and pyr-H4), 7.18 (d, 214, J =  
7.8Hz, pyr-H3'S), 4.05 (q, 2H, JffiT.tHz, OCH2), 
3.62 (d, 2H, Jffi llHz, I~H2), 2.95 (s, 6[-I, l~r-CH3), 
!.14 (t, 3H, Jffi 7.1H~ CH,CH3), 0.40 (d, 3I-L Jffi 
3.3Hz, PdCH3). t3C NMR (75MHz, C!3~3):. ~$ 173.9 
(COOEr), 159.1-123.7 (ArC and pyr-C), 63.9 (OCH2), 
37.2 (d, Jffi28Hz, PCHz), 27.0 (pyr-CH3), 14.4 
(CHzCH3), -0.07 (PdCHa). 3tp NMR (121MHz, 
CDCI3): 8 24.2. IR (CH2CI2): ~(C=O) 1638cm -l. 
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3.4.7. [MePdPPh3(Ph2PCH2COOEt-tc2-P,O)]BF¢ (4b) 
T o  a solution of [MePd(Ph2PCH2COOEt-~I-P)CI]2 

(2b) (0.89g, 1.04mmol) in lOml CH2C12 was added 
two equivalents of PPh 3 (0.54g, 2.08retool). After a 
few minutes a precipitate started m form. 1"his mixture 
was then added to a suspension of AgBF 4 (0.41 g, 
2.10retool) in 5ml CH2C12 at room temperature. After 
5 rain the mixtme was filtered through Celite and the 
solvent removed in vacuo to give a red-brown solid. 
Yield 96%. Anal. Found: C, 54.52; H, 4.55. 
C~H35P202PdBF4-O.5CH2CI 2 Calc.: C, 54.30; H, 
4.62%. IH NMR (300MHz, CDC13): 8 7.71-7.48 (m, 
25H, ArH), 4.04 (dd, 2H, J= 1.3Hz, J =  10.2Hz, 
PCH2), 3.95 (q, 2H, J =  7.1Hz, OCH2), 1.11 (tr, 3H, 
, /=  7.1 Hz, CH2CH3), 0.70 (tr, 3H, J = 5.8 Hz, 
P~CH3). 13C NMR (75MHz, C13Cl3): 8 181.6 (d, 
J =  15Hz, CO), 135.6-127.1 (ARC), 66.6 (OCH2), 
38.8 (d, J=28Hz,  PCH2), 14.1 (CH2CH3), 0.56 
(PdCH3). 31p NMR (121MHz, CE~I3): 8 24.5, 16.6 
(2d, J~  = 381Hz). IR (CH2C12): v(C=O) 1635cm -l. 

3.4.8. [MePd(Ph z PCH2COOCHz NC sH4_~ ¢ 3_ 
P,N,O)]BF~ (Sa) 

A suspension of [MePd(Ph2PCH2COOCH2NCsH 4- 
KI-p)cI]2 • 2CH2CI 2 (0.24g, 0.42mmol) in 10ml 
CH2C12 was added to a suspension of AgBF 4 (0.09g, 
0.46retool) in 80ml CH2CI 2 at - 10°C. After stirring 
for 0.5 h the AgCI was filtered off through Celite yield- 
ing a clear pale yellow solution. The volume was 
reduced m 10ml. After complete removal of the solvent 
in vacuo the resulting off-white solid product could only 

paffly radis~lved in CH2C1 ~. Yield 93%. Anal. 
Found: C, 44.17; H, 3.75; N, 2.56. C2~H2~O2PNPdBF 4 
• 0.5CH2CI 2 Calc.: C, 44.06; H, 3.78; N, 2.39%. ~H 
NMR (3UOMHz, CDCI3): ~ 8.44 (d, IH, J=5.3Hz, 
6-pyr-H), 7.85-6.90 (m, 14H, Ha~om + Hpy~), 5.87 (s, 
2H, OCH2), 4.16 (d, 2H, J= IIHz, PCH2), 0.68 (d, 
3H, J = 2.1 Hz, PdCH3). ~3C NMR (75 MHz, CD2CI2): 
8 180.2 (C=O), 156.5-123.6 (C~om+C ~ ~), 70.4 
(OCH2), 39.7 (d, J=32I'Iz, PCH2), 0.42 ~I~dcH3). 
3~P NMR (121MHz, CD2C12): ~ 27.7. IR (CH2CI2): 
v(C=O) 1655cm -~. MS (LSIMS) for the cationic part: 
m / z  456 [M] ÷, 441 [ M -  CH~] +, 347 
[H ~CPdPPh2CH2CO] ÷ . 

3.4.9. [MePd(Phz PCH2COOCH z NC5 H¢-tc z- 
P, NXCH~CN)]BF~ (Sb) 

A suspension of [MePd(PhzPCH2COOCH2NC~H ~- 
I¢l-p)c]]2 " 2CH2C1 ~ (0.35 g, 0.61 retool) in 5 rui CH3CN 
was added m a solution of AgBF 4 (0.14 g, 0.71 mmol) in 
5ml CH3CN at room temperature. After stirring for 
0.5 h the AgCI was filtered through Celite yielding a 
c ~ r  pale yellow solution. The solvent was removed in 
vaeuo leaving a white solid. The product is insoluble in 
CH2Cl 2 but can be dissolved in wann CH3CN. Yield 
75%. Anal. Found: C, 47.07; H, 4.05; N, 4.89. 

C21H2102PNPdBF 4 • CH3CN Cult.: C, 47.25; tL 4.14; 
N, 4.79%. IH NMR (300MHz, CD3CN): 8 8.82 (s, IH, 
6-pyr-H), 8.07 (s, IH, pyr-H), 7.85-7.50 (m, 14H, 
Hatom -I- Hpyr), 5.86 (s, 2H, OCH 2), 3.99 (d, 2H, J=~3 
10Hz, PCH2), 0.52 (d, 3H, J=3.0Hz, PdCH3). C 
NMR (75 MHz, CD~CN): 8 170.3 (C=O), 157.2-124.1 
(C~rom +Cpyr), 68.0 (OCH2), 34.8 (d, J=34Hz,  
PCH2), 0.21 (PdCH3). 31p NMR (121MHz, CD3CN): 
8 32.1. IR (CH3CN): v(C=O) 1736cm -I. 

3.5. Synthesis of acetyl complexes 

The conesponding acetyl complexes of complexes 
3-4 were prepared in sire by bubbling carbon monoxide 
through a solution of the methyl palladium complex in 
CDCI 3 in an NMR robe. The carbunylafion was fol- 
lowed by I H NMR and was usually complete within 
5min. 

3.5.1. [MeCOPdPPhs(2-NC~H4COOMe-KZ-N,O)]BF4 
(6a) 

tH NMR (300MHz, CDC13): 6 8.16 (br s, IH, 
pyr-H), 7.70-7.43 (In, 15H, ArH), 3.99 (br s, 3H, 
0(2//3), 2.25 (d, 3H, J = I.THz, PdCOC H3). ~3C NMR 
(75MHz, CDCI3): 8 221.0 (PdCOCH3), 170.3 
(COOMe), 150.2-127.7 (pyridyl carbons +ARC), 55.5 
(OCH3), 35.6 (d, J=9.SHz, PdCOCH3). 31p NMR 
(121MHz, CDCI3): 8 24.2. IR (CH2C12): t,(C=O) 
1 7 2 1  c m  - i (PdCOCH 3 ), 1673 cm- J (COOMe). 

3.5.2. [MeCOPdPh2PCH2COOEt(2-NCsH4COOMe- 
KZ-N,O)]BF¢ (6b) 

IH NMR (300MHz, CDC13): 8 8.52, 8.26, 8.14 (br 
s, 4H, pyr-H), 7.81-7.50 (In, 10H, ARH), 4.03 (s, 3H, 
OCH3), 3.97 (q, 2H, J=7.1Hz, OCH2) , 3.59 (br s, 
2H, PCH2), 2.24 (br s, 3H, PdCOCH3), 1.04 (tr, 3H, 
J =  7.I Hz, CH2CH3). 13C N]v~R (75MHz, CDCIj): 8 
221.3 (PdCOCH3), 168.8 (COOMe), 168.0 (COOEr), 
150.7-127.6 (pyr-C and ARC), 62.4 (OCH2), 55.3 
(OCH3), 36.2 (d, J =  15Hz, PdCOCH3), 34.7 (d, J =  
21Hz, PCH2) , 14.5 (CH2CH3). 31p NMR (121MHz, 
CDCI3): 8 14.5. IR (CH2CI2): v(C=O) 1726cm -I 
(COOEr), 1715 cm-I (PdCOCH3), 1673 cm-I 
(COOMe). 

3.5.3. [MeCOPd(2.6-1utidinf)(Ph:PCHzCOOEt-K z- 
P,O)IBF~ (7a) 

IH NMR (300MHz, CDCi3): 8 7.67-7.26 (in, IIH, 
ARH and pyr-H4), 7.15 (d, 2H, J=7.3Hz, pyr-H3"S), 
4.09 (q, 2H, J=6.9Hz, OCH2), 3.46 (d, 2H, J ~  
9.3Hz, PCH2), 3.04 (s, 6H, pyr-CH3), 1.80 (s, 3H, 
PdCOCH3), 1.15 (t, 314, J=6.9Hz, CH3CH3). 13C 
NMR (75MHz, CDCi3): 8 222.5 (PdCOCH3), 172.7 
(COOEr), 159.7, 140.1, 123.8 (pyr-C), 133.7, 132.2, 
129.7 (ARC), 63.8 (OCH2), 37.0 (d, J-24I-lz, 
PdCOCH3), 36.3 (d, J ~  30Hz~ PCH2) , 26.7 (pyr- 
CH3), 14.5 (CH2CH3). 3iF NMR (121MHz, CDCI3): 
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8 12.4. IR(CH2CI2):  v ( C = O ) 1 7 1 0 c m  - t  (PdCOCI-I3), 
1641 cm - t  (COOEr). 

3.5.4. [MeCOPd(PPh~XPh2PCH:COOEt-K2-p.O)]BF, 
(Tb) 

~H NMR (300MHz,  CDCI3): 8 7.80-7.43 (m, 25H, 
ArH) ,  4.08 (d, 2H, J =  I I , 0Hz ,  PCH2), 3.85 (q, 2H, 
J =  7.1 Hz,  OCH2) ,  1.70 (t, 3H, J =  1 .7Hz,  
PdCOCH~), 1,06 (t, 3H, J f T . 1 H z ,  CH2CHs).  t~C 
NMR (75MHz, C I ~ I ~ ) :  6 219.4 (PdCOCH3), 179.1 
(d, J =  13Hz, COOEt), 135.2-127.4 (ARC), 65.3 
(OCH2),  36.6 (d, J =  18Hz, PdCOCH3),  36.2 (d, J =  
26Hz,  PCH2) ,  13.6 (CH2CH~). 3tp NMR (121MHz, 
CIX~I~): 8 17.6, 6.61 (2d, Jpp = 245 Hz). IR (CH2Ci2): 
v ( C = O )  1714em - t  (PdCOCH3), 1639cm -~ (COOE0. 

3.6. Determination o f  reaction rates f o r  the carbonyla- 
tion reaction 

A 10ml sample tube containing 0.08retool of  palla- 
dium complex and a magnetic stirrer bar was affixed to 
tim inside of  a 250 ml ronnd bottom flask. T l~  flask was 
flushed with a steady stream of  CO for 30rain. CIX~3 
(3 ml) containing TMS and p~esatmated with CO was 
injected into the sample tube at t o . Concentrations o f  
palladium complexes wet'* 0.018M. Aliquots o f  0 .3ml  
were taken at regular finm intervals and analysed by ]H 
NMR. For the duration o f  the experiment all experimen- 
tal apparatus, reagents/solvents and the NMR spec- 
trometer were maintained at 253 K. 

3. 7. Copolymerisation o f  carbon monoxide and ethene 

A solution of  the complex (0.05-0.1retool) in 
CH2CI 2 (40ml)  was Wansfclred via a syringe intO a 
350ml  steel autoclave, which was equipped with a glass 
inlet and a magnetic stirring bar. The autoclave was 
pressurised first with carbon mmoxide  (201~') ,  then 
ethene (20bar)  was introduced and the mixture stirred 
for the given reaction time. Except for the reactions at 
room tempen ime  the autoclave was heated in an oil 
bath. After the appropriate time the excess e theae /CO 
was released. The reaction mixture was filtered on a flit, 
the solid residue was dried and weighed. Tim alternating 

of  the polykctmm obtained was confirmed by 
microanalysis, IR and ~ C  NMR in CF3COOH. Tim 
filtrate was analysed by gas chromamg~phy.  

We would like to acknowledge the support of  the 
Australian Research Council, in particular for the salary 
o f  GJ.P.B. We would also like to acknowledge Johnson 
MaRhey for their generosiW in providing a loan of  
palladium chloride. 

[I[ A. Sen ~ T.-W. Lai. L Am. Chem. Sac., 104 (1~2) 3520. 
[2] E. Dm~t aad P. Bad,lain, Chem. Rtv. ~ (19t~) ~ .  
[3] A. Sen, Ace. Chem Res, 26 (1993) 303. 
[4] IX Moa~ma and A. ~ .  C'~,m~h M a ~ n e ,  March 

(1995). 
[5] Z Jiang and A. Sen, J. Am. Cke~p. Soc. 117 (1995) 4455. 
[6] S. Bronco, G, Con~g~o, R. Hmser, A. BatS~ a~l U.W. Sm~, 

Macromol., 27 (1994) 4436. 
[7] S. Bmgco, G. Cct~elio, $. Di Bet~¢tto, M. r-¢~. F. ~zEIkz- 

aad A. Togtd, Helv. ~ Acta, 78 (1995) ~. 
[8] M. Brccldu~ M.L Wagner, G.G.A. Bahvcine ~ d  HA. 

den, 1. Am. ~ Sac. 116 (1994) 3ff41. 
[9] B.A. ~ D. Kruis, M.H.P. Rietveld, K.A.N. Veda'k, J. 

Boetsma, H. Kooijmam, M.T. L a ~  A.L. ~ u d  G. v ~  
Kotcn, J. Am. Chem...~e., 117 (1995) 5263. 

[I0] P.. van Asseh. F_.E.C.G. Gielem, R.E. l~ke, K. Vrie~ and CJ. 
El~v~r, J. Am. ~ .f, Tc. I16 (I~) 97"/. 

[II] F.C. Rix attd ML BmattmL J. Azv. C/am*. $oc. 117 (19¢~ ") 
1137. 

[12] F.C. Rix. M. Btmflth~t aml P.S. Wbi~ J, Am. Claem..~c. 118 
0996) 4746. 

[13] H. Jilt and K.J. CavclL J. ~ Sac.. ~ T~., (1994) 
415. 

[14] H. Jia, KJ. Cavort, B.W. ~ a~l A.H. W'ni~, J. Ckem. 
.,~c., ~ Traws, (1995)2159. 

[15] KJ. C~vell and H. I'm. J. ~ 5oc, Oa/~m T~. (1995) 
40gl. 

[16] J.L. [.loam. U .  C.av~IL R. l-I[~ker, B.W. ~ aml A.H. 
Whir,, J. Chem. $oc., Da/c~t 7r~m~, (1996) 219"/. 

[17] $.Y. ~ KJ. Caven, K ~ S.W. ~ msd 
~ ,  J. OrgM~et  Chem., 515 (ISg@ 233. 

[18] W. Keim, F.I,L KowMt, R. c~/ md C. Fu~g*r, A~ffew. 
O.e~, I~ E~t F.~I. 17 (19"m) 4~. 

[19] W, Keim, Angew. ~ , / ~ .  Ed. ~ 29 (1990) 235. 
[20] A. Yamammo, J. Or~m~m~a. Chem., 500 (1995) 337. 

Trine., (1994) 2755. 
[22] K.K. llii, S.IX Patra ae~i B.L. S~tw, J. c&~. S~:.. 

Tram, (1994) 3589. 
[23] IC T~mi. M. Ya/mata, S. Nakammm and T. Yamapm. J. 

.,qoc., Da/ma Tram~., (199"3) 2"~I. 
[24] EL yaag, M. Alvm~o., N. Lugan ~ d  R. Mad~u, J. Ch~m. ,.e~. 

Chem. Comu~. (1995) 1"/21. 
[251 ¥. Kamam, ¥. T~i ,  O. ~ M. ~ T. ¥ ~  

ami K. TaM, J. C'/m~ .To~.. Ckem. Cmmmm.. ( l ' t ~ )  2099. 
[26] H.-j. l t ~ t  md U. Ommm, Z a~ar~, m~,. C'&-~ 619 (19~3) 

12O9. 

(1978) 527_ 
[28] FT. Ladipo and G.K. Antk"~ea, ~ /3 (1994) 

303. 
[29] A. Sin~d and v.g,. l~m~. J. Chem. ,f~c. Da/~t Trms. (1993) 

1515. 
[30] Y. I-laymbL K. Isabe, Y. N~.mmma and $. Okeffn, J. Or~nemet 

M0 (19~6) 127. 
[3~1 N.A. Al - sa t~  ELO. E=lmU. ~ Uadmm, n.L Straw ~ d  n. 

Weeks. J. Oma. ,~c., Da~m Dm~, (1979) 19"/2. 
[321 G.P.C,M. Dekkea'. CJ. Els¢~,  K. Vfie~e and p.W.N.M, wm 

Or,,mm,te~,~, H (E~/2) 1.~s. 
[33] O.K. Andenon md RJ. ~ Chem. Soc. ~ .  9 (19~I0) 155. 
[34] RE. ~ J.G.P. D e ~  AM. ~ CJ. ~ e ~ ' ,  P.W.N.M. 

vm Leemm~ K. Vtieze, K. Geu~z nml H. e-'~,~ J. 
~ ,  5O8 (1996) 109. 

[35] GJ.P. ~ W. Kzim, S. ~ IX ~ ~ T. 
Wagn~, J. Chem. Sac., Chem.. C~uemn., (1993) 1632. 



2[2 G.].P. Britovsek et aL / Journal of  Organometellic Chemistry 533 (1997) 201-212 

[36] GJ.P. Btitovsek. K.J. Cavell and W. Keim, £ Mol. CaraL, in 
press, 

[37] K.E, Frankcombe. K.J. Cavell and B.F. Yates, unpublished data, 
1996. 

[38] W. Keim, H. Ma~ and S. Me, eking, Z Naturforsch., 50b 
(1995) 430. 

]39] K DrenL J.A.M. vail Broe.khoven and M.J. Doyle, ./. Organomet. 
Ctmm., 417 (1991) 235. 

[40] MJ. Green. G.J.P. Britovsek, K.J. Cavell, B.W. Skalton and 
A.H. White, ./, Chem. Soc., Chem. Commun., 1'199~) 1563. 

[41] R.E. Riilke, J.M. Ernsting, A.L. Spek, C.J. Elsevier, P.W.N.M. 
van Leeuwen and K. Vrieze, Inorg. Chem., 32 (1993) 5769. 

[42] LA. van Doom and N. Meijboom, Phosphorus, Sulfur and 
Silicon, 42 (1989) 211. 

[43] B. Demerseman, C. Renouard, R. 12 Lagadec, M. Gonzalez, P. 
Crochet and P.H. Dixneuf, J. Organomet. Chem., 471 (1994) 
229. 

[44] S.R. Hall, H.D. Flack and J.M. Stewart (eds.), The X'I"AL 3.2 
Reference Manual, Universities of Western Australia, Geneva 
and Maryland, [992. 


