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Chapterr  4 

Thee Mechanism and Kinetics of the Solvolysis of Acylpalladium(II ) Bonds. 

Martinn A. Zuideveld, Bert H. G. Swennenhuis, Paul C. J. Kamer, Piet W. N. M. van 

Leeuwen,, Kees Goubitz,+ Jan Fraanje,+ Martin Lutz.* 

tt Dept. of Crystallography, University of Amsterdam, Nieuwe Achtergracht 166, 1018 WV, 

Amsterdam,Amsterdam, The Netherlands 

%% Dept. Crystal and Structural Chemistry, University of Utrecht, Padualaan 8, 3584 CH, 

Utrecht,Utrecht, The Netherlands 

Abstract::  The mechanism and kinetics of the solvolysis of complexes of the type [(L-

L)Pd(C(0)CH3)(s)]++ [CF3SO3]" (L-L = diphosphine ligand, s = solvent, CO or donor atom in 

thee ligand backbone) was studied by NMR and UV-Vis spectroscopy. Alcohol coordination 

wass shown to play a central role in the solvolysis of acylpalladium(II) complexes containing 

Jraws-coordinatedd diphosphine ligands. An intramolecular mechanism was proposed to be 

rate-limitingg in the solvolysis of acylpalladium(II) complexes containing c«-coordinating 

diphosphinee ligands. The rate of solvolysis decreases in the presence of carbon monoxide, 

inn complexes containing small bite angle ligands and using less nucleophilic alcohols. The 

solvolysiss reaction is catalyzed by acid, but at high acid concentrations the effect ceases. 
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Introductio n n 

Inn general, the acylpalladium bonds in cationic complexes are very reactive towards 

alkenes,11 hydrogen2 or nucleophiles, such as alcohols, alkoxides and water,3-5 which is the 

reasonn that they are important intermediates in catalysis.2'6-8 The reaction products in these 

casess are a direct result of the hydrogenolysis, alcoholysis or hydrolysis of an acylpalladium 

complexx or insertion into an acylpalladium bond (scheme 1). 

Schemee 1 

Thee copolymerization reaction of carbon monoxide and alkenes seems in contradiction with 

thesee observations; high molecular weight copolymer can be obtained, despite the fact that 

thee acylpalladium intermediate experiences an acidic alcoholic (generally methanol) or 

acidicc aqueous reaction medium.7'9-11 Apparently, the alkene insertion reaction is much 

fasterr than the solvolysis reactions, and therefore a copolymer is obtained. Sen et al have 

shownn that changing the reaction medium of the copolymerization reaction from methanol 

too higher alcohols (ethanol, ?-butanol) increased the molecular weight of the copolymer 

produced.99 This implies that chain-transfer influences the molecular weight of the 

copolymer,, as might be expected. As opposed to the copolymerization reaction, esters such 

ass methyl propionate, and propionic acid can be synthesized selectively at high rates using 

differentt ligand systems or reaction conditions.6'9-12 Drent et al suggested that the alkene 

insertionn into the acylpalladium bond is hindered in such cases due to a frans-coordination-

modee of the ligands.1 However, Drent et aln and more recently Eastham et aln published 

veryy active and selective palladium catalysts containing presumably cw-coordinating 

alkylphosphinee ligands (l,3-bis(di-/-butylphosphino)propane and o-C6H4(CH2P(C(CH3)3)2) 

forr the alkoxycarbonylation reaction. Monodentate coordination of the ligands and the 
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intermediacyy of a stable mononuclear ionic palladium hydride complex have been proposed 

too cause the selectivity and activity of these catalytic systems.1'13 The reason for this 

reactivityy remains still a matter of debate. Pringle et al. found a fast and selective 

conversionn of internal olefins to linear esters catalyzed by Pd(II) complexes of chelating 

bis(phosphaadamantyl)diphosphines.144 The outcome of the catalytic reaction was very 

dependentt on the backbone and on the diastereomer used. 

Elsevierr et al showed that the reaction of an acylpalladium complex and sodium 

methoxidee / methanol is very fast and occurs already at low temperatures.15 The products of 

thiss reaction are an ester and a palladium(I) hydride dimer.3'4*16 The reactivity of cationic 

acylpalladiumm complexes towards alcohols under neutral and acidic conditions has not been 

studiedd in great detail so far. 

Thee solvolysis of acylpalladium complexes is an important step in many catalytic 

reactions.. In this chapter a study towards the mechanism of the solvolysis reaction of 

acylpalladiumm complexes is presented. The ligand effects (terdentate vs. bidentate), the 

effectt of the alcohol (ROH with different R groups), and the presence of acid on this 

reactionn are described. The range of reaction conditions under which the kinetics could be 

studiedd was reduced considerably by the instability of the ionic acylpalladium complexes. 

Results s 

Synthesis,, Structure and Reactivity of l/wis-Coordinated Acylpalladium 

Complexes.. All the acylpalladium complexes were synthesized by bubbling carbon 

monoxidee through a dichloromethane solution of the corresponding methylpalladium 

precursorr at room temperature. When [(DPEphos)PdCH3(CH3CN)]+ [CF3SO3]" (la) was 

dissolvedd in CD2C12 and CO was bubbled through, the acyl complex, 2a, was formed 

(schemee 2). The [H NMR spectrum showed the hydrogen signals of the acyl group at 2.38 

ppmm and free acetonitrile (1.98 ppm). A singlet was observed in the 31P NMR spectrum (7.0 

ppm).. Alternatively, the same NMR spectra were obtained when silver triflate was added to 

aa solution of (DPEphos)Pd(C(0)CH3)Cl in CD2C12. The complex was isolated by the 

additionn of diethyl ether to a solution of 2a in CH2C12. Conductivity measurements in 

CH2C122 showed that 2a was ionic (Am = 56 S mof1 1'). The use of  13CO did not result in 

additionall  P-C couplings in the 31P NMR spectrum, and the 13C NMR spectrum showed a 

singlett at 215.6 ppm, indicative of an acylpalladium complex. These data suggested that the 
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phosphoruss atoms are coordinated in a trans fashion. The compound was neither stable at 

roomm temperature in solution nor in the solid state. The acylpalladium complex (2a') was 

synthesizedd using the BARF ([B(p-C6H3(CF3)2)4]~ complex la', and proved to be thermally 

moree stable (i.e. less prone to deinsertion of CO). 

Schemee 2 

(DPEphos)PdN N 

,CH, , 

NCCH3 3 

[X]--

XX = CF3S03(1a) 
BARFF (1a') 

CO O 
CH2CI2 2 

Ph2P—pd—-PPh2 2 

O ^ C H 3 3 

[XT T 

2 2 

PPh, , 

CH2CI2 2 

O, , 

(DPEphos)Pds s 

^ C H 3 3 

PPh-, , 

[X]--

Ann X-ray crystal structure analysis of 2a' was performed. The anion was highly disordered 

duee to the rotation of the perfluoromethyl groups, but the structure of the cation could be 

determinedd accurately. 

Figuree 1. X-ray crystal structure of 2a'. The ellipsoids are drawn at the 50 % probability 

level.. Hydrogen atoms and anion ((3,5-(CF3)2-C6H3)4)B) have been omitted for 

clarity. . 
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Tablee 1. Selected Bond Distances (A) and Angles (deg.) for Non-Hydrogen atoms of 2a'. 

Pd-Pl l 

Pd-Ol l 

C1-C2 2 

Pl-Pd-P2 2 

PI-Pd-Ol l 

Pl-Pd-Cl l 

Pd-Cl-C2 2 

2.315(2) ) 

2.261(6) ) 

1.521(19) ) 

154.70(8) ) 

80.05(18) ) 

100.9(3) ) 

113.2(9) ) 

Pd-P2 2 

Pd-Cl l 

Cl-02 2 

P2-Pd-01 1 

P2-Pd-Cl l 

Pd-Cl-02 2 

2.313(2) ) 

1.936(10) ) 

1.176(13) ) 

78.77(15) ) 

99.6(3) ) 

123.6(8) ) 

Thee metal center has a square planar geometry with all donor atoms and the metal center in 

onee plane. The phosphorus atoms are coordinated in a trans fashion with a Pl-Pd-P2 angle 

off  154.70(8)°. The oxygen atom of the ligand backbone is coordinated to palladium (Pd-0 

distancee = 2.261(6) A, figure 1) and the anion is non-coordinating. 

Thee DPEphos ligand was found to coordinate in a trans fashion in complex 2a even 

inn the presence of additional ligands, such as CO and acetonitrile. The capacity of the 

DPEphoss ligand to coordinate in a cis fashion to palladium was demonstrated by the 

additionn of triphenylphosphine to a solution of 2a in CD2C12 (scheme 2). The !H NMR 

spectrumm showed a singlet at 1.79 ppm for the acyl group (193 K). The 31P NMR spectrum 

showedd two double doublets (26.5 ppm (27PP = 46.0 Hz and 2JPP = 241 Hz) and 10.6 ppm 

(VpPP = 46.0 Hz and 2JPP = 241 Hz)) and one triplet (-0.9 ppm, 2J?? = 46.0 Hz). The use of 
13COO resulted in an additional P-C coupling on the triplet (2JPC = 82.3 Hz) and a doublet at 

228.77 ppm (2/pc = 82.3 Hz) in the l3C NMR spectrum. These data are in accordance with 

thee structure [(DPEphos)Pd(C(0)CH3)(PPh3)]
+ [CF3SO3]" (3a, scheme 2), in which the 

DPEphoss ligand acts as a c/s-chelating ligand. 

Thee reaction of 2a and methanol in a CH2C12 solution under one bar of CO resulted 

inn the formation of a palladium(I) hydride dimer, [Pd2(u-H)(u-CO){(DPEphos)}2]
+ 

[CF3SO3]""  (4a), and methyl acetate (scheme 3). The 31P NMR spectrum in CD2C12 showed a 

singlett at room temperature (7.0 ppm). When a proton-coupled 3tP NMR spectrum was 

recordedd a 42 Hz, VPH coupling constant was observed. The !H NMR spectrum showed a 

quintett at -6.9 ppm (2JPH = 42 Hz) indicative of a hydride.5 The IR spectrum in CH2C12 

showedd a CO stretching frequency at 1847 cm"1. When methanol-̂ was added to a solution 

off  2a in CH2C12 three signals were observed in the 3IP NMR spectrum in an intensity ratio 

off  1 : 1 : 1 due to the 2Jpu deuterium coupling (6 Hz). The use of  l3CO resulted in an 
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additionall  2JPC coupling (33 Hz)5 in the 31P NMR spectrum and an additional  2JCH coupling 

onn the hydride signal (2.7 Hz) in the 'H NMR spectrum. The l3C NMR spectrum showed a 

singlett at 173 ppm (D3C013C(0)CH3) and a quintet at 225.1 ppm (Pd2(u-13C(0), 2JK = 33 

Hz).5 5 

 2 X0^
 + HX 

[(Xantphos)PdC(0)CH3]
++ [CF3SO3]" (2b) was synthesized from [(Xantphos)PdCH3]

+ 

[CF3S03]""  (lb) and its structure is similar to 2a according to NMR spectroscopy. Complex 

2bb is stable in the solid state at room temperature (no detectable decomposition after 6 

weeks).. Complex 2b reacted very slowly with 10 equivalents of methanol in CH2CI2 at 

roomm temperature (fr/, a 3 hours) to yield the palladium(I) hydride dimer, [Pd2(u-H)(u-

CO){(Xantphos)}2]
++ [CF3S03]" (4b), and methyl acetate. The reaction was accompanied by 

deinsertionn of CO to afford complex lb. Using the '3CO labeled complex of 2b in CD3OD 

additionall  P-D and P-C couplings were observed in the 31P NMR spectrum (2JPD = 6.3 Hz 

andd 2/PC = 36 Hz) for [Pd2(n-D)(u-13CO){(Xantphos)}2]
+ [CF3SO3]". 

[(dtpf)PdC(0)CH3]
++ [CF3S03r (2c) was synthesized from [(dtpf)PdCH3]

+ [CF3S03]
+ 

(lc)) and its structure was similar to 2a according to NMR spectroscopy. The CO insertion at 

roomm temperature was slow (t/2 m 15 min.) compared to the CO insertion into the cationic 

methylpalladiumm complexes containing the Xantphos and DPEphos ligand {tVl < 1 min.). 

Thee dtpf (l,l'-bis(di-ter/-butylphosphino)ferrocene) ligand remained a terdentate P-Fe-P 

ligandd in complex 2c as shown by the large chemical shift difference of the a and (3-

hydrogenn atoms of the Cp-rings (A5 = 0.82 ppm).17 A dichloromethane solution of 2c did 

nott react with 10 equivalents of methanol at room temperature. 

[(dipf)PdC(0)CH3]
++ [CF3SO3]" (2d) (dipf = 1,1'-

bis(diisopropylphosphino)ferrocene)) was synthesized from [(dipf)PdCH3(CH3CN)]+ 

[CF3S03]""  (Id) and its structure was also similar to 2a according to NMR spectroscopy. The 

COO insertion is faster than that for the dtpf complex (t./2 * 5 min.) As opposed to the 

Schem ee 3 

rr  n + 

2 2 
u u 

(P-P)Pd—^ ^ 
CH3 3 

22 CH3OH 

CO O 

[X]--

P-PP = DPEphos 
Xantphos s 
dipf f 

(2a) ) 
(2b) ) 
2d) ) 

rr  ,K 
(P-P)Pd—Pd(P-P) ) 

C C 
11 1 

0 0 
[XT T 

4 4 
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methylpalladiumm complex, the dipf ligand acts as a terdentate P-Fe-P ligand in the 

acylpalladiumm complex as indicated by the large chemical shift difference between the a 

andd p-hydrogen atoms of the Cp-rings (AS = 0.72 ppm), the singlet in the 31P NMR 

spectrumm (18.7 ppm) and the singlet in the 13C NMR spectrum (220.8 ppm). The addition of 

ann excess of triphenylphosphine to a solution of 2d in CD2CI2 led to the formation of 

complexx 3d (scheme 2). This demonstrates that the dipf ligand can coordinate in a cis-

fashionn and that the Pd-Fe dative bond can be broken by the addition of a strongly 

coordinatingg ligand. The 'H NMR spectrum showed a singlet at 2.35 ppm for the acyl group 

(2433 K). The 31P NMR spectrum showed two double doublets (31.6 ppm, (VPP = 43.8 Hz 

andd 2JPP = 228 Hz) and 10.8 ppm, (VPP = 43.8 Hz and 2JPP = 228 Hz)) and one triplet (17.2 

ppm,, JPP = 43.8 Hz). The use of  l3CO resulted in an additional P-C coupling on the triplet 

((22JPCJPC = 81.3 Hz) and a doublet at 230.0 ppm (2JPC = 81.3 Hz) in the '3C NMR spectrum. 

Complexx 2d reacts in dichloromethane at room temperature with 10 equivalents of 

methanol.. The quintet for the hydride signal in the 'H NMR spectrum (-7.12 ppm, 2JPH = 39 

Hz),, the singlet in the 31P NMR spectrum (35.3 ppm) and the quintet in the 13C NMR 

spectrumm (233.7 ppm, 2JPC = 33 Hz) indicate the formation of the palladium(I) hydride 

dimer,, [Pd2(u-H)(u-CO){(dipf)}2]
+ [CF3SO3]- (4d). 

Synthesis,, Structure and Reactivity of m-Coordinated Acylpalladium 

Complexes.. Three methods were used to generate ionic c/s-coordinated acylpalladium 

complexess (method A, B, and C, scheme 4). 

Schemee 4 

(A) ) 
,CH3 3 

(P-P)Pd, , 
NCCH3 3 

[CF3SO3]--

.CH3 3 
(B)) (P-P)PdN 

CH3 3 

,CH3 3 

(C)) (P-P)Pd, 
CI I 

+ + 
CO O 

CD2CI2 2 

CF3SO3H H 

CD3OD D 

CO O 

CD2CI2 2 

00 -, 

^ C H 3 3 
(P-P)Pd, , 

NCCH3 3 

[CF3SO3]--

.CH3 3 
(P-P)Pd^ ^ 

DOCD3 3 

[CF3SO3]--

O O 

^ C H H 
(P-P)Pds s 

CI I 

+ + 

+ + 

CO O 

CD30D D 

33 AgCF3S03 

CD3OD D 

0 0 

^ C H 3 3 

(P-P)Pd, , 
CO O 

[CF3SO3]--

rr \ 
/ - C H 3 3 
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Inn method A carbon monoxide is bubbled through a solution of an isolated solvent 

coordinatedd ionic methylpalladium complex. The product is the ionic, solvent-coordinated 

acylpalladiumm complex.18 Alternatively, the ionic methylpalladium complex is synthesized 

inin situ through the reaction of an acid with a dimethylpalladium complex in a weakly 

coordinatingg solvent.19'20 The ionic CO-coordinated acylpalladium forms after introducing 

COO into the solution (method B). In the last method the isolated neutral chloride-

coordinatedd acylpalladium complex is synthesized from the neutral methylpalladium 

compound.. The solvent coordinated acylpalladium complex forms after abstraction of the 

chloridee anion by addition of silver triflate in a coordinating solvent (method C).18-20 

Thee reactivity and stability of cw-chelated acylpalladium dppf complexes were 

studied.. C/5-chelated acylpalladium complexes, however, decarbonylate very easily in the 

absencee of CO.18 Therefore, the ds-chelated acylpalladium complexes were studied in 

methanoll  in the presence and in the absence of CO. When 10 equivalents of methanol were 

addedd to [(dppf)PdC(0)CH3(CH3CN)]+ [CF3SO3]- (5) in CH2C12 in the presence of one bar 

off  CO at room temperature,18 the palladium(I) hydride dimer, [Pd2(u-H)(n-CO){(dppf)}2]
+ 

[CF3SO3]""  (4e), and methyl acetate were formed. The lH NMR spectrum showed a quintet 

forr the hydride at -6.1 ppm (2Jm = 42 Hz) and a singlet in the 31P NMR spectrum at 20.3 

ppm.. A *H coupled 31P NMR spectrum showed a doublet at 20.3 ppm with a P-H coupling 

off  42 Hz. When 13CO was used a doublet in the 31P NMR spectrum was observed for the 

palladium(I)) hydride dimer (2JPC = 34.1 Hz). The !H NMR spectrum shows an additional 

couplingg on the hydride signal (VCH = 4.5 Hz). The 13C NMR spectrum shows a quintet at 

2322 ppm (27PC = 34.1 Hz) for the bridging carbonyl carbon atom and a singlet at 173 ppm 

forr H3CO C(0)CH3. The acetonitrile-free acylpalladium complex was synthesized in situ. 

Whenn (dppf)Pd(CH3)2 was reacted with one equivalent of trifli c acid in CD3OD at room 

temperaturee [(dppf)PdCH3(CD3OD)]+ [CF3SO3]" (6) was formed. Bubbling CO through this 

solutionn at -90 °C resulted in the formation of a mixture of [(dppf)Pd(C(0)CH3)(CO)]+ 

[CF3S03]""  (7) and [(dppf}Pd(C(0)CH3XCD3OD)]+ [CF3S03]" (8) in a 1 : 2.5 ratio. The 13C 

NMRR spectrum showed two doublets at 229.5 (VPC = 82 Hz, 7) and 236.6 ppm (VPC =101 

Hz,, 8). Bubbling CO through a solution of 6 at -70 °C resulted in the formation of 7 (> 85 

%,, based on 31P NMR spectrum). The 3,P NMR showed two new doublets at 24.1 and 12.1 

ppmm (2JPp = 62 Hz). The structure of the complex was checked by 13CO labeling. The l3C 

NMRR spectrum of [(dppf)Pd(I3CO),3C(0)CH3]
+ [CF3S03]

_ showed two signals. A doublet 

forr C(0)CH3 (229.5 ppm, VPC = 82 Hz) and a double doublet for Pd(CO) (175.7 ppm, VPC 
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== 82 Hz and 2J?c = 19 Hz) were observed. The CD3OD coordinated acylpalladium complex 

88 was the minor product (<15 %, based on 3lP NMR). When the temperature was raised to 

roomm temperature an instantaneous reaction of 7 and 8 with CD3OD was observed. The 

colorr changed from orange to dark-red to give [Pd2(u.-D)(u-C0){(dppf)}2]+ [CF3SC>3]" and 

methyll  acetate. The 31P NMR spectrum showed three peaks at 20.3 ppm with a 1 : 1 : 1 

intensityy ratio (2JPD = 6 Hz). 

[(dppp)Pd(C(0)CH3)(CD3OD)]++ [CF3SO3]" (9) was synthesized in situ from 

(dppp)Pd(C(0)CH3)Cll  and one equivalent of AgCF3S03 in CD2C12 / CD3OD (CD2C12 : 

CD3ODD = 1 : 1.33, v/v, [Pd] = 3.3x102 M) at -75 °C.20 Complex 9 is stable at this 

temperature.. Raising the temperature of the NMR probe to room temperature led to 

decarbonylationn of complex 9 and deposition of metallic palladium. 

[(dppp)Pd(C(0)CH3)(CO)]++ [CF3S03]" (10) was synthesized in situ in CD3OD when 

(dppp)Pd(CH3)22 was reacted with one equivalent of trifli c acid and subsequent bubbling of 

COCO at -60 °C K ([Pd] = 3.3x10"2 M).20 Complex 10 gives deposition of palladium metal 

insteadd of methanolysis at room temperature. 

(0-C6H4(CH2P(f-Bu)2)2)Pd(CH3)Cll  (11) was synthesized from (COD)Pd(CH3)Cl and 

o-C6H4(CH2P(f-Bu)2)22 in toluene. Single crystals of complex 11 were grown from CH2C12 / 

Et200 and an X-ray crystal structure analysis was performed. The complex is severely 

distortedd from a square planar geometry, due to the very large P-Pd-P angle (104.14(1)°), 

whichh is one of the largest observed for a ci's-chelating ligand in palladium(II) complexes 

(figuree 2).21 Probably due to the large P-Pd-P angle and the bulky f-butyl substituents 

bondedd to phosphorus, two positions were found for the carbon atom of the methyl group. 

Bubblingg CO through a solution of 11 in CD2C12 containing minor quantities of water, 

resultedd in the formation of (0-C6H4(CH2P(/-Bu)2)2)Pd(H)Cl (13) instead of (0-

C6H4(CH2P(/-Bu)2)2)Pd(C(0)CH3)Cll  (12). The *H NMR spectrum showed a double doublet 

forr the hydride signal at -10.5 ppm (VPH = 200 Hz and 2Jm = 23 Hz) and a singlet at 2.02 

ppm,, which originates from the product of hydrolysis, acetic acid, and the P NMR 

spectrumm showed an AB system at 67.7 and 21.6 ppm (2JPp = 59 Hz). 
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Figuree 2. X-ray crystal structure of 11. The ellipsoids are drawn at the 50 % probability 

level.. Hydrogen atoms have been omitted for clarity. 

Tablee 2. Selected Bond Distances (A) and Angles (deg.) for Non-Hydrogen atoms of 11. 

Pdl-Pl l 

Pdl-Cll l 

Pdl-Cl l 

Pl-Pdl-Cl l 

Cl-Pdl-C11A A 

C11A-Pdl-P2 2 

2.2717(4) ) 

2.4004(9) ) 

2.069(4) ) 

87.03(7) ) 

78.19(16) ) 

89.73(14) ) 

Pdl-P2 2 

Pd-C11A A 

Pl-Pd-P2 2 

Cl-Pdl-Cll l 

Cll-Pdl-P2 2 

2.4535(4) ) 

2.431(6) ) 

104.14(1) ) 

80.53(7) ) 

90.84(2) ) 

InIn situ synthesis of silver-palladium complexes. In an attempt to synthesize the 

ionicc CD3OD coordinated acylpalladium complex 8 in situ (method C, scheme 4), a CD3OD 

solutionn of silver triflate was added to a suspension of (dppf)Pd(C(0)CH3)Cl in CD3OD at 

2033 K. After the reaction mixture was shaken vigorously an orange solution was formed 

withoutt any visible presence of a precipitate. Surprisingly, a singlet and two doublets were 

observedd in a 2 : 1 : 1 intensity ratio in the 3IP NMR spectrum, instead of the expected AB 

systemm for 8 (figure 3). The 'H NMR spectrum at 203 K showed signals in the aryl region 
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(7.9-7.22 ppm), four Cp signals (5.34, 4.67, 4.54 and 3.90 ppm) and an acyl signal (2.04 

ppm)ppm) in a 20 : 8 : 3 intensity ratio (figure 3). When (dppf)Pd(13C(0)CH3)Cl was used, the 
,3CC NMR spectrum showed a singlet at 220 ppm and the 31P NMR spectrum showed no 

additionall  P-C couplings. When the same sample was recorded at 202 MHz instead of 121.5 

MHz,, the positions of the two doublets in the 31P NMR changed. We concluded that the two 

apparentt doublets in the 31P NMR arise from one phosphorus atom, which is bonded to a 

silverr atom. This phosphorus signal is coupled to 107Ag and 109Ag (51 : 49 natural 

abundance)) which results in an 820 Hz and a 750 Hz 'yAgp coupling resp. One phosphorus 

atomm is bonded to silver only, since the VAgp couplings are in the range of a three-

coordinatee monophosphine substituted silver atom.22 The other phosphorus atom is bonded 

too palladium. Based on these spectroscopic data we assigned the spectra to the complex [(u-

dppf)Pd(C(0)CH3)(CD3OD)Ag(Cl)]++ [CF3SO3]" (14, scheme 5). The use of thallium(I) 

triflatee instead of silver(I) triflate gave >99 % of complex 8 according to 'H and 31P NMR 

spectroscopy.. When the methylpalladium complex, (dppf)Pd(CH3)Cl was reacted with 

silverr triflate in CD3OD at -60 °C, a mixture of the silver-palladium complex [{\i-

dppf)Pd(CH3)(CD3OD)Ag(Cl)]++ [CF3SO3]" (15) and the ionic methylpalladium complex, 6, 

wass observed (30 : 70 ratio resp.). The singlet at 33.3 ppm and two doublets at 5.3 ppm 

(!JAgPP = 709 and VAgP = 819 Hz) indicative of the silver-palladium complex were observed 

inn a 2 : 1 : 1 intensity ratio in the 3IP NMR spectrum (minor product, 30 %) along with the 

ABB system indicative of the cationic methanol-̂ coordinated compound (43.2 and 19.5 

ppm,, VPP - 31 Hz, major product, 70 %). The signal of PdC//3 (0.50 ppm) in the lH NMR 

spectrumm was broad and showed a small shoulder. A high-resolution *H NMR spectrum to 

determinee the coupling constants of these signals could not be obtained (T = 183-253 K). 

Ammoniumm triflate or sodium triflate did not react with the methyl- and acylpalladium 

chloridee compounds below 213 K. When thallium(I) triflate was used in methanol-*̂  at 195 

K,, thallium chloride precipitated and a new AB system appeared at 43.2 and 19.5 ppm ( Jpp 

== 31 Hz) in the 3,P NMR spectrum, which is assigned to 6 (scheme 5). 
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Schemee 5 
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Thee use of silver triflate or thallium(I) triflate in the chloride abstraction of 

(dppp)Pd(C(0)CH3)Cll  in CD3OD at -60 °C resulted in the formation of the expected 

complexx [(dppp)PdC(0)CH3(CD3OD)f [CF3SO3]".20 

Thee use of silver triflate in the chloride abstraction of (.sy«-Calix[6]arene 

diphosphite)Pd(C(0)CH3)Cll  23 gave the palladium-silver complex [(u-,sy«-Calix[6]arene 

diphosphite)Pd(C(0)CH3)(CD3OD)Ag(Cl)]++ [CF3SO3]" (16) at -60 °C (structure of syn-

Calix[6]arenee diphosphite in scheme 6, vide infra). The 31P NMR spectrum showed a singlet 

att 93.0 ppm and two doublets at 99.8 ppm that arise from the '07Ag and '09Ag couplings 

('AgPP = 1061 Hz and AgP = 1225 Hz). The use of thallium(I) triflate resulted in the 

formationn of the expected AB system in the 31P NMR spectrum (104.0 and 91.8 ppm, 2JPP = 

1222 Hz), indicative of [(jj«-Calix[6]arene diphosphite)Pd(C(0)CH3)(CD3OD)]+ [CF3SO3]" 

(17).. The use of silver triflate in the chloride abstraction of (DPEphos)Pd(C(0)CH3)Cl (18) 

inn CD3OD led to the formation of 2a. 
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Schemee 6 The ligand 5jw-Calix[6]arene diphosphite used in complexes 16 and 17. 
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Kinetics s 

Kineticss of the Solvolysis Reaction of Acvlpalladium Complexes containing 

frans-Coordinatingg Ligands. The reaction rate of the methanolysis of acylpalladium 

complexess was determined. 
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Figuree 4. Eyring-plot of the methanolysis of [(DPEphos)PdC(0)CH3]
+ [CF3SO3]" (2a) from 

243.00 to 273.0 K. 
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Inn the case of the ?ra«s-coordinating ligands (DPEphos, Xantphos and dipf) CO was 

bubbledd through a solution of the appropriate acylpalladium complex. The presence of CO 

inn solution had neither an effect on the rate of the methanolysis reaction, nor on the course 

off  this reaction. The isolated compound 2a was used to perform kinetics using 'H NMR 

spectroscopy.. CO was bubbled through a 3.3xl0"2 M solution of 2a and 3.3x10"' M 

methanoll  (10 equiv.) in CD2C12 at 183 K. The rate constants were determined over a 30 K 

temperaturee range (243.0-273.0 K). Five data points were used to produce an Eyring plot 

(figuree 4). From the Eyring plot we calculated the activation enthalpy (AH1 = ) kJ 

mol"1)) and the activation entropy (ASJ = ) J K"1 mol"1). Substituting methanol for 

methanol-c/ii  or methanol-̂  did not change the reaction rate. The use of different amounts 

off  methanol (10-23 equiv.) at 253.0 K showed a first order dependency of the methanolysis 

reactionn on the methanol concentration (figure 5). The plot of the observed rate constants 

kobss vs. the concentration of methanol resulted in a straight line with an intercept with the y 

axiss at zero indicating that the kinetics obey the typical rate law kobs = k2 [CH3OH]. 
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Figuree 5. The methanol concentration dependency of the rate of methanolysis of 2a ([Pd] 

3.3xl0"22 M, [CD3OD] = 3.3x10"' to 7.6x10"' M, T = 253.0 K). 
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Figuree 6. Eyring plot of the ethene insertion of [(DPEphos)PdC(0)CH3]
+ [CF3SO3]" (2a) 

fromm 213.0 to 233.0 K ([Pd] = 2.21xl0"2 M, [ethene] = 2.32x10"' M). 

Thee rate of insertion of ethene into the acylpalladium bond of [(DPEphos)PdC(0)CH3]+ 

[CF3SO3]""  (2a) was determined over a 20 K temperature range (213.0-233.0 K). Ethene (10.5 

equivalents)) was injected via a gas-tight syringe into a 2.21xl0"2 M solution of 2a in CD2CI2 

att 195 K. Five data points were used to produce an Eyring plot (figure 6). From the Eyring 

plott we calculated the activation enthalpy (AH* = +36.1 ) kJ mof') and the activation 

entropyy (AS* = -149.1 ) kJ K"1 mol"'). 

Methanol,, ethanol, 2-propanol, CF3CH2OH and r-butyl alcohol were used to 

determinee the dependency of the rate of solvolysis on the alcohol (figure 7). Ten equivalents 

off  the alcohol were added to a 3.3xl0"2 M solution of 2a in CD2C12. Neither CF3CH2OH, 

norr ?-butyl alcohol reacted with 2a at 298 K and 313 K. Methanol reacted too fast to 

determinee the reaction rate by 'H NMR spectroscopy at 298 K. An extrapolation of the 

Eyringg plot in figure 4 was used to estimate the rate of solvolysis at 298 K. P NMR 

spectroscopyy was used to measure the rate of solvolysis using 2-propanol, since the OH 

signall  of the 2-propanol reagent overlapped with the C(0)C//3 signal of the acylpalladium 



complexx in the 'H NMR spectrum. The solvolysis using 2-propanol was very slow and 

thereforee could be monitored by 'P NMR spectroscopy. 

-3.4 4 

-3.6 6 

-3.8 8 

00
c c 
_ l l 

-4.22 i 

-4.4 4 

 methanol 
 ethanol 

2-propanol l 
 2,2,2-trifluoroethanol, 

f-butanol l 

-4.66 - 4 
5000 0 100000 15000 

timee (s) 

— i — — 

20000 0 
1 1 

25000 0 

Figuree 7. The alcohol dependency on the rate of alcoholysis of 2a at 298.0 K. The rate of 

methanolysiss was calculated from the Eyring plot in figure 4. [Pd] = 3.26x10"2 M. 

[alcohol]]  = 3.26x10"' M. The datapoints of 2,2,2-trifluoroethanol and /-butanol 

overlapp (no formation of methyl acetate observed). 

Whenn [(Xantphos)PdC(0)CH3]
+ [CF3SO3]" (2b) was dissolved in CD3OD / 

CF3COODD ([Pd] = 3.3x10"2 M) in the presence of CO, the formation of the palladium(I) 

dimerr and methyl acetate-3̂ was observed. A reaction rate of 7.3xl0"51 mol"1 s"1 was found 

att 285.0 K. When the reaction of [(Xantphos)PdC(0)CH3]
+ [CF3SO3]" in CD2C12 was 

carriedd out with only 10 equivalents of methanol (same conditions as DPEphos-complexes), 

thee decarbonylation of the acylpalladium compound was the only reaction observed. 

[(dtpf)PdC(0)CH3]
++ [CF3SO3]" (2c) did not react with methanol in CD2C12 at room 

temperature.. A solution of [(dipf)PdC(0)CH3]+ [CF3SO3]" (2d) reacted much more slowly 

thann 2a with 10 equivalents of methanol in dichlormethane (3.3xl0"2 M) at 298 K (ty, = 20 

min)) but much faster than 2b and 2c. 

Catalyticc CO and Ethene Copolymerization Reactions. The methylpalladium 

complexess were tested in the catalytic CO and ethene copolymerization reaction. The ionic 

methylpalladiumm complexes were tested in methanol containing 5 equivalents of para-
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toluenesulfonicc acid at 20 bar of CO and ethene (1 : 1, v / v) and 80 °C (353 K). The ionic 

methylpalladiumm complexes containing the Xantphos and the dtpf ligand were inactive. 

[(DPEphos)Pdd CH3(CF3C02)] showed an activity of 2500 mol mol"1 h"1. The only products 

observedd were methyl propionate and the low molecular weight oligomers 

H3COC(0)CH2CH2C(0)C2H5,, and H3COC(0)CH2CH2C(0)OCH3 (in a 40 : 4 : 1 ratio). 

Usingg the same catalyst in dichloromethane solution a copolymer was formed at low 

reactionn rates, probably due to catalyst decomposition. 

Kineticss of the Solvolysis Reaction of Acylpalladium Complexes containing cis-

Coordinatingg ligands. The solvolysis of complexes containing the dppp ligand could not 

bee studied by NMR spectroscopy due to fast decomposition of the acylpalladium complex to 

yieldd metallic palladium. However, the solvolysis reaction of in situ synthesized 

[(dppp)Pd(C(0)CH3)(CO)]++ [CF3S03]" in methanol could be studied by UV-Vis 

spectroscopyy at 303 K (figure 8), although lower palladium concentrations ([Pd] = 2x10" 

M)) had to be applied. 
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Figuree 8. The effect of different amounts of trifli c acid (= HX) on the rate of methanolysis 

off  [(dppp)Pd(C(0)CH3)(CO)]+ [CF3S03]" at 303 K. The absorption at 456 nm was 

monitoredd during the reaction by UV-Vis spectroscopy. 
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Thee absorption at 456 nm (palladium(I) hydride dimer) was monitored during the reaction. 

Thee amount of acid added to the reaction mixture had a large influence on the reaction rate. 

Underr neutral reaction conditions (0 equivalents of CF3SO3H) methanolysis was not 

observed.. The addition of excess trifli c acid resulted in methanolysis of 

[(dppp)Pd(C(0)CH3)(CO)]++ [CF3SO3]". The highest reaction rate was observed when 9 

equivalentss of trifli c acid were added to the reaction mixture. The rate of reaction decreased 

againn when more equivalents of trifli c acid were added to the solution. 

Thee in situ synthesized compound [(dppf)Pd(C(0)CH3)(CO)]+ [CF3SO3]" in CD3OD 

wass used to study the kinetics of the methanolysis reaction ([Pd] = 3.3x10"2 M). The 

reactionn was followed by LH NMR spectroscopy between 243 and 273 K. A pseudo first-

orderr behavior was not observed. At 243 K the observed half-life-time of the reaction was 

833 min. 

Thee absence of CO in the reaction mixture of the in situ generated cationic 

acylpalladiumm complex [(dppf)Pd(C(0)CH3)(CD3OD)]+ [CF3SO3]" (CD2C12 : CD3OD = 1 : 

1.33,, v/v, [Pd] = 3.3x102 M) avoids the interference of CO during kinetics. The 

methanolysiss reaction is faster in the absence of CO. Unfortunately, decarbonylation occurs 

att the temperature at which methanolysis is observed (T > 233 K) and a pseudo first-order 

behaviorr was not observed. 

[(5y«-(Calix[6]arene)diphosphite)Pd(C(0)CH3)(CD3OD)]++ [CF3SO3]'decarbonylates 

abovee 233 K in CD2CI2 in the presence of 10 equivalents of methanol, [(syn-

(Calix[6]arene)diphosphite)Pd(C(0)CH3)(CD3OD)]++ [CF3SO3]" did not decarbonylate in a 

temperaturee range at which methanolysis occurs (215.0-228.0 K, CD2CI2 : CD3OD = 1 : 

1.33,, v/v). In this case the rate of methanolysis is pseudo first-order. The reaction is 

extremelyy temperature dependent, which led to a narrow temperature range at which the 

methanolysiss could be monitored by 'H NMR spectroscopy. From the data in figure 9 we 

calculatedd the activation enthalpy (AH1 = ) kJ mol"1) and the activation entropy 

(ASï 1mor1). . 
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Figuree 9. Eyring plot of the methanolysis of in situ synthesized [(syn-

(Calix[6]arene)diphosphite)Pd(C(0)CH3)(CD3OD)]++ [CF3S03]" from 215.0 to 

228.00 K. 

Discussion n 

Synthesiss of Acylpalladium Complexes. The new acylpalladium complexes we 

synthesizedd can be divided in trans-complexes and cw-complexes. The ligands coordinating 

inn a trans-fashion can be forced to form cw-complexes by adding a strongly coordinating 

ligand,, such as triphenylphosphine. The /raws-acylpalladium complexes are quite stable in 

thee absence of CO at room temperature, which enables us to study the alcoholysis reaction 

inn the presence and in the absence of CO. The acylpalladium complex containing the dtpf 

ligand,, 2c, does not show methanolysis, but all other complexes are reactive towards 

methanol. . 

Inn the presence of CO, the cw-complexes contain coordinated CO,20-24-25 whereas 

theyy decarbonylate instantaneously in the absence of CO at room temperature (scheme 9, 

videvide infra). The combination of these two properties limits the conditions in which the 

solvolysiss of cw-acylpalladium complexes can be studied. The complex [(syn-
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(Calix[6]arene)diphosphite)Pd(C(0)CH3)(CD3OD)]++ [CF3SO3]" could therefore only be 

studiedd in the presence of a large excess of methanol to accelerate the alcoholysis reaction. 

Thee palladium-silver complex, which was synthesized in situ and was characterized 

byy low-temperature NMR, seems to have no precedent. Similar platinum complexes, 

however,, have been reported by Usón et al.26 These polymeric complexes contain a 

chloride-bridgedd Pt-Ag bond (Pt(u-Cl)Ag). The addition of ligands, such as 

triphenylphosphinee or thiophene, either leads to the formation of monomeric complexes or 

too the precipitation of AgCl. In case of the dppf and DPEphos ligand it appears that silver 

addss over the palladium-chloride bond (scheme 7).26 Silver chloride precipitates when the 

reactionss are performed at room temperature. The entrapment of the silver-palladium 

complexx occurs in methanol solvent at low reaction temperatures only. The large natural 

bite-anglee ligands, such as dppf and DPEphos seems to be capable of trapping the 

palladium-silverr complex, whereas smaller natural bite-angle ligands, such as dppp20 and 

ee (vide supra), are not. The thallium(I) salts are probably 

betterr anion exchange reagents at low temperatures, but its high toxicity prevents it from 

becomingg a standard reagent. 
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Mechanismm of the Solvolysis of Acylpalladium Complexes. Ionic acylpalladium 

complexess were synthesized to study the mechanism and kinetics of the solvolysis reaction, 

sincee neutral acylpalladium complexes contain a coordinated anion, which probably has to 

dissociatee prior to solvolysis. This causes a chloride concentration dependency and causes a 
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loww reaction rate;8 replacement of chloride by a non-coordinating anion will simplify the 

ratee equation. 

Wee will discuss four mechanistic proposals for the solvolysis of acylpalladium bonds 

(schemee 8). 
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Mechanismm A is a direct attack of the nucleophile on the palladium-carbon bond. The direct 

attackk can be excluded, since methanolysis of 2c does not occur and a primary kinetic 

deuteriumm isotope effect is not observed in any other case (kn / ko « 1). Mechanism B 

involvess an oxidative addition of methanol, which results in a cationic Pd(IV) complex that 

undergoess a reductive elimination. This mechanism seems unlikely for phosphine ligands 

andd it does not comply with the low reactivity of CF3CH2OH. Although an oxidative 

additionn mechanism was proven for the protonolysis of the Pt-C bond in neutral Pt(II) 

complexes,27"299 the reactivity of cationic complexes towards acid is much slower and most 

likelyy the reaction does not proceed via an oxidative addition pathway (chapter 3). 

Mechanismm C and D both require the coordination of methanol cis to the acyl group. 
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Complexess containing a terdentate ligand and complexes containing a bidentate ligand and 

anotherr strong coordinating ligand therefore require an extra reaction step to form the 

methanoll  coordinated compound, probably being in equilibrium as shown in scheme 9. 

Schemee 9 
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Alll  four mechanisms in scheme 8 show that during the course of the methanolysis reaction 

acidd is formed. The acid may act as a catalyst in the solvolysis reaction in a way analogous 

too ester hydrolysis (scheme 10).30 

Schemee 10 

O O 
'K'K ^ - C H, 

Pd d 
VP'' "OCH3 

HX X 

,H H 
O O 

RR ^ - C H , 
Pd d 

P'' NOCH3 

n2--

Forr the cis complexes we have observed a strong influence of the acid concentration (vide 

infra,infra, but for 2a we have found surprisingly clean kinetics that suggest that the low acid 

concentrationn has no effect in this type of complexes. 

Thee ligands that coordinate in a /raw-fashion were studied in the presence and in the 

absencee of 1 bar of CO. The presence of CO does not change the reaction rate. The large 

negativee entropy of activation (AS* = ) J K"1 mol"1), which has been observed for 

thee methanolysis of [(DPEphos)PdC(0)CH3]
+ [CF3SO3]", can be accounted for by the 

associativee nature of the pre-equilibrium involving the coordination of methanol. For 

enablingg the methanol to coordinate cis to the acyl group, the ligand has to rearrange to 
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becomee a c«-chelating ligand. The terdentate ligands are indeed capable of rearranging to a 

m-chelatingg ligand, as can be inferred from the addition of ligands, such as 

triphenylphosphine,, to a solution of acylpalladium complexes 2a and 2d giving complexes 

33 a and 3d respectively. 

Thee order of the rate of alcoholysis is: 

methanoll  < ethanol < /-propanol < /-butanol, CF3CH2OH 

Assumingg that the equilibrium constants of the coordination of the alcohol play a major 

role,, the sterically crowded alcohols obviously give a slower alcoholysis reaction. 

CF3CH2OHH is much less reactive towards the acylpalladium complex than ethanol, most 

likelyy due to its reduced nucleophilicity. The very low rate of alcoholysis observed for 

CF3CH2OHH is in agreement with the copolymerization of CO and styrene reported by 

Milanii  et al.31 who observed that in CF3CH2OH higher molecular weight copolymer was 

obtainedd than in methanol. In contrast, Yamamoto et al found that the more acidic alcohol 

resultedd in a faster ester formation.8 This may be caused by the use of neutral complexes 

thatt need to dissociate the coordinated anion prior to the reaction with the alcohol. 

CF3CH2OHH favors the formation of ionic complexes through strong hydrogen bonding and 

thiss may explain the high rate of ester formation in this case. 

Thee order of the rate of methanolysis of the /raws-coordinating diphosphine ligands 

is: : 

dtpff  < Xantphos « dipf < DPEphos 

Thee slow reaction of [(Xantphos)PdC(0)CH3]
+ [CF3SO3]" with methanol can be explained 

byy the rigidity of the Xantphos ligand when compared to the DPEphos ligand. The DPEphos 

ligandd can rearrange to a c/'s-ligand more easily than the rigid Xantphos ligand and in the 

equilibriumm shown in scheme 9 a larger proportion of the cis complex is present. Either the 

cis-transcis-trans rearrangement or the subsequent reaction with methanol is the rate determining 

step;; the concentration of the intermediate cis-complex is below the detection limit of NMR 

spectroscopy,, or the exchange between the two complexes is too fast to allow their 

individuall  characterization. The complex containing the dtpf ligand, 2c, does not react with 

methanoll  at all. The cationic acylpalladium complex is too rigid and sterically crowded to 
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formm a cis complex that can undergo methanolysis. The less crowded dipf complex, 2d, does 

reactt with methanol; faster than the Xantphos complex, 2b, but more slowly than the 

DPEphoss complex, 2a. 

Thee slow alcoholysis found for trans complexes poses a question about the ester and 

acidd formation during alkene oxy-carbonylation that is reported for systems containing 

monodentatee ligands and potential bidentate systems13-3233 that presumably form 

monodentatee complexes. In these studies it is argued that the trans nature leads to ester 

formationn instead of polymer formation, which requires a cis conformation. The rates 

observedd for the ester and acid formation are extremely high (30,000 mol mol" h" at 80-100 

°C).. Extrapolation of the present data shows that rates of 35 mol mol"' h"1 at 80 °C and 0.33 

MM methanol can be expected for the alroholysis. Since the reaction rate shows a first order 

dependencyy on the methanol concentration, this could correspond to 3200 mol mol" h" in 

puree methanol. The observed reaction rate in the CO and ethene copolymerizations reaction 

(25000 mol mol"1 h"1) corresponds very well with this number. Extrapolation of the data for 

thee insertion rates of ethene in the acylpalladium complex shows a rate of 45 mol mol" h" 

att 80 °C and 0.23 M ethene. Assuming a first order dependency on the ethene concentration, 

thiss could correspond to 900 mol mol"1 h"1 at 20 bar of ethene pressure. Thus the alcoholysis 

ratee is in the same order of magnitude as the insertion rate of ethene and explains the 

formationn of low molecular weight oligomers using cationic DPEphos complexes in CO and 

ethenee copolymerization reactions. 

Thee complexes containing a c/s-chelating diphosphine ligand behave differently. For 

thesee complexes a negative order in CO is observed. This is due to a CO dependent term in 

thee rate expression and the solvolysis is slower in the presence of CO. A pre-equilibrium 

betweenn CO and alcohol-coordinated acylpalladium complexes is responsible for this 

(schemee 9 and 10). 
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Thee methanol-coordinated acylpalladium complexes are not very stable. In the 

presencee of 10 equivalents of alcohol ([CH3OH] = 3.3x10"' M) the decarbonylation reaction 

iss much faster than the alcoholysis (scheme 11). The only complex that did not 

decarbonylatee at temperatures at which methanolysis occurred was [(syn-

(Calix[6]arene)diphosphite)Pd(C(0)CH3)(CD3OD)]+[CF3S03]". . 

AA large excess of methanol was necessary to obtain a faster alcoholysis than 

decarbonylation.. We propose a mechanism for the solvolysis of compound [(syn-

(Calix[6]arene)diphosphite)Pd(C(0)CH3)(CD3OD)]++ [CF3S03]" in which proton abstraction 

off  the coordinated methanol or reductive elimination of the ester is rate-limiting (scheme 8, 

mechanismm C and D). The mechanism can be stepwise (C) or concerted (D). The extremely 

largee positive entropy of activation (AS* = ) J K"1 mol"1) can be explained by the 

losss of the proton or the reaction of ions with opposite charges. The rearrangement of the 

ionicc methanol coordinated complex to a neutral complex, which is less solvated and pre-

organizedd in the rate-limiting step, can give rise to a higher positive entropy of activation. 

Similarr effects have been reported in proton transfer studies.34'35 The value found for AS* 

remainss relatively high for such phenomena. 

[(dppp)Pd(C(0)CH3)(CO)]++ [CF3S03]" did not give a solvolysis reaction under neutral 

reactionn conditions. The addition of acid resulted in a solvolysis reaction (scheme 10). The 

acidd seems to activate the acyl group in this case and enhance the electrophilicity of the 

carbonyl-carbon.. The experiments showed that the reaction is slower when a large excess of 

acidd is used. The rate of solvolysis becomes lower when the reaction medium is very acidic, 

whichh may be caused by the reduced ability of the acidic reaction medium to abstract the 

protonn of coordinated methanol, thereby weakening the nucleophilicity. This may explain 

thee low reactivity of CF3CH2OH towards acylpalladium complexes containing cis-

coordinatingg ligands.31 

Conclusions s 

Thee ligand has an enormous influence on die rate of solvolysis of acylpalladium 

complexes.. The acylpalladium complexes containing the dppp ligand do not show 

methanolysiss under neutral reaction conditions, whereas acylpalladium complexes 

containingg the dppf ligand methanolize instantaneously at room temperature. The cis-

coordinatingg bidentate ligands appear to have a mechanism in which the reductive 
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eliminationn is rate-limiting. The terdentate ligands show a mechanism in which the 

equilibriumm with a cw-complex containing the solvating alcohol plays a major role. 

Experimental l 

Generall Synthetic Procedures. All reactions were carried out using standard 

Schlenkk techniques under an atmosphere of purified argon or nitrogen. Toluene was 

distilledd from sodium. Diethylether was distilled from sodium / benzophenone and hexane 

andd pentane were distilled from sodium / benzophenone / triglyme. Alcohols and CH2CI2 

weree distilled from CaH2. Chemicals were purchased from Aldrich Chemical Co. and Acros 

Chimica.. o-C6H4(CH2P(/-Bu)2)2,36 (COD)Pd(CH3)Cl,18 [(L-L)PdCH3(CH3CN)]+ [CF3SO3]" 

(L-LL = DPEphos, dppf,18 sy«-Calix[6]arene diphosphite23), (L-L)Pd(C(0)CH3)Cl (L-L = 

dppp,188 dppf,18 sy«-Calix[6]arene diphosphite23 and (DPEphos)Pd(CH3)Cl (Chapter 2) were 

synthesizedd according to literature procedures. NMR spectra were recorded on a Varian 

Mercuryy 300, a Bruker DRX 300 and a Varian 500 MHz NMR machine. 31P and 13C spectra 

weree measured 'H decoupled (unless stated otherwise). Deuterated solvents were first 

degassedd and then vacuum transferred from a drying agent. CD2CI2 was distilled from CaH2 

andd CD3OD was distilled twice from sodium. CF3COOD was used as purchased. TMS was 

usedd as a standard for lH and 13C NMR spectroscopy and H3PO4 for 3lP NMR spectroscopy. 

Infraredd spectra were recorded on a Nicolet 510 FT-IR spectrophotometer. Elemental 

analysess were performed on a Heraeus Elementar Vario EL. CO (99.9 %) was purchased 

fromm Air Liquide. 

NMRR spectra. In all cases the following settings were used to record NMR spectra: 
]HH NMR: 32 scans, relaxation delay = 3 s. 3IP NMR: 32 scans, relaxation delay = 6 s. 13C 

NMR:: no standard number of scans, relaxation delay = 6 s. 

Synthesiss of [(L-L)PdC(0)CH3]
+ [X]" (2, (L-L) = DPEphos, Xantphos, dtpf or 

dipf).. CO was bubbled through a solution of [(L-L)PdCH3(CH3CN)]+ [X]" ((L-L) = 

DPEphos,, dipf; X = CF3S03, B[(3,5-(CF3)2(C6H3)]4), or [(L-L)PdCH3]
+ [X]" ((L-L) = 

Xantphos,, dtpf; X = CF3S03) in dichloromethane at room temperature. 

[(DPEphos)PdC(0)CH3]
++ [CF3SO3]' (2a). Complex 2a was precipitated by the 

additionn of diethyl ether. Yield: 85 % of a microcrystalline white solid. ]H NMR (CD2CI2, -

900 °C): 7.8-7.1 (Ph, m, 28H), 2.38 (PdC(0)C//3, t, VPH = 1.5 Hz, 3H). 3IP NMR (CD2CI2, -
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900 °C): 7.0 (s). 13C NMR (CD2C12, -90 °C): 215.6 (s). IR (CH2C12, -20 °C): 1710 cm1 

[v(C(0))]. . 

[(DPEphos)PdC(0)CH3)]
++ [BARF]" (2a'). Complex 2a' was precipitated by the 

additionn of pentane. Yield: 73 % of a microcrystalline white solid. A single crystal suitable 

forr X-ray analysis was grown from CH2C12 / Et20. !H NMR (300 MHz, CD2C12, -20 °C): 
31PP NMR (121.5 MHz, CD2C12, -20 °C): 13C NMR (75.4 MHz, CD2C12, -20 °C): IR (KBr): 

17088 cm"1 [v(C(0))]. Anal. Calcd. for (C7oH43BF2402P2Pd): C, 54.20; H, 2.80. Found: C, 

53.88;; H, 2.94. 

X-rayy Crystal Structure Determination of 2a'. A crystal with dimensions 0.40 x 

0.400 x 0.50 mm approximately was used for data collection on an Enraf-Nonius CAD-4 

diffractometerr with graphite-monochromated CuKa radiation and ©-26 scan. A total of 

137700 unique reflections was measured within the range -16<h<16, -18<k<17, 0<1<23. Of 

these,, 12029 were above the significance level of 4o(F0bS) and were treated as observed. The 

rangee of (sin Q)/X was 0.036-0.626A (3.1<9<74.9°). Two reference reflections ([0 2 1], [I 1 

4])) were measured hourly and showed 15% decrease during the 132 h collecting time, 

whichh was corrected for. Unit-cell parameters were refined by a least-squares fitting 

proceduree using 23 reflections with 8O<20<82. Corrections for Lorentz and polarisation 

effectss were applied. Absorption correction was performed with the program PLATON 

(Spek,, 1990), following the method of North et al. (1968) using 4*-scans of five reflections, 

withh coefficients in the range 0.689-0.987. The structure was solved by the PATTY option 

off  the DIRDIF96 program system (Beurskens et al., 1996). The CF3 groups exhibited very 

highh temperature factors and it was possible to divide the F-atoms over different partly 

occupiedd positions, which were kept fixed during the refinement. The hydrogen atoms were 

calculated.. Full-matrix least-squares refinement on F, anisotropic for the non-hydrogen 

atomss and isotropic for the CF3 groups and the hydrogen atoms restraining the latter in such 

aa way that the distance to their carrier remaind constant at approximately 1.0A, converged 

too R=0.103, Rw=0.101, (A/a)max=0.76, S=0.843. A weighting scheme w=[25. + 

0.01*(a(Fobs))22 + 0.001/(o(Fobs))]"1 was used. The secondary isotropic extinction 

coefficientt (Zachariasen 1967 ; Larson 1969) refined to Ext=0.185(7). A final difference 

Fourierr map revealed a residual electron density between -1.4 and 1.9 eA"3 in the vicinity 

off  the CF3 groups. Scattering factors were taken from Cromer and Mann (1968); 

Internationall  Tables for X-ray Crystallography (1974). The anomalous scattering of Pd and 
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PP was taken into account (Cromer and Libermann, 1970). All calculations were performed 

withh XTAL (Hall, King and Stewart 1992), unless stated otherwise. 

[(Xantphos)PdC(0)CH3]
++ [CF3SO3]- (2b). ]H NMR (300 MHz, CD2C12, 25 °C): 

7.9-7.44 (Ph, m, 26H), 2.20 (C(0)CH3, t, VPH = 1.5 Hz, 3H), 1.73 (C(C#3)2, s, 6H). 31P 

NMRR (121.5 MHz, CD2C12, 25 °C): 10.2 (s). 13C NMR (75.4 MHz, CD2C12, 25 °C): 215.1 

(PdC(0)CH3,, s). Anal. Calcd. for (C42H35F305P2PdS): C, 57.51; H, 4.02. Found: C, 58.01; 

H,H, 4.08. 

[(dtpf)PdC(0)CH3)]
++ [CF3S03]- (2c). 'H NMR (300 MHz, CDC13, 25 °C): 5.19, 

4.377 (Cp, s, 8H), 2.91 (C(0)C//3, t, VPH = 1.5 Hz, 3H), 1.48 (C(C//3)3, m, 36 H). 31P NMR 

(121.55 MHz, CDC13, 25 °C): 30.2 (s). 

[(dipf)PdC(0)CH3)]
++ [CF3S031' (2d). 'H NMR (300 MHz, CD2C12, 25 °C): 4.99, 

4.299 (Cp, s, 8H), 2.83 (PdC(0)C//3, s, 3H), 2.42 (Ctf(CH3)2, m, 4H), 1.33 (CH(C//3)2, m, 

24H).. 31P NMR (121.5 MHz, CD2C12, 25 °C): 18.7 (s). 13C NMR (75.4 MHz, CD2C12, 25 

°C):: 220.8 (PdC(0)CH3, s). 

Synthesiss of [(L-L)Pd(C(0)CH3)(P(C6H5)3)]
+ [CF3S03]- (3). An NMR tube was 

chargedd with 0.7 mL of a 3.3x102 M CD2C12 solution of [(L-L)PdC(0)CH3]
+ [CF3S03] ' 

((L-L)) = DPEphos or dipf). An excess of triphenylphosphine was added to the NMR tube at 

roomm temperature. 

[(DPEphos)Pd(C(0)CH3)(P(C6Hs)3)]
++ [CF3S03]" (3a). lH NMR (300 MHz, 

CD2C12,, -50 °C): 8.5 (Ph, m, 1H), 8.0-6.0 (Ph, m, 42H), 1.79 (C(0)C#3, s, 3H). 31P NMR 

(121.55 MHz, CD2C12, -30 °C): 26.5 (P(C6H5)3, dd, VPP = 46.0 Hz and VPP = 241 Hz, IP), 

10.66 (DPEphos, cfc-acyl, dd, , 2JPP = 46.0 Hz and 2JPP = 241 Hz, IP), -0.89 (DPEphos, 

trans-acy\,trans-acy\, 't', 2JPP = 46.0 Hz, IP). ,3C NMR (75.4 MHz, CD2C12, -30 °C): 230.0 

(PdC(0)CH3,, d, 2JPC = 82.1 Hz). 

[(dipf)Pd(C(0)CH3)(P(C6H5)3)]++ [CF3S03]' (3d). 'H NMR (300 MHz, CD2C12, -30 

°C):: 7.8-7.4 (Ph, m, 15H), 4.7-4.2 (Cp, m, 8H), 2.50 (C//(CH3)2, m, 4H), 2.35 (C(0)Gtf3, s, 

3H),, 1.6-1.0 (CH(C//3)2, m, 24H). 3IP NMR (121.5 MHz, CD2C12, -30 °C): 31.6 (P(C6H5)3, 

dd,, VPP = 43.8 Hz and VPP = 228 Hz, IP), 17.2 (dipf, cw-acyl/t', 2yPP = 43.8, IP), 10.8 

(dipf,(dipf, trans-acy\, dd, 2JPP = 43.8 Hz, IP). 13C NMR (75.4 MHz, CD2C12, -30 °C): 230.0 

(PdC(0)CH3,, d, 2JPC = 81.3 Hz). 

Synthesiss of [Pd2(u-H)(n-CO){(L-L)}2]
+ [CF3S03]- (4). An NMR tube was charged 

withh 0.7 mL of an in situ prepared 3.3xl0"2 M CD2C12 solution of 2 or XX. 10 Equivalents 
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off  methanol were added to the solution at room temperature in the presence of CO. All 

solutionss were dark-red after complete conversion of the acylpalladium complex. 

[Pd2(Ki-H)(u-CO){(DPEphos)}2]
++ [CF3SO3]* (4a). 'H NMR (300 MHz, CD2C12, 25 

°C):: 8.0-6.2 (Ph, m, 28H), -6.9 (Pd//, q, VPH = 42.0 Hz, 1H). 3,P NMR (121.5 MHz, 

CD2CI2,, 25 °C): 10.8 (s). 13C NMR (75.4 MHz, CD2C12, 25 °C): 225.1 (Pd2(u-CO), quintet, 

I/PCC = 33 Hz). IR (CH2C12): [v(C(0))] = 1849 cm'1. 

[Pd2(n-H)(n-CO){(Xantphos)}2]
++ [CF3SO3]" (4b). !H NMR (300 MHz, CD2C12, 25 

°C):: 8.0-6.2 (Ph, m, 26H), 1.60 (C(CH3)2, s, 6H), -8.58 (Pd//, quintet, 2Jm = 42 Hz, 1H). 31P 

NMRR (121.5 MHz, CD2C12, 25 °C): 5.5 (s). 13C NMR (75.4 MHz, CD2C12, 25 °C): 217.7 

(Pd(u-CO),, quintet, 2JK = 36 Hz). IR (CH2C12): [v(C(0))] = 1847 cm'. 

[Pd2(^-H)(n-CO){(dipf)}2|
++ [CF3SO3]" (4d) 'H NMR (300 MHz, CD2C12, 25 °C): 

4.86,, 4.68, 4.50, 4.42 (Cp, s, 8H), 2.39 (C//(CH3)2, m, 4H), 1.60 (CH(C//3)2, m, 4H), 1.4-

1.00 (CH(C//3)2, m, 20H), -7.12 (Pd//, quintet, VPH = 39.0 Hz, 1H). 31P NMR (121.5 MHz, 

CD2C12,, 25 °C): 35.3 (s). 13C NMR (75.4 MHz, CD2C12, 25 °C): 233.7 (Pd2(u-CO), quintet, 

VPCC = ?::i Hz). 

[Pd2(n-H)(u-CO){(dppf)hff [CF3SO3]" (4e). 'H NMR (300 MHz, CD2C12, 25 °C): 

7.5-7.33 (Ph, m, 20H), 4.35, 4.08 (Cp, s, 8H), -6.1 (Pd//, quintet, 2Jm = 42 Hz, 1H). 31P 

NMRR (121.5 MHz, CD2C12, 25 °C): 19.2 (s). ,3C NMR (75.4 MHz, CD2C12, 25 °C): 229.7 

(Pd2(u-CO),, quintet, 2J?C = 34 Hz). 

InIn situ synthesis of [(dppf)PdCH3(CD3OD)]+ [CF3SO3I" (6). 

Methodd A. One equivalent of TICF3SO3 in 0.2 mL of CD3OD was added to a 

suspensionn of (dppf)Pd(CH3)Cl in 0.5 mL of CD3OD at -78 °C. !H NMR (300 MHz, 

CD3OD,, -90 °C): 8.0-7.3 (Ph, m, 20H), 4.56, 4.53, 4.40, 4.03 (Cp, s, 8H), 0.50 (PdC//3, br 

m,, 3H). 3,P NMR (121.5 MHz, CD3OD, -90 °C): 43.2 (d, 2JPP = 31 Hz), 19.5 (d, VPP = 31 

Hz). . 

Methodd B. One equivalent of trifluoromethanesulfonic acid was added to a solution 

off  (dppf)Pd(CH3)2 in 0.7 mL of CD2C12 / CD3OD ([Pd] : [CD3OD] = 1 : 100, [Pd] = 3.3x10" 
22 M) at -60 °C. ]H NMR (300 MHz, -60 °C): 7.8-7.3 (Ph, m, 20 H), 4.43, 4.31, 4.27, 4.06 

(Cp,(Cp, s, 8H), 0.51 (PdC//3, d, 2JPH = 6.3 Hz, 3H). 31P NMR (121.5 MHz, -60 °C): 42.6 (d, 

VPPP = 31 Hz), 18.7 (d, 2yPP = 31 Hz). 

InIn situ synthesis of [(dppf)Pd(C(0)CH3(CO)l+ [CF3SO3I" (7). CO was bubbled 

throughh a solution of in situ synthesized [(dppf)PdCH3(CD3OD)]+ [CF3S03]" (method B) at 

-700 °C for 10 min. 'H NMR (300 MHz, -70 °C): 8.0-7.0 (Ph, br m, 20 H), 5.0-3.6 (Cp, br m, 
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8H),, 1.87 (PdC(0)Ci/3, s, 3H). 31P NMR (121.5 MHz, -70 °C): 24.1 (d, 2JPP = 62 Hz), 12.1 

(d,, VPp = 62 Hz). ,3C NMR (75.4 MHz, CD2C12, -70 °C): 229.5 (PdC(0)CH3, s), 175.7 

(Pd(CO),, dd, 2JPC = 82 Hz and 2JPC = 19 Hz). 

InIn situ synthesis of |(dppf)Pd(C(0)CH3)(CD3OD)]+ [CF3S03]" (8). 

Methodd A. One equivalent of T1CF3S03 in 0.2 mL of CD3OD was added to a 

suspensionn of (dppf)Pd(C(0)CH3)Cl in 0.5 mL of CD3OD at -78 °C. *H NMR (300 MHz, 

CD3OD,, -90 °C): 8.1-7.1 (Ph, m, 20H), 4.62, 4.52, 4.37, 4.23 (Cp, s, 8H), 1.93 

(PdC(0)C#3,, br s, 3H). 3lP NMR (121.5 MHz, CD3OD, -90 °C): 28.6 (d, 2JPP = 56 Hz), 

10.22 (d, VPP = 56HZ). 

Methodd B. l3CO was bubbled through a solution of in situ synthesized XX (method 

B)) at -90 °C for 10 min. *H NMR (300 MHz, -90 °C): 8.1-7.2 (Ph, br m, 20 H), 4.9-4.0 (Cp, 

brr m, 8H), 1.88 (PdC(0)Ctf3, br s, 3H). 31P NMR (121.5 MHz, -90 °C): 29.6 (d, 2JPP = 55 

Hz),, 12.0 (dd, VpP = 55 Hz and 2JPC = 101 Hz ). I3C NMR (75.4 MHz, CD2C12, -90 °C): 

236.66 (PdC(0)CH3, d, 2JPC = 101 Hz). 

Synthesiss of (ö-C6H4(CH2P(/-Bu)2)2)Pd(CH3)Cl (11). 1.05 Equivalents of o-

C6H4(CH2P(/-Bu)2)22 in toluene was added to a solution of (COD)Pd(CH3)Cl in toluene. The 

solutionn was stirred for two hours. Pentane was added to the solution to precipitate (o-

C6H4(CH2P(/-Bu)2)2)Pd(CH3)Cl.. The solid was isolated by filtration and washed with 

pentane.. Yield: 64 %. 'H NMR (300 MHz, CDC13, 25 °C): Two compounds: a cis and a 

transtrans compound (1 : 0.08 ratio): 7.5-7.0 (Ph, m, 4H), 4.03 (trans, CH2, d, 2JPii = 8.7 Hz, 

4H),, 3.7-3.2 (cis, CH2, br m, 4H), 1.7-1.3 (C(C//3)3, m, 36H), 1.50 (trans, PdC//3, br, 3H), 

1.166 (cis, PdC#3, dd, VPH = 2.4 Hz and VPH = 6.6 Hz, 3H). 31P NMR (121.5 MHz, CD2C12, 

255 °C): 72.9 (trans, s), 50.9 (cis, 2JPP - 30 Hz), 19.5 (cis, 2JPP = 30 Hz). Anal. Calcd. for 

(C25H47ClP2Pd):: C, 54.45; H, 8.59. Found: C, 54.28; H, 8.46. 

X-rayy Crystal Structure Determination of 11. 

C25H47ClP2Pd,, Fw = 551.42, yellow-green block, 0.24 x 0.21 x 0.21 mm3, orthorhombic, Pbca 

(No.. 61), a = 18.8890(3), b = 14.7439(2), c = 19.6897(2) A, V = 5483.53(13) A3, Z = 8, p = 

1.3366 g/cm3. 102025 reflections were measured on a Nonius KappaCCD diffractometer with 

rotatingg anode (^.=0.71073 A) at a temperature of 150(2) K. 6285 reflections were unique (Rint 

== 0.060). The theta range was 2.03-27.48° with indices hkl -24/24, -19/19, -25/25. The 

absorptionn correction was based on multiple measured reflections (program PLATON37, 

routinee MULABS, JJ. = 0.90 mm"1,0.74-0.79 transmission). The structure was solved with 

Pattersonn methods (DIRDIF97)38 and refined with SHELXL97 39 against F2 of all reflections. 
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Non-hydrogenn atoms were refined freely with anisotropic displacement parameters. Hydrogen 

atomss were refined as rigid groups. The chlorine ligand was disordered over two positions 

withh site occupation factors of 0.87 and 0.13, respectively. 284 refined parameters, 1 restraint. 

R-valuess [I > 2a(I)]: Rl= 0.0257, wR2 = 0.0575. R-values [all refl.]: Rl= 0.0351, wR2 = 

0.0606.. GoF = 1.033. Residual electron density between -0.50 and 0.59 e/A3. Molecular 

illustration,, structure checking and calculations were performed with the PLATON package.37 

(ö-C«H4(CH2P(/-Bu)2)2)Pd(C(0)CH3)Cll  (12). ]H NMR (300 MHz, CDC13, 25 °C): 

7.4-7.00 (Ph, m, 4H), 3.6-3.0 (CH2, br m, 4H), 2.70 (C(0)Ctf3, s, 3H), 1.7-1.1 (C(Ctf3)3, m, 

36H).. 31P NMR (121.5 MHz, CD2C12, 25 °C): 45.6 (2yPP = 52 Hz), 17.0 (2JP? = 52 Hz). 

(o-C6H4(CH2P(r-Bu)2)2)Pd(H)Cll  (13). ]H NMR (300 MHz, CD2C12, 25 °C): 7.4-7.1 

(Ph,(Ph, m, 4H), 3.7-3.4 (CH2, m, 2H), 1.6-1.1 (C(Ctf3)3, m, 36H), -10.5 (PdH, dd, 2Jm = 200 

Hzz and 2JPH = 23.1 Hz). 3IP NMR (121.5 MHz, CD2C12, 25 °C): 67.7 (br, d), 21.6 (d, 2JPP = 

599 Hz). 

InIn situ synthesis of |(n-dppf)Pd(R)(CD30D)Ag(Cl)]+ ICF3SO3I" (R = C(0)CH3 

(14),, CH3 (15)). One equivalent of AgCF3S03 in 0.2 mL of CD3OD was added to a 

suspensionn of (dppf)Pd(R)Cl in 0.5 mL of CD3OD at -90 °C. The NMR tube was shaken 

vigorously. . 

[(H-dppf)Pd(C(0)CH3)(CD30D)Ag(Cl)]++ [CF3SO3]- (14). 'H NMR (300 MHz, 

CD3OD,, -70 °C): 7.7-7.3 (Ph, m, 20H), 5.34, 4.67, 4.54, 3.90 (CP> s, 8H), 2.04 

(PdC(0)C#3,, s, 3H). 31P NMR (121.5 MHz, CD3OD, -70 °C): 23.7 (PdP, s), 5.5 (AgP, two 

d,, './Agp = 711 Hz and 'AgP = 821 Hz). ,3C NMR (75.4 MHz, CD2C12, -70 °C): 220.3 

(PdC(0)CH3,, s). 

[(Mppf)Pd(CH3)(CD3OD)Ag(CI)l++ [CF3SO3]- (15). A 1.8 : 1 mixture of [(u-

dppf)Pd(CH3)(CD3OD)Ag(Cl)]++ [CF3S03]" and [(dppf)PdCH3(CD3OD)]+ [CF3S03]" was 

obtained.. LH NMR (300 MHz, CD3OD, -60 °C): 7.9-7.2 (Ph, m, 20H), 4.91, 4.71, 4.46, 4.45 

(Cp,(Cp, s, 8H), 0.54 (PdC//3, s, 3H). 3,P NMR (121.5 MHz, CD3OD, -60 °C): 33.3 (PdP, s), 5.3 

(KgP,(KgP, two d, VAgP = 709 Hz and ^AgP = 819 Hz). 

[(5>«-(Calix|6|arene)diphosphite)Pd(CH3)(CD3OD)rr [CF3SO3I". An NMR tube 

withh a Young valve was charged with 0.3 mL of a 5.13xl0"2 M solution of (syn-

Calix[6]arenee diphosphite)Pd(CH3)Cl in CD2C12. An 0.4 mL solution of CD3OD containing 

onee equivalent of T1CF3S03 was added to the dichloromethane solution at -90 °C. 'H NMR 

(3000 MHz, CD2C12 / CD3OD, -60 °C): 7.5-7.2 and 6.8-6.6 (Ph, m, 12 H), 4.9-4.3 and 3.9-
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3.66 (CH2, m, 12H), 1.52 (PdCtf3, d, VPH = 11.3 Hz, 3H), 1.4-1.0 (C(Ctf3)3, m, 54H). 3,P 

NMRR (121.5 MHz, CD2C12 / CD3OD, -60 °C): 104.0 (VPP = 122 Hz), 91.8 (2yPP = 122 Hz). 

[(Ms>'w-(Calix[6]arene)diphosphite))Pd(C(0)CH3)(CD30D)Ag(Cl)]++ [CF3SO3]" 

(16).. An NMR tube with a Young valve was charged with 0.3 mL of a 5.13xl0~2 M solution 

off  (syw-Calix[6]arene diphosphite)Pd(C(0)CH3)Cl in CD2C12. An 0.4 mL solution of 

CD3ODD containing one equivalent of AgCF3S03 was added to the solution at -90 °C. ). 31P 

NMRR (121.5 MHz, CD2C12 / CD3OD, -60 °C): 99.8 (AgP, two d, VAgP = 1061 Hz and !JAgp 

== 1225 Hz), 93.0 (PdP, s)). 

[(s^n-(Calix[61arene)diphosphite)Pd(C(0)CH3)(CD3OD)]++ [CF3S03]- (17). An 

NMRR tube with a Young valve was charged with 0.3 mL of a 5.13xl0"2 M solution of (syn-

Calix[6]arenee diphosphite)Pd(C(0)CH3)Cl in CD2C12. An 0.4 mL solution of CD3OD 

containingg one equivalent of T1CF3S03 was added to the solution at -90 °C. ]H NMR (300 

MHz,, CD2C12 / CD3OD, -60 °C): 7.5-7.2 and 6.9-6.6 (Ph, m, 12H), 4.7-4.4 and 4.1-3.7 

(CH(CH22,, m, 12H), 2.66 (PdC(0)C//3, s, 3H), 1.4-1.0 (C(C//3)3, m, 54H). 31P NMR (121.5 

MHz,, CD2C12 / CD3OD, -60 °C): 106.4 (VPP = 188 Hz), 90.2 (2/PP = 188 Hz). 

Synthesiss of (DPEphos)Pd(C(0)CH3)Cl (18). CO was bubbled through a solution 

off  0.30 mmol (DPEphos)Pd(CH3)Cl in 5 mL of dichloromethane at room temperature for 3 

hours.. The solution was filtered over celite and pentane was added to the mother liquor to 

precipitatee 1. The white solid was isolated by filtration and washed twice with 5 mL 

pentane.. Yield: 91 %. lH NMR (300 MHz, CD2C12, -35 °C): 8.67, 7.9-6.2 (Ph, m, 28H), 

1.888 (PdC(0)C//3, s, 3H). 31P NMR (121.5 MHz, CD2C12, -35 °C): 12.2 (d, 2JPP = 49.7 Hz), 

3.2(d,VpPP = 49.7Hz). 

Kineticss of the Alcoholysis Reaction of [(DPEphos)PdC(0)CH3]
+ [CF3SO3]" (2a). 

Thee reaction was followed by !H NMR spectroscopy (methanol, ethanol, 1,1,1-

trifluoroethanoll  and f-butanol) or 3,P NMR spectroscopy (/-propanol). NMR probe 

temperaturess were calibrated using an anhydrous methanol sample. An NMR tube with a 

Youngg valve was charged with 0.700 mL of a 3.3x10"2 M CD2C12 solution of 

[(DPEphos)PdC(0)CH3]
++ [CF3S03] \ 10 Equivalents of the alcohol (ROH) were added to 

thiss solution at -78 °C. The tube was shaken and immediately transferred to the NMR probe, 

whichh was set to the required temperature and the spectra were acquired after the 

temperaturee of the probe was stabilized. The integrals of PdC(0)C//3 and ROC(0)C//3 were 

measuredd to follow the decay of [(DPEphos)PdC(0)CH3]
+ [CF3S03] . The mass balance 

wass checked using the C//DC12 peak. 
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Kineticss of the Alcoholysis Reaction of [0y/t-Calix[6]arene 

diphosphite)PdC(0)CH3ff  [CF3SO3J". The reaction was followed by ]H NMR 

spectroscopy.. NMR probe temperatures were calibrated using an anhydrous methanol 

sample.. An NMR tube with a Young valve was charged with 0.3 mL of a 5.13xl0"2 M 

solutionn of (s>7!-Calix[6]arene diphosphite)Pd(C(0)CH3)Cl in CD2C12. An 0.4 mL solution 

off  CD3OD containing one equivalent of TICF3SO3 was added to the solution at -90 °C. The 

NMRR tube was shaken and immediately transferred to the NMR probe, which was set to the 

requiredd temperature and the spectra were acquired after the temperature of the probe was 

stabilized.. The integrals of PdC(0)C//3 and C//3C(0)OCD3 were measured to follow the 

decayy of [(syw-Calix[6]arene diphosphite)Pd(C(0)CH3)(CD3OD)]+ [CF3S03] \ The mass 

balancee was checked using the C//DCI2 peak. 

Catalyticc CO / Ethene Copolymerization Reactions. The experiments were carried 

outt in a 180 mL stainless steel autoclave. The autoclave was charged with 20 mL of 

methanoll  and 0.100 mmol of p-toluenesulfonic acid and was pressurized with 10 bar of 

ethene.. The autoclave was then heated to 80 °C. A 1 mL dichloromethane solution 

containingg 0.20 mmol (DPEphos)Pd(CH3)(CF3C02) or [(Xantphos)PdCH3]
+ [CF3S03]" , 

wass introduced into the autoclave and the autoclave was further pressurized to 20 bar of CO 

andd ethene ( 1 :1 ratio). The autoclave was depressurized after one hour. The methanol 

solublee fractions were analyzed by GC, GC-MS, *H and l3C NMR spectroscopy (CDC13). 

Thee products with higher boiling points than methylpropionate were analyzed by *H and 13C 

NMRR spectroscopy in CD2C12 / CF3C02D (90 : 10, v /v). 

Analysiss of oligomeric Products. 

H3COC(0)CH2CH2C(0)C2H5.. *H NMR (300 MHz, CDCI3, 25 °C): 3.67 (OC#3, s, 

3H),, 2.72 (Ctf2C(0)CH2CH3, t, VHH = 6.6 Hz, 2H), 2.59 (C//2C(0)0CH3, t, VHH = 6.6 Hz, 

2H),, 2.48 (C#2CH3, t, VHH = 7.3 Hz, 2H), 1.07 (CH2C//3, t,
 3JHH = 7.3 Hz, 3H). 13C NMR 

(75.44 MHz, CDC13, 25 °C): 209.3 (C(0)CH2CH3, s), 173.2 (C(0)OCH3, s), 51.5 (OCH3, s), 

36.55 (CH3CH2C(0)CH2, s), 35.5 (H3COC(0)CH2, s), 27.6 (CH2CH2C(0)OCH3, s), 7.6 

(CH3CH2,, s). GC-MS: m/z = 144. 

H3COC(0)CH2CH2C(0)OCH3.. *H NMR (300 MHz, CDC13, 25 °C): 3.69 (OCH3, 

s,, 3H), 2.63 (CH2, s, 4H). 13C NMR (75.4 MHz, CDC13, 25 °C): 172.8 (C(0)OCH3, s), 51.8 

(CH2CH3,, s), 28.9 (C(0)(CH2)2, s). GC-MS: m/z = 146. 
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