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Chapterr  4 

Palladium(O)) Complexes with Bidentate 
Nitrogenn and Phosphorus Ligands for the 

Stereoselectivee Hydrogenation of 
1-Phenyl-1-propynee to 

(Z)-11 -phenyl-1 -propene# 

4.11 Introductio n 

Thee catalytic hydrogenation of unsaturated hydrocarbons has been extensively studied.1 

Inn recent years chemo- and stereoselective hydrogenations of unsaturated carbon-carbon 

doublee and triple bonds have taken a fundamental role in organic synthesis, both in 

laboratoryy as well as in industry. The hydrogenation of carbon-carbon double bonds has 

beenn mostly described. Although the selective hydrogenation of internal alkynes to 

(Z)-alkeness is a very desirable tool, the hydrogenation of triple bonds has received much 

lesss attention. Various catalysts are suitable for this semi-hydrogenation reaction, many 

off  which are heterogeneous, such as the Lindlar catalyst,3 nickel boride,4 and the "P2Ni" 

catalyst.. There are also examples of homogeneous systems with various metals and 

ligands,, but only a few exhibit a good selectivity towards a variety of alkynes with 

differentt functional groups. Examples of homogeneous catalysts with a high selectivity 

forr the (Z)-alkene are the cationic Rh(I) systems of Schrock and Osborn,6 and the 

Cr(arene)(CO)33 complexes by Sodeoka and Shibasaki.7 Surprisingly littl e is known 

aboutt the effect of the ligands on this reaction and very few systematic studies 

concerningg this aspect have been reported in literature. In Chapter 2 the selective 

homogeneouss Pd(0)-catalyzed hydrogenation of alkynes to (Z)-alkenes8 was reported, a 

#.. Part of the work in this Chapter has been published: van Laren, M.W.; Duin, M.A.; Klerk, C; Nagkia, 
M.;; Rogolino, D.; Pelagatti, P.; Bacchi, A.; Pelizzi, C; Elsevier, C.J. Organometallics 2002, 21, 1546. 
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Schemee 4.1: Hydrogenation of alkynes using Pd(Ar-bian)(dmfu) as a pre-catalyst 

reactionn tolerant of functional groups that proceeds under very mild conditions (25 °C, 

11 bar H2 pressure). 

.Thee precatalysts employed are the Pd{Ar-bian)(alkene) compounds, which had 

previouslyy been used in the homogeneous hydrogenation of electron poor alkenes and 

inn carbon-element bond formation reactions. This type of Pd(0) complex is able to 

hydrogenatee a wide variety of alkynes to the corresponding (Z)-alkenes, with good to 

excellentt selectivities (Scheme 4.1). Moreover, the complexes are completely stable 

underr hydrogen until the substrate has been semi-hydrogenated to the alkene. It was 

observedd that the selectivity in the hydrogenation of 1-phenyl-1-propyne strongly 

dependss on the nature of the substituents attached to the imine nitrogens of the bian 

ligand.. It was reported by Pelagatti etal that the homogeneous hydrogenation of alkenes 

andd alkynes can be also accomplished, under mild conditions, by using Pd(II ) complexes 

containingg potentially tridentate ligands as pre-catalysts; for the acetylenic substrates 

aa good chemoselectivity to the corresponding alkenes was found. 

Thiss chapter deals with the use of bidentate and tridentate nitrogen ligands of the 

pyridine-2-carbaldiminee (pyca) type, of bipyridine (bipy) and of bidentate 

phosphorus-nitrogenn ligands, as well as bidentate phosphorus ligands. The synthesis of 

aa series of Pd(0) complexes of the type Pd(LL)(/^-alkene) complexes and their use as 
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catalystss in the homogeneous stereoselective semi-hydrogenation of alkynes is also 

discussed.. The pyca type ligands have already been applied before in the synthesis of 

Pd(0)) complexes stabilized by electron-poor alkenes '14 and the equilibrium of the 

alkenee exchange has been studied. The only example known of homogeneous 

hydrogenationn catalyzed by Pd(NN)( ^-alkene) complexes where NN is a di-imine or a 

pyridyl-iminee ligand, apart from those reported, has been reported by Ruffo, employing 

diiminess containing carbohydrate substituents as catalyst for the hydrogenation of 

severall  alkenes in water. It was found that the homogeneity of this process is strongly 

dependentt on the pH of the reactant solution. The other types of ligands have not been 

appliedd before in the hydropgenation of alkynes. The pyca type ligands may, due to their 

expectedd hemilability, more or less readily promote an open coordination position for 

activationn of hydrogen. This also applies to bipy and to the non rigid P-N ligands 5c and 

5d.. Also the presence of two different donor sites allows for variable coordination of the 

twoo donor sites to incipient Pd-species dependent on the type of donor atom required for 

aa stable intermediate, and might therefore lead to a more stable and active catalyst 

a:: R = Ph e: R = NMe2 
b:: R = p-An f: R = n-Bu 
c:: R = ;-Pr g: R = (CH2)2OH 
d:: R = t-Bu 

Chartt 4.1: The various ligands that were employed. 
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Forr a good comparison of the effect of different donor atoms, also the bidentate 

phosphoruss ligands dppe and dppf were applied. We synthesized a variety of bidentate 

ligandss and their palladium(O) complexes with dimethylfumarate (drnfu) as ancillary 

ligandd (Chart 4.1). 

Furthermore,, the effect of a third nitrogen donor atom was studied (ligands 1), since 

thesee tridentate ligands might stabilize the incipient zerovalent Pd-species by forming 

tricoordinatee 16-electron Pd(NNN) complexes. 

4.22 Results and discussion 

4.2.11 Ligand and complex synthesis 

Thee pyca-ligands have been prepared by condensation of the pyridyl-2-carbonyl 

compoundd with the appropriate amine, in the presence of molecular sieves and, where 

necessary,, a catalytic amount of />-toluenesulfonic acid 

H20,, H+ 

THF F 

NH2-R R 

THF F 

PPh22 N—R 

c:: R = /-Pr 
d:: R = = f-Bu 

Schemee 4.2: Synthesis of P-N ligands 5c and 5d. 
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Thee P-N ligands were prepared using a variety of techniques. The ligands 5c and 5d were 

preparedd starting from 2-bromobenzaldehyde (Scheme 4.2). 

Firstt the aldehyde function was protected with ethyleneglycol, yielding the acetal, after 

whichh the diphenylphosphine moiety was introduced via a Grignard reaction. After 

deprotectionn of the aldehyde and condensation with the appropriate amine 5c and 5d 

weree obtained. Ligand 6 was synthesized starting from benzonitrile, which was 

convertedd into the phenyloxazoline via a reaction with 2-aminoalcohol using zinc 

chloridee as a template (Scheme 4.3) 

THF F 
~~ + n r -60 - -45 C OO + n-BuLi — — - —1*-

TMEDA A 
OO + Ph2PCI 

THF F 

-45 U C-^RT T 

Schemee 4.3: Synthesis of ligand 6. 

Thee phosphine compound was obtained by ortho-lithiation using n-butyllithium and a 

subsequentt reaction with chlorodiphenylphosphine. The same reaction using 

.sec-butyllithiumm did not yield the desired product. Ligand 7 was obtained starting from 

8-aminoquinolinee which was converted into 8-bromoquinoline via the diazonium salt 

(Schemee 4.4). 

Schemee 4.4: Synthesis of ligand 7. 

Thee phosphine moiety was introduced by reaction with .sec-butylithium and 

chlorodiphenylphosphinee after earlier attempts via a Grignard and also comparable 

routess using n-butyllithium and tert-buty\lithium, which yielded a mixture of at least ten 

differentt phosphine compounds. Palladium complexes were obtained by reaction of 

Pd(dba)22 (dba = dibenzylidene acetone) with the appropriate ligand, in the presence of 
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dimethylfumaratee (dmfu) as ancillary ligand in a 1:1.1:1.1 molar ratio, according to 

Schemee 4.5 and Scheme 4.6 

RR R E 

1a,bb _ — ^ ioa,b 

E E 

2c-gg - 11c-g 
3a-cc  12a-c 
4cc _ 13c 

Schemee 4.5: Synthesis of Pd°(NN)(dmfu) complexes. 

Threee different methodologies were followed: (i) stirring all reactants at room 

temperatureinn dry acetone for 8 to 36 hours, (ii ) stirring the solution of the NTN-ligand 

andd dmfu in dry acetone while small portions Pd(dba)2 are added at 45 °C over several 

hours,, or (iii ) stirring all reagents in dry tetrahydrofuran (THF) for 2 hours. Most 

complexess could be obtained by the first method, except l i d , for which an extensive 

releasee of palladium black was observed without any formation of the complex. This was 

thoughtt to arise from steric repulsions between the demanding t-Bu group bonded to the 

iminee nitrogen and the ester groups of the dmfu; then the synthesis was attempted using 

thee less steric maleic anhydride as ancillary ligand, but also here palladium black was 

formedd and no product formation could be detected. However, when the second method 

wass applied complex l i d was obtained in 58% yield, without extensive formation of 

palladiumm black. Also 12c could not be obtained using the first method, but it was 

successfullyy synthesized using the second method. Later on during the investigation the 
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thirdd method, which involves the use of THF as solvent at room temperature, was 

adopted. . 

+ + 
,C02Mee T H F 

'Pd' ' 
M e cc i ^ O O z M e 

Me02OC C 
c:: R = i-Pr 
d:: R = f-Bu 

5c,dd 14c,d 
// x 6 . 15 

Ph2PP PPh2 7 - 16 
99 ^ 18 

9 9 

Schemee 4.6: Synthesis of Pd°(P-N)(dmfu) complexes. 

Thiss procedure proved to be superior to the former methods, since the reactions were 

completee within 2 hours, higher yields were obtained and the work-up was much easier. 

Itt was therefore extended to the synthesis of all complexes and also gave good results for 

l i dd and 12c. However, the complex containing ligand 3d could not be obtained with any 

off  the aforementioned methods, in this case extensive precipitation of palladium was 

observedd (vide infra). NMR spectroscopy 

Pd-complexesPd-complexes containing Bidentate Nitrogen Ligands 

Thee H NMR spectra of the pyca-complexes (Table 4.1) all show similar characteristics. 

Theree is a noticeable, but not uncommon, low frequency shift of the alkene resonances 

off  the dmfu, caused by the 7t-back donation of palladium into the alkene n-orbital. The 
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twoo halves of the alkene are not equivalent, they either show a broadened signal, 

indicatingg slow alkene rotation on the NMR time scale, as in 10a,b, l le-g and 12a,b or 

twoo signals, as in l lc,d, 12c and 13c, that couple with each other to give doublets. The 

latterr can only be explained assuming a rigid coordination of the dmfu to the palladium 

inn these complexes, i.e. no or very slow rotation around the Pd-alkene axis occurs on the 

NMRR time scale. The 3JH H coupling of about 9 to 10 Hz can be determined for the alkene 

protonss of l lc,d, 12c and 13c, whereas for the complexes 10a, l le-g, and 12a,b the 

severee broadening of the same signals does not allow determination of any coupling 

constantt in those cases. The dmfu in complexes 1 lc,d, 12c and 13c experience hindrance 

fromm the sterically demanding z'-Pr or /-Bu group, preventing the dmfu from freely 

rotatingg around the Pd-alkene bond. This leads to the non-equivalence of the alkene 

protonss and thus to two anisochronous resonances and the JHH coupling is observed. 

Inn the case of complexes 10a,b, l le-g and 12a,b with the less sterically demanding 

R-groupss on the imine, the rotation is less hindered, leading to a severe broadening of 

thee alkene signals. In complex 12c one can imagine that the methyls of the i-Pr group are 

placedd so as to reduce the steric repulsions with the methoxy group of the dmfu and the 

methyll  group of the imine carbon, and the rotation around the N(imine)-CH(CH3)2 bond 

iss consequently hampered. Since the complexes 10a and 10b are not stable under 

hydrogenationn conditions (vide infra), their dynamic behavior was not further 

investigated.. In the case of complexes l i e, 12c and 13c, containing an j'-Pr group on the 

imine,, the Z-Pr methyl groups become diastereotopic upon coordination of the ligand, 

andd indeed two signals are observed for these methyl groups. Due to the low solubility 

off  the complexes in most common non-chlorinated NMR solvents and to their extensive 

decompositionn in chlorinated solvents, within the time required to obtain C-NMR 

spectraa (usually more than 1 hour), high quality C-NMR data have been obtained only 

forr l i e , l i d and l lg . At low temperatures (-20 °C), the solubility dropped so 

considerablyy that decent ,3C-NMR signals were not observed even after measuring for 

188 hours. 
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Tablee 4,1: Selected LH NMR data for compounds 10-13. 

# # 

10a a 

l i e e 

l i d d 

l i e e 

l l f f 

H g g 

12a a 

12b b 

12c c 

13c c 

R R 

Phb b 

/-Prc c 

r-Bud d 

NMe2
e e 

H-Buf f 

(CH2)2 2 

-OHS S 

Phh h 

p-An p-An 

i - P^ ^ 

j -Pr l l 

6 6 

--

8.855 d 

[5] ] 

8.833 d 

[4.8] ] 

8.600 d 

[5] ] 

8.799 d 

[4.2] ] 

8.800 d 

[4.2] ] 

8.888 d 

[5] ] 

8.888 d 

[4.2] ] 

8.900 d 

[4.2] ] 

2.844 s 

5 5 

7.844 d 

[8] ] 

7.555 m 

2H H 

7.51 1 

pst t 

7.244 m 

2H H 

7.511 m 

7.56 6 

pst t 

7.64 4 

pst t 

7.55 5 

pst t 

7.49 9 

pst t 

7.32 2 

pst t 

4 4 

8.05 5 

pst t 

7.92 2 

pst t 

7.91 1 

pst t 

7.72 2 

pst t 

7.92 2 

pst t 

7.94 4 

pst t 

8.05 5 

pst t 

7.96 6 

pst t 

7.91 1 

pst t 

7.76 6 

pst t 

3 3 

8.577 d 

[8] ] 

7.555 m 

2H H 

7.588 d 

[7.8] ] 

7.244 m 

2H H 

7.577 d 

[7.8] ] 

7.611 d 

[7.8] ] 

7.911 d 

[7.8] ] 

7.822 d 

[8.1] ] 

7.733 d 

[5.4] ] 

7.455 d 

[8.1] ] 

7 7 

9.277 s 

8.411 s 

8.27s s 

7.088 s 

8.322 s 

8.422 s 

2.333 s 

3H H 

2.333 s 

3H H 

2.400 s 

3H H 

8.400 s 

=CH H 

(alkene) ) 

4.04-3.92 2 

br r 

3.955 d 

3.877 m [9] 

3.966 d 

3.788 d [10.2] 

4.01-3.72 2 

br r 

4.00-3.90 0 

br r 

4.12-3.94 4 

br r 

3.84-3.45 5 

br r 

3.61-3.38 8 

br r 

3.911 d 

3.799 d [9.6] 

3.888 m 

3.788 d [9.3] 

C02CH3 3 

(alkene) ) 

3.40-3.00 0 

br r 

3.611 s 

3.600 s 

3.599 s 

3.588 s 

3.61 1 

br r 

3.62 2 

br r 

3.65 5 

br r 

3.60 0 

br r 

3.82 2 

br r 

3.611 s 

3.599 s 

3.600 s 

3.588 s 

a)a) In brackets are reported the coupling constants, b) HC=N 8.68 (s, 1H); Ph 7.40(m, 5H). c) 

CH(Me)22 + 1H alkene 3.87 (m, 2H); CH3 1.46 (d , 3H, 3JHH = 6.0 Hz), 1.24 (d, 3H, 3JHH = 6.0 Hz). 

d)d) t-Bu 1.42 (s, 9H). e) N(CH3)2 3.31 (s, 6H). ƒ) N-CH2 3.90-3.70 (br, 2H); N-CH2-CH2 1.88 (m, 

2H);; CH2-CH3 1.38 (m, 2H); CH2-CH3 0.97 (t, 3H, 3JHH = 7.5 Hz), g) CH2CH2OH 4.10-3.70 (br, 

4H).. h) Ph 7.44 (d, 2H, 3JHH = 7.4 Hz), 7.38 (pst, 1H, 3JHH = 7.4 Hz), 7.41 (d, 2H, 3JHH = 7.4 Hz), 

f)) p-An 7.05 (d, 2H, 3JHH = 8.7 Hz), 6.92 (d, 2H, 3JHH = 8.7 Hz), k) CH(Me)2 4.10 (sep, 1H, 3JHH = 

6.33 Hz), CH3 1.49 (d, 3H, 3JHH = 6.0 Hz), 1.17 (d, 3H, 3JHH = 6.0 Hz), ƒ) CH(Me)2 3.86 (m), 

CH(CH3)22 1.49 (d, 3H, 3JHH = 6.3 Hz), 1.24 (d, 3H, 3JHM = 6.3Hz) 

Pd-complexesPd-complexes containing Bidentate P-N ligands 

Thee H NMR spectra of the different P-N complexes (14 c,d, 15 and 16) basically show 

thee same features as the complexes containing pyca-type ligands. There is a very 

significantt low-frequency shift of the alkene resonances of the dmfu and a broadening 

69 9 



off  the alkene signal, indicative of slow alkene rotation on the NMR time scale in 

complexx 15, or two separate alkene signals that couple with each other, as can been seen 

inn complexes 14c,d and 16. This is indicative of slow or no rotation around the Pd-alkene 

axiss on the NMR time scale. The alkene protons of 14c,d and 16 exhibit a JHH coupling 

off  between 10.0 and 10.3 Hz and are comparable or somewhat larger than the 

correspondingg pyca type complexes. The splitting of the alkene complexes in the 

complexess 14c and 14d can be explained by the steric hindrance experienced by the 

dmfuu from the sterically demanding i-?r and ^-Bu group on the imine, preventing the 

alkenee from freely rotating around the Pd-alkene bond, leading to the nonequivalnece of 

thee alkene protons and therefore to two anisochronous resonances with a JHH coupling. 

Inn the less sterically demanding ligand of complex 15 a very severe broadening of the 

alkenee signal is observed, indicating a hindered rotation, but not so hindered as to lead 

too different signals. For complex 16, steric hindrance also leads to the splitting of the 

alkenee proton resonances. In this system there is no sterically demanding R-group on the 

N-donor,, which is a quinoline, but this is the only P-N ligand which forms a five 

memberedd ring with palladium upon coordination and is therefore likely to give rise to 

moree steric crowding than comparable ligands that form a six membered ring upon 

coordinationn such as 14c,d and 15. Add to this the relatively bulky diphenylphosphine 

groupp and there is apparently enough steric crowding in 16 to lead to the two different 

signalss for the alkene protons. For all four of the P-N complexes C-NMR data could 

bee obtained, due to the higher stability of these complexes in chlorinated solvents. This 

cann be attributed to the higher stabilizing qualities of phosphine donors as compared to 

nitrogenn donors, due to the very good donor-acceptor qualities of phosphine donors. A 

veryy significant upfield shift of between 86 and 90 ppm is observed for the alkene 

carbonss of the dmfu upon coordination, whereas the carbonyl carbons exhibit a 

downfïeldd shift of about 9 ppm upon coordination. For all four complexes (14c,d, 15 and 

16),, the two alkene signals of the dmfu are different, indicating that the rotation of the 

alkenee around the Pd-alkene axis is slow on the carbon NMR time scale. This splitting 

off  the alkene signal was also observed with hydrogen NMR for complexes 14c,d and 16, 

butt not for 15. The carbonyl signals are also split in 14c and 16, but not in complexes 

14dd and 15. 
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4.2.22 X-ray Crystal Structur e of 12c 

Singlee crystals of 12c0.5 CH2Cl2 suitable for X-ray diffraction were obtained from a 

refrigeratedd dichloromethane solution. The compound crystallizes with two independent 

complexx molecules and one dichloromethane molecule in the asymmetric unit. The pair 

off  complex molecules, which do not display significant geometric differences, is related 

byy a non-crystallographic two-fold axis parallel to z, simulating a orthorhombic Pnca 

space-group,, perturbed by distortion of /?to 93.369(2)°. The coordination sphere around 

thee 16-electron Pd(0)center is formally square-planar, based on the NN chelation of 

ligandd 3c and o n af interaction with the alkene, with the N,N,C-C,Pd system planar 

withinn 0.08A in both cases. However, the coordination may be conveniently described 

alsoo as trigonal planar, by taking the midpoint M of the alkenic C-C bond as third 

coordinationn position: the ligand bite angle is 76.4(1) and 76.0(1)° respectively for the 

twoo complexes, and the Pd-Mdirections form angles ranging from 137.9(1) to 145.9(1)° 

withh the Pd-N bonds. The geometry of ligand 3c can be compared with the one observed 

forr analogous aldimine and cyclo-ketimine compounds (pyridineketimine)Pd(II)-

(C1)(CH3C(0))188 and Pd(0)(aldimine)(fn) (fn = fumaronitrile = (£)-1,2-dicyano-

ethene)) complexes. In our system, the bond lengths C(Ar)-C(CH3) = 1.489(5), 

1.485(5),, C(CH3)=N = 1.282(5), 1.282(5), N-C(*-/V) = 1.483(5), 1.486(5) A are 

perfectlyy comparable with those observed for the above mentioned Pd(II) and Pd(0) 

compoundss (ranges: 1.418-1.484, 1.262-1.286, 1.473-1.497 A for the three bonds), 

showingg that the metal oxidation state does not greatly influence either the electron 

distributionn on the ligand conjugate system, or the Pd-N bond lengths, which in the 

Pd(0)-alkenee systems (2.115, 2.160A in the Pd(aldimine)(fn) complex, 2.120-2.165A in 

thee present compound) are comparable to the average of those shown by the Pd(II) 

complexess (ranges: 2.062-2.081 A for trans-C\, 2.171-2.275A for trans-C bonds) This is 

accomplishedd by the two above Pd(0) systems by extensive back donation into the 

highlyy electron withdrawing ^*  orbitals of the alkenes fn and dmfu. The C=C bond in 

thee alkene ligands is remarkably weakened, being 1.427A for fn,19 and 1.422(5) and 

1.423(5)AA in the present dmfu complex. The latter C=C bond is significantly weaker 

thann the one observed in the only other Pd(0)(dmfu) complex structurally known 

(Pd(dmfu)(dimethylamino)ethyl-diphenyll  -phosphino-ferrocene)20 (1.409A), while the 
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Pd-CC bonds are correspondently stronger (2.055, 2.077A for 12c and 2.083, 2.154A for 

thee phosphine containing system). The dmfu molecule is in this case slightly twisted 

aroundd the C=C bond: C15-C11-C12-C13 = 154.8(3), C31-C27-C28-C29 = 

154.6(4)°.Thee comparison of Pd-N distances between 12c and the above similar 

Pd(0)(aldimine)(fn)) compound suggests that the replacement of the aldimine HC=N 

withh a methyl group affects the strength of the Pd-N(imine) bond, which is stronger in 

Pd(0)(aldimine)(fn))) (2.115A) than in 12c (2.143(3) and 2.165(3)A) respectively, 

whereass the reverse is observed for the Pd-N (pyridine) bond (2.160A in 

Pd(0)(aldimine)(fh)) and 2.120(3) and 2.123(3)A in 12c). The solid-state structure of one 

complexx molecule is depicted in Figure4.1 

Figuree 4.1: X-ray crystal structure of 12c. 

Selectedd bond lengths and angles for the structure are given in Table 4.2 
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Tablee 4.2: Selected bond lengths and angles for 12c. 

Atoms s 

Pd(l)-C(12) ) 

Pd(l)-C(ll) ) 

Pd(l)-N(l) ) 

Pd(l)-N(2) ) 

Pd(l)-A/7 7 

N(l)-C(l) ) 

N(2)-C(6) ) 

N(2)-C(8) ) 

C(l)-C(6) ) 

C(ll)-C(12) ) 

C(ll)-C(15) ) 

C(12)-C(13) ) 

Atoms s 

C(12)-Pd(l)-C(ll) ) 

C(12)-Pd(l)-N(l) ) 

C(ll)-Pd(l)-N(l) ) 

C(12)-Pd(l)-N(2) ) 

C(ll)-Pd(l)-N(2) ) 

N(l)-Pd(l)-N(2) ) 

A//-Pd(l)-N(l) ) 

A/7-Pd(l)-N(2) ) 

bondd distance (A) 

2.055(3) ) 

2.072(3) ) 

2.120(3) ) 

2.143(3) ) 

1.937(3) ) 

1.362(4) ) 

1.282(4) ) 

1.483(5) ) 

1.489(5) ) 

1.422(5) ) 

1.445(5) ) 

1.467(5) ) 

Anglee (deg) 

40.3(1) ) 

119.3(1) ) 

159.4(1) ) 

164.2(1) ) 

123.9(1) ) 

76.4(1) ) 

139.5(1) ) 

144.0(1) ) 

Atoms s 

Pd(2)-C(27) ) 

Pd(2)-C(28) ) 

Pd(2)-N(3) ) 

Pd(2)-N(4) ) 

Pd(2)-M2 2 

N(3)-C(17) ) 

N(4)-C(22) ) 

N(4)-C(24) ) 

C(17)-C(22) ) 

C(27)-C(28) ) 

C(27)-C(31) ) 

C(28)-C(29) ) 

Atoms s 

C(27)-Pd(2)-C(28) ) 

C(27)-Pd(2)-N(3) ) 

C(28)-Pd(2)-N(3) ) 

C(27)-Pd(2)-N(4) ) 

C(28)-Pd(2)-N(4) ) 

N(3)-Pd(2)-N(4) ) 

M2-Pd(2)-N(3) ) 

M2-Pd(2)-N(4) ) 

bondd distance (A) 

2.055(4) ) 

2.077(4) ) 

2.122(3) ) 

2.165(3) ) 

1.939(4) ) 

1.353(4) ) 

1.281(4) ) 

1.485(5) ) 

1.485(5) ) 

1.423(5) ) 

1.466(5) ) 

1.462(5) ) 

Anglee (deg) 

40.3(1) ) 

117.7(1) ) 

157.8(1) ) 

166.0(1) ) 

125.9(1) ) 

75.9(1) ) 

137.9(1) ) 

145.9(1) ) 

Regardingg the intramolecular arrangement of ligand 3c and dmfu around Pd in 12c, the 

shortestt contact observed is between /-Pr and the nearest methoxy oxygen of dmfu: 

C9...044 = 3.622(5) and C25...06 = 3.622(6)A for the two independent molecules, and 

inn both cases the pair of i-Pr methyl groups point towards the oxygen atom, rather than 

beingg pushed away from it. This is a consequence of the steric hindrance of the CH3C=N 

methyll  group, which restricts the freedom of rotation of the /'-Pr around N-C in the range 

Pd-N-C(H)-CH33 = 25-90° for a minimum repulsive contact of 3.4A (observed value 74° 

forr both molecules). The oscillation of *'-Pr group is further reduced between 65° and 90° 
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byy the presence of the CH30- group of the dmfu ligand (a rotation of the /-Pr group 

beloww 65° implies a close contact between /-Pr and CH3O- of less than 3.4A). This could 

explainn the fact that the obtainment of a stable complex containing the steric demanding 

ligandd 3d is not possible. The equivalence of Pd-N-C-CH3 torsion angles in the two 

independentt molecules (73.6(4)°) and 74.2(4)°) suggests that the shape and the 

moderatelyy positive charge distributions on the methyls of the z'-Pr group is capable to 

interactt with the local partial negative charge on the methoxy oxygen, by means of 

mediumm range favorable electrostatic interaction. This would explain why in both 

moleculess one *'-Pr...dmfu distance is shorter than the other (3.622, 4.077 and 3.62, 

3.9922 for C(/-/V)...0(dmfu) in the two molecules). A displacement from the 

arrangementt found in the solid state would decrease the electrostatic attraction and 

increasee the repulsive effect. This also explains why the rotation of the alkene around the 

bondd to Pd is hindered in solution on the NMR time-scale. 

4.2.33 Hydrogenation 

Thee Pd(LL)(dmfu) complexes have been used in the hydrogenation of 

1-phenyl-1-propynee as the substrate (Scheme 4.7). 

11 mol% Pd(LL)(dmfu) . r 
Phh = — -+ / r + H2,, THF, 25 C / 

Phh Ph 

Schemee 4.7: Hydrogenation of 1-phenyl-1-propyne. 

Thiss substrate was chosen because it gave, in the corresponding Pd(Ar-bian)(dmfu) 

catalyzedd hydrogenations, a high, but not complete selectivity to (Z)-1 -phenylpropene 

withh concomitant formation of some (3-7%) of the (£)-isomer and 1-phenylpropane 

(6-35%).. Hence, comparison would be relevant for this substrate. The results have been 

collectedd in Table 4.3. 
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Tablee 4.3: Hydrogenation of 1-phenyl-1-propyne. 

Complexx % (Z)-alkene % (E)-alkene % alkane % Conversion 

100 0 

87 7 

53 3 

77 7 

96 6 

77 7 

86 6 

59 9 

100 0 

100 0 

80 0 

100 0 

a)) Referred at the catalyst decomposition, b) Decomposed immediately when the substrate was 
added,, c) Decomposed when subjected to a hydrogen atmosphere, d) Very slow reaction, 24 hours 
weree needed to obtain full conversion. 

Thee hydrogenations were carried out under mild conditions, 1 bar of H2-pressure and 

255 °C, using 1 mol % of catalyst.8 Al l complexes exhibited catalytic activity, 

approximatelyy 1-1.5 hours were needed for 100 % conversion. The one exception is the 

Pd(dppe)(dmfu)) catalysed hydrogenation, which proceeded very slowly but steadily and 

244 hours were needed to obtain full conversion. In none of the cases an induction period 

wass observed. 

10ab b 

10bc c 

l i e e 

l i d d 

l i e e 

l l f f 

Hg g 

12ac c 

12b b 

12c c 

13c c 

14c c 

14d d 

15 5 

16 6 

17 7 

18d d 

87 7 

78 8 

50 0 

68 8 

85 5 

28 8 

76 6 

50 0 

87 7 

87 7 

74 4 

80 0 

Immediatee decomposition 

Immediatee decomposition 

33 10 

33 6 

3 3 

22 7 

44 7 

Immediatee decomposition 

33 46 

44 6 

33 6 

44 9 

133 <1 

Noo reaction 

Noo reaction 

33 3 

22 18 
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Pd(Ö)-complexesPd(Ö)-complexes containing pyca-type ligands 

Thee Pd(0) complexes containing pyca type ligands (10a,b, l lc-g, 12a-c and 13c) have 

beenn chosen because of their different electronic and steric properties. In this way a good 

comparisonn could be made on the effect of the substituents and the effect of the different 

substituentss could be determined. The substituents on the imine nitrogen range from the 

slightlyy electron withdrawing phenyl and the weakly donating/7-anisyl group, to the very 

electron-donatingg dimethyl-amino group. The various complexes show a markedly 

diversee behavior in catalysis, especially concerning the stability of the catalyst during 

thee hydrogenation. At first, the complexes 10a and 10b were tested. As mentioned, the 

tridentatee ligands could potentially stabilize the corresponding Pd(0) complexes under 

hydrogenationn conditions, thanks to their chelating effect. However, we observed that 

complexx 10a decomposes immediately upon addition of the alkyne, even before being 

subjectedd to a hydrogen atmosphere, whereas 10b decomposes within a few seconds 

afterr the introduction of hydrogen into the system. The most resembling bidentate 

analogues,, complexes 12a and 12b, show a higher stability during the hydrogenation: 

complexx 12a remains stable when the substrate is added, as compared to 10a which 

decomposess after addition of the substrate, and 12b is stable for some time under 

hydrogentionn conditions, as compared to 10b, which decomposes immediately when 

subjectedd to hydrogenation conditions. Hence it can be concluded that the tridentate 

ligandss exhibit no additional stabilizing effects. Therefore, the use of the tridentate 

ligandss was not further pursued, and the investigation was directed to the complexes 

containingg the pyridinecarboxaldimine (pyca) type ligands. 

Thee most stable catalyst proved to be l i e, which decomposes only after the complete 

conversionn of the alkyne. The selectivity observed is high, with 87% of the (Z)-alkene 

formed,, the main side product being 1 -phenylpropane resulting from the overreduction 

off  the alkene. Al l other catalysts decompose prior to reaching total conversion of the 

alkyne,, either at a very high conversion, as in the case of the complexes l ld, g and 12c, 

orr almost immediately after the start of the reaction, as in the case of l i e or 13c. From 

thesee results it can be concluded that the stability of the catalysts strongly depends on the 

naturee of the imine substituents, which must be the result of a delicate balance between 

stericc and electronic effects. The four most stable catalysts, l lc,d,g and 12c, all have a 
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goodd cr-donating alkyl group on the imine nitrogen. This can be considered beneficial 

forr its coordinating capability. When l i e is compared to 12c, it is obvious that the 

additionall  inductive effect of the CH3 doesn't have any positive effect on the stability, 

sincee 12c decomposes before full conversion of the alkyne (86% conversion). This 

mightt stem from the increased steric requirements of the ligand, as inferred by X-ray and 

NMRR data. Also l i d is inferior to l i e with respect to the stability under hydrogenation 

conditions,, as it decomposes before the full conversion of the substrate (decomposition 

att 87% of conversion); in this case it is obvious to invoke steric factors, which then seem 

moree important than the inductive ones. When a methyl group is added in 6-position of 

thee pyridine moiety as in 13c, the augmented electron donating capability of the 

heteroaromaticc ring is not sufficient to overcome the encumbrance generated in the 

coordinationn plane, and a decreased stability is observed. Complex 13c in fact, 

decomposess at low (59%) conversion. In the case of l i e, with the very electron donating 

NMe2-groupp on the imine nitrogen, a high selectivity is observed, but palladium 

precipitationn occurs in an early stage of the reaction (53% conversion). When the 

catalystss 12a and 12b are compared, the drastic effect of the electronic features of the 

ligandd becomes apparent. With a relatively small change in electron withdrawing 

capability,, a rather large difference in stability is observed. The catalyst with the phenyl 

groupp (12a) decomposes immediately when subjected to hydrogenation conditions, 

whereass the catalyst with the /?-anisyl group (12b) remains stable for a longer time 

duringg the hydrogenation, leading to a 77% conversion. Since the steric requirements are 

thee same, it seems apparent that the more electron donating capacity of the />-anisyl 

groupp has a beneficial effect on the lifetime of the catalyst. Worth noticing is the fact that 

complexx 12b leads to the lowest chemo-selectivity observed with the employed 

complexess (46% of alkane). This can be explained by considering the absence of a 

partiall  steric crowding (for 12a,b) created in the coordination plane when alkyl groups 

aree bound to the imine nitrogen (as in l lc,d,g and 12c), which allows only the 

coordinationn of the alkyne, excluding the poorer coordinating alkene. None of these 

Pd(NN)(alkene)) complexes are as stable as the Pd(Ar-bian)(alkene) type complexes 

duringg the hydrogenations, although their stereoselectivity in alkyne hydrogenation (i.e. 

thee selectivity towards the (Z)-alkene) is comparable. Several of the complexes are 

moree stable than the previously studied complexes with the bidentate nitrogen ligands 
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bipyy and dab. From these results it can be concluded that, in order to obtain a stable and 

activee catalyst containing a pyca type ligand, a not too bulky and good a-donor group on 

thee imine nitrogen is required; excessive steric encumbrance in the coordination plane 

mustt be avoided. Regarding the imine carbon substituent, the proton is preferred to the 

methyl,, due to torsion within the five membered palladacycle in case of the latter, 

decreasingg the complex stability. 

Pd(0)-complexesPd(0)-complexes containing bidentate P-N ligands 

Apartt from Pd(NN) systems als four Pd(0) complexes with P-N ligands have been 

screenedd in the hydrogenation of 1 -phenyl- 1-propyne. The first two (14c and d) can be 

consideredd to be the P-N analogues of the N-N complexes l i e and d. There is a small 

differencee in sofar that the pyca type ligands form five membered rings with Pd(0) and 

144 c and d form six membered rings. They have the same imine function with the same 

Z-Prr and f-Bu groups and a diphenylphosphine group as donor instead of a pyridine 

nitrogenn and are therefore also hemilabile and able to promote an open coordination 

positionn for activation of hydrogen. Complexes 14c and d show a high stabilty under 

hydrogenationn conditions, with no decomposition observed even after total consumption 

off  the alkyne. In this respect these complexes are more comparable to the Pd(0)(bian) 

complexess than with the Pd(0)(pyca) complexes. Precatalysts 14c and d also exhibit a 

veryy high selectivity towards the (Z)-alkene of 87 %, which is similar to the result for the 

bestt bian system (92%) . However, there is a remarkable difference between 14c and 

14d.. With catalyst 14c, the alkane is the main side-product and only littl e isomerization 

too the (£)-alkene is observed, while with 14d, overreduction to the alkane is almost 

absentt but isomerization to the (E)-alkene is a prominent side reaction. Where this 

noticeablee difference stems from is not clear and cannot easily be explained from the 

smalll  difference between an /-Pr group and a f-Bu group. Complex l i e is also stable 

untill  total consumption of the alkyne, but decomposes immediately after that and the 

complexess with pyca type ligands do not even last that long. Clearly 14c and 14d are 

superiorr to their pyca type analogues. The higher stability of these complexes containing 

P-NN ligands can be explained by the presence of a phosphine donor with its very good 

donatingg qualities. In combination with the very flexible imine function, this results in 

stablee and selective precatalysts which are useful for the selective hydrogenation of 
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alkynes.. Complexes 15 and 16 however do not exhibit a measurable catalytic activity. 

Theyy remain stable under hydrogen atmosphere but after eight hours of being subjected 

too hydrogenation conditions no consumption of the alkyne had occured. This might be 

explainedd by the fact that these ligands are less hemilabile, in case of 15, or are quite 

rigid,, which prevents an easy dissociation of the quinoline nitrogen as in the case of 16. 

Pd(0)-complexesPd(0)-complexes containing bipyridine and dppe 

Forr a final comparison between different ligand systems containing nitrogen and 

phosphoruss donors, the Pd(0) complexes of bipyridine (17) and dppe (18) with dmfu 

weree tested as precatalysts in the hydrogenation of 1-phenyl-1-propyne. The bipy 

complexx 17 is also very selective towards the (Z)-alkene as long as it remains stable. This 

complex,, however, decomposes at about 80 % conversion and has a stability that is 

comparablee to most of the pyca type ligands except l ie. Clearly a more donating second 

donorr atom is needed than a pyridine nitrogen. The dppe containing complex 18 is also 

aa very stable precatalyst; the same as the other phosphorus containing complexes (14c,d, 

155 and 16). It is somewhat surprising that this complex shows catalytic behaviour at all, 

consideringg the behaviour of 15 and 16, which do not exhibit any catalytic behaviour 

overr a period of 8 hours, and the fact that 18 has two very donating atoms and can hardly 

bee considered as a hemilabile ligand. The selectivity of 80 % toward the (Z)-alkene is 

muchh less that that of all the other stable precatalysts, which exhibit a selectivity of 92% 

forr the bian system and 87 % for the other systems. There is an especially large amount 

off  alkane being formed, which increases steadily throughout the reaction period while 

thee underlying ratio between (Z)-alkene, (E)-alkene and alkane remains the same. 

4.33 Conclusions 

AA variety of palladium complexes have been used for the selective hydrogenation of 

1-phenyl-1-propyne.. These include complexes containing bidentate N-N, P-N and P-P 

ligands.. In general it can be said that all complexes containing a phosphorus donor are 

stablee under hydrogenation conditions, even after total consumption of the alkyne, but 

whenn these ligands do not posses one hemilabile donor site such as the imine group in 
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144 c and 14d, the reaction is either very slow as with the P-P ligand dppe (18), or doesn't 

takee place as with 15 and 16. The bidentate nitrogen ligands show a much lower stability 

andd only one remains stable until total consumption of the alkyne ( l ie). Al l complexes, 

withh the exception of 12b and 18, exhibit the same inherent selectivity, i.e. the selectivity 

beforee an eventual decomposition, towards the (Z)-alkene. There are very noticeable 

differencess in the hydrogenation behaviour of the complexes with pyca-type ligands that 

cann be explained from the steric and electronic properties of the different substituents, 

bothh those on the imine nitrogen and carbon and those on the pyridine ring. The nature 

off  the substituent on the imine nitrogen seems to be the most determining factor 

regardingg the stability of the various pre-catalysts under hydrogenation conditions; the 

betterr the a-donating capacity of the substituent, the higher the stability of the complex. 

Furthermore,, it was shown that increasing the steric bulk of the ligand results in lower 

stability,, even when these substituents might have beneficial inductive effects. The 

inherentt selectivities of these complexes in the hydrogenation of 1-phenyl-1-propyne, 

exceptt for 12b and 18, are all comparable with each other and somewhat lower than that 

withh the best known Pd(Ar-bian) system.8 Their stability, with the exception of l ie, 14c 

andd 14d and 18 is inferior when compared to that of the Pd(Ar-bian) systems. 

4.44 Experimental section 

4.4.11 General Methods 

Chemicalss were obtained from Acros Chimica and Aldrich Chemical Co. All synthetis of lig-

ands,, complexes and hydrogenations were carried out in dried glasswork, using standard Sch-

lenkk techniques under an atmosphere of purified nitrogen. THF and Et20 were distilled from 

sodium/benzophenone,, acetone was distilled from K2CO3, and dichloromethane from CaH2. 

Primaryy alkyl amines were distilled before use and stored under nitrogen on molecular sieves 

(44 A). The aldehydes and ketones were distilled prior to use and stored under nitrogen. Other 

chemicalss were used as received. The starting materials dba21 and Pd(dba)2
22 were prepared ac-

cordingg to literature procedures. 'H and l3C NMR data were recorded on a Bruker AMX300 or 

aa Varian Mercury300 spectrometer ('H: 300.13 MHz, 13C: 75.47 MHz), using either CDC13 as 

aa solvent and as an external reference ('H, 7.26 ppm; 13C, 77.0 ppm) or CD2C12 (*H, 5.32 ppm; 
13C,, 54.0 ppm). IR-spectra were recorded on a Nicolet 5PC FT-IR or a Bio-Rad FTS-7 using a 

KBrr pellet. The gaschromatographic analyses were performed on a Dani HP 3800 flame-ioni-
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zationn gas chromatograph (OV 101 on a CHP capillary column) or a Varian 3300, DB-5 col-

umn. . 

4.4.22 Ligand synthesis 

Mostt of the ligands described below have been reported before, usually well characterized, for 

thee ligand see the references cited: la23a, 2c,d,23b'c 2e,23d 2f,23b 2g,23e 3a,23f 4c23c<s The ligands 

weree synthesized using somewhat different methods than reported before, and these methods 

aree described below. For the atom labelling of the ligands for NMR see Chart 4.1. 

2,6-di(N-phenylcarbaldimino)pyridin ee (la) 

AA solution of 2,6-pyridinedicarbaldehyde (0.71 g, 5 mmol) and aniline (1.14 g, 12.5 mmol) in 

500 ml of absolute ethanol was refluxed for half an hour. Upon cooling a white powder precipi-

tated.. The solution was filtered and the powder was recrystallized from absolute ethanol and 

driedd in vacuo. Yield: 0.57 g (40%) of a white powder. JH NMR: 8 8.69 (s, 2H, H7), 8.32 (d, 

2H,, H3-H5,
 3JHH = 7 Hz), 7.96 (pst, 1H, H4,

 3JHH = 7 Hz), 7.34 (m, 10H, Ph). IR (cm"1): 

v(C=N)) - 1567 w. m.p. (°C): 134. Anal. Calc for C19H15N3: C, 80.07; H, 5.26; N, 14.73. 

Found:: C, 79.55; H, 5.27; N, 14.52. 

2,6-di(N-4-methoxyphenylcarbaldimino)pyridinee ( lb) 

Thee same procedure was used as for compound la, using the same mole amounts, but in this 

casee a white solid precipitated immediately; this was filtered, washed with diethyl ether and 

driedd in vacuo. 

Yield:: 0.35 g (72%) of a white powder. ]H NMR: 5 8.71 (s, 2H, H7), 8.25 (d, 2H, H3,H5,
 3JHH 

== 8 Hz), 7.91 (pst, 1H, H4,
 3JHH = 8 Hz), 7.37 (d, 4H, p-An, 3JHH = 9 Hz), 6.97 (d, 4H, p-An, 

3JHHH = 9 Hz), 3.85 (s, 6H, OCH3). IR (cm-1): v(C=N) = 1596 w. m.p. (°C): 156. Anal. Calc for 

C21H19N302:: C, 73.11; H, 5.55; N, 12.17. Found: C, 72.99; H, 5.40; N, 11.96. 

2-(N-2-propanecarbaldimino)pyridinee (2c) 

AA solution of 2-pyridinecarbaldehyde (0.55 g, 5 mmol) and 2-isopropylamine (3.0 g, 50 mmol) 

wass stirred in 50 ml of dry diethyl ether in the presence of activated molecular sieves (4 A) for 

300 minutes. The solution was filtered, the collected molsieves washed with dry diethyl ether and 

thee solvent removed in vacuo. Yield: 0.14 g (97 %) of a yellow oil. *H NMR: 5 8.57 (d, 1H, H6, 
3JHHH = 5 Hz), 8.33 (s, IH, H7), 7.92 (d, 1H, H3,

 3JHH = 8 Hz), 7.65 (pst, 1H, H4,
 3JHH = 8 Hz), 

7.222 (pst, IH, H5,
 3JHH = 5 Hz), 3.60 (sept, IH, CH(CH3)2,

 3JHH = 6 Hz), 1.21 (d, 6H, 

CH(CH3)2,,
 3JHH = 6 Hz). IR (cm'1): v(C=N) - 1526 w. 
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2-(N-f-butanecarbaldimino)pyridin ee (2d) 

Thee same procedure was used as for compound 2c, using the same mole amounts. The excess 

off  amine was varied between 1.1 and 10 equivalents. Yield: 0.16 g (98%) of a yellow oil. 'H 

NMR:: 2d, 6 8.55 (d, 1H, H6,
3JHH - 5 Hz), 8.29 (s, 1H, H7), 7.94 (d, 1H, H3,

 3JHH =9 Hz), 7.63 

(pst,, 1H, H4,3JHH = 9 Hz), 7.20 (pst, 1H, H5,
 3JHH = 5 Hz), 1.24 (s, 9H, CH3). 

2-(N-dimethylaminocarba)dimino)-pyridin ee (2e) 

Thee same procedure was used as for compound 2c, using the same mole amounts. Yield: 0.15 

gg (>99%) of a yellow oil. ]H NMR: 5 7.92 (d, 1H, H6,
 3JHH = 5 Hz), 7.24 (d, 1H, H3,

 3JHH - 8 

Hz),, 7.08 (pst, 1H, H4,
 3JHH = 5 Hz), 6.72 (s, 1H, H7), 6.55 (pst, 1H, H5,

 3JHH = 5 Hz), 2.48 (s, 

6H,, CH3). 

2-(N-butanecarbaldimino)pyridinee (2f) 

Thee same procedure was used as for compound 2c, using the same mole amounts. Yield: 0.16 

gg (>99%) of a yellow oil. 'H NMR: Ö 8.47 (d, 1H, H6,
3JHH = 4 Hz), 8.21 (s, 1H, H7), 7.83 (d, 

1H,, H3,
3JHH = 9 Hz), 7.54 (pst, 1H, H4,

3JHH = 9 Hz), 7.11 (pst, 1H, H5,
3JHH = 5 Hz), 3.51 (t, 

2H,, CH2-N, 3JHH = 6 Hz), 1.56 (m, 2H, CH2), 1.27 (m, 2H, CH2), 0.78 (t, 3H, CH3,
 3JHH = 7 

Hz). . 

2-(N-2-ethanolcarbaIdimino)-pyridinee (2g) 

Thee same procedure was used as for compound 2c, using the same mole amounts. The resulting 

oill  was washed with ethanol to remove the excess of the high boiling amine.Yield: 0.15 g (99%) 

off  a yellow oil. ]H NMR: 5 8.63 (d, 1H, H6,
 3JHH = 5 Hz), 8.41 (s, 1H, H7), 7.92 (d, 1H, H3, 

3JHHH = 9 Hz), 7.70 (pst, 1H, H4,
 3JHH = 9 Hz), 7.30 (pst, 1H, H5,

 3JHH = 5 Hz), 3.95 (t, 2H, 

CH2OH,, 3JHH = 6 Hz), 3.81 (t, 2H, CH^-N, 3JHH = 6 Hz), 2.75 (br, 1H, OH). 

2-(N-phenylacetimino)pyridinee (3a) 

AA solution of 2-acetylpyridine (0.61 g, 5 mmol) and a slight excess (5.5 mmol) of aniline (0.51 

g)g) in 15 ml of dry toluene, was heated in the presence of activated molecular sieves (4 A) to 120 

oCC in an Ace pressure tube for 72 hours. The reaction mixture was filtered and the solvent evap-

orated.. The remaining oil was washed with ethanol and dried in vacuo. Yield: 0.82 g (83%) as 

aa yellow oil; 'H NMR: 8 8.67 (d, 1H, H6,
 3JHH = 5 Hz), 8.27 (d, 1H, H3,

 3JHH = 8 Hz), 7.78 

(pst,, 1H, H4,
 3JHH = 8 Hz), 7.36 (pst, 1H, H5,

 3JHH = 5Hz), 2.36 (s, 3H, CH3) 
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2-(N-4-methoxyphenylacetimino)pyridinee (3b) 

Thee same procedure was used as for compound 3a, using 0.62 g of p-anisidine. Yield 84 % as 

aa red oil. !H NMR: 5 8.64 (d, 1H, H6,
 3JHH = 5 Hz), 8.24 (d, 1H, H3, 3JHH = 8 Hz), 7.76 (pst, 

1H,, H4,
 3JHH = 8 Hz), 7.34 (pst, 1H, H5,

 3JHH = 5 Hz), 6.91 (d, 2H, p-An, 3JHH = 7 Hz), 6.79 

(d,, 2H, p-An, 3JHH = 7 Hz), 3.81 (s, 3H, OCH3), 2.37 (s, 3H, CH3). 

2-(N-2-propaneacetimino)pyridine(3c) ) 

Thee procedure was identical to that reported for 3a except for the reaction time which was 48 

hourss long. Yield: 0.58 g (79 %) as a yellow oil. 'H NMR: 5 8.52 (d, 1H, H6,
 3JHH = 6 Hz), 

7.999 (d, 1H, H3,
 3JHH = 8 Hz), 7.50 (pst, 1H, H4,

 3JHH = 8 Hz), 7.22 (pst, 1H, H5,
 3JHH - 6 Hz), 

3.866 (sept, 1H, CH(CH3)2,
 3JHH = 6 Hz), 2.31 (s, 3H, CH3), 1.18 (d, 6H, CH3). 

2-(N-f-butaneacetimino)pyridinee (3d) 

Thee procedure was identical to that reported for 3a except for the reaction time which was 48 

hourss long. Yield: 0.58 g (65%) as an orange oil. 'H NMR: 5 8.58 (d, 1H, H6,
 3JHH = 5 Hz), 

7.944 (d, 1H, H3,
 3JHH = 9 Hz), 7.74 (pst, 1H, H4,

 3JHH = 9 Hz), 7.40 (pst, 1H, H5,
 3JHH = 5 Hz), 

2.666 (s, 3H, C(CH3)=N), 1.31 (s, 9H, t-Bu). 

2-(N-2-propanecarbaldimino)-6-methylpyridinee (4c) 

Thee same procedure was used as for compound 2c except 6-methyl-2-pyridinecarbaldehyde 

wass used. Yield: 0.16 g (99%) of a yellow oil. [H NMR: 5 8.35 (s, 1H, H7), 7.79 (d, 1H, H3, 
3JHHH - 8 Hz), 7.59 (pst, 1H, H4,

 3JHH = 8 Hz), 7.14 (d, 1H, H5,
 3JHH = 7 Hz), 3.60 (sept, 1H, 

CH(CH3)2,,
 3JHH = 6 Hz), 2.56 (s, 3H, CH3(py)), 1.25 (d, 6H, CH(CH3)2,

 3JHH = 6 Hz). 

2-bromobenzaldehyde-ethylenee acetal 

Too a solution of 2-bromobenzaldehyde (20.0 g, 108 mmol) and ethyleneglycol (20 mL, 359 

mmol)) was added a catalytic amount of/7-toluenesulphonicacid, and the solution was refluxed 

untill  no more water was produced (15 h) using a Dean-Stark apparatus. The mixture was con-

centratedd and the resulting oil was dissolved in dichloromethane. This solution was washed 

twicee with 2M NaOH (15mL) and three times with brine (15 mL). The solution was dried on 

MgS04,, filtered and concentrated. The resulting oil was destilled in vacuo giving a colorless 

oil.. Yield: 21.54 g (94 mmol; 87%).]H NMR: 5 7.59 (d, 1H, 3JHH = 7.8 Hz), 7.53 (d, 1H, 3JHH 

== 7.8 Hz), 7.33 (d, 1H, 3JHH = 7.8 Hz), 7.18 (t, 1H, H, 3JHH = 7.8 Hz), 6.09 (s, 1H, H7), 

3.97-4.122 (m, 4H, H8+9).
 13C NMR: 8 136.96 , 133.17 , 130.89 , 128.16 , 127.69 , 123.17 , 

102.799 (CHacetal), 65.67 (CH2 aceta l). 
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2-diphenylphosphino-benzaldehyde-ethylenee acetal 

Inn a three-necked flask magnesium (1.6 g, 65.8 mmol) in dry THF (150 mL) was activated by 

additionn of a few drops of dibromoethane. To this mixture was added 2-bromobenzalde-

hyde-ethylenee acetal (13.64 g, 59.6 mmol) in a dropwise fashion and the resulting reaction mix-

turee was stirred for 1 hour. At a temperature of between -10 °C and 0 °C 

chlorodiphenylphosphinee (10.7 mL, 59.6 mmol) was added dropwise. The mixture was stirred 

forr 1 hour, the solution was hydrolyzed at -10 °C with 80 mL of a concentrated NH4C1 solution 

andd the product was extracted with toluene (3x 150 mL). The resulting solution was filtered over 

silicaa and the THF and toluene were evaporated in vacuo. The resulting light yellow oil was 

crytallisedd from methanol, yielding white crystals. Yield: 7.76 g (23.2 mmol, 39 %). *H NMR: 

55 7.72-6.95 (m, 14 H), 6.44 (d, 1H, H7,
 4JHP = 4.8 Hz), 4.11-3.95 (m, H8+9, 4H). 13C NMR: 8 

149.86,, 142.51 , 141.93, 137.37, 137.07, 136.37, 135.93, 134.34, 134.24, 133.74, 129.71 

,, 129.37 , 128.82 , 128.78 , 128.62 , 126.76 , 126.64 , 101.97 (CHacetal), 65.64 (CH2 acetaI). 
3IP-NMRR (121.5 MHz, CDC13) 5 -15.85. 

(2-diphenylphosphanyIbenzylidene)-/.w-propylaminee (5c) 

Too a solution of 2-diphenylphosphinebenzaldehyde-ethyleneacetale (1.0 g, 3.0 mmol) in dry 

THFF (30 mL) was added an excess of concentrated HC1, and the solution was refluxed for 1.5 

hours.. The solution was washed with a concentrated Na2C03 solution (3 x 25 mL) and dried on 

MgS04.. To the resulting solution of 2-diphenylphosphine-benzaldehyde in THF was added an 

excesss of isopropylamine and a catalytic amount of /Moluenesulphonic acid and this solution 

wass refluxed for 2 hours in the presence of molsieves (3 A). The resulting solution was washed 

withh concentrated Na2C03 solution (2 x 10 mL). After evaporation of the solvent a brown oil 

wass collected, form which white crystals were obtained by crystallization from acetone.Yield: 

0.633 g (1.9 mmol, 64 %). 'HNMR: 8 8.88 (d, H7, 1H, 4JHP = 4.8 Hz), 7.99-6.83 (m, 14H), 3.39 

(m,, H8, 1H)„  1.05 (d, H9, 6H, 3JHH = 6.0Hz).13C NMR: 8 156.89 (d, Cimine,
 3JCP = 12.5 Hz), 

139.766 , 139.44 , 137.23 , 136.87 , 136.54, 136.26 , 134.08 , 133.93 , 132.87 , 129.85 , 128.76 

,, 128.50, 127.46,61.21 (CH,_Pr), 23.82 (CH3 t.pr)
 31P-NMR (121.5 MHz, CDC13) 6-12.84. 

(2-diphenylphosphanylbenzylidene)-terf-butylaminee (5d) 

Thee same procedure was used as for compound 5c, except that the product was obtained as a 

lightt yellow powder after evaporation of the solvent and didn't need to be recrystallized. Yield: 

733 %. 'H NMR: 8 8.79 (d, H7, 1H, 4JHP = 3.0 Hz), 7.95-6.82 (m, 14H), 1.07 (s, H9, 9H) 13C 

NMR:: 8 154.64 (d,Cim ine,
3JCP= 12.4 Hz), 140.37, 140.13, 137.73, 137.43,136.84,136.68 

,, 134.55 , 134.40 , 132.98 , 129.95 , 128.83 , 128.77 , 127.61 , 127.53 , 57.94 (CMe3), 29.70 

(C(CH3)3)..
 31P-NMR (121.5 MHz, CDC13) 8 -16.55. 
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8-bromoquinoline e 

Too a solution of 8-aminoquinoline (5.0 g, 34.7 mmol) in water (75 mL) was added HBr (36 mL 

off  a 33 % solution in acetic acid), ice (50 g) and NaN02 (2.5 g in 20 mL of water, 36.2 mmol). 

Thiss darkred solution was the added dropwise to a solution of CuBr (8.0 g, 41.8 mmol) in HBr 

(1000 mL of a 33 % solution in acetic acid) at 70 °C. Upon cooling a red precipitate was formed, 

whichh was filtered and washed with water. The precipitate was treated with a concentrated 

NaOHH solution and extracted with diethylether. The ethereal layer was collected, the diethyl-

etherr evaporated and the resulting brown oil was destilled in vacuo, resluting in a colorless oil. 

Yield:: 2.22 g (10.7 mmol, 31 %). !H NMR: 5 8.91 (dd, H8, 1H, 3JH8H7 = 4.2 Hz,4JH8H6 = 1.5 

Hz),, 8.25 (dd, H6, 1H, 3JH6H7 = 7.9 Hz, 4JH6H8 = 1.5 Hz), 8.04 (dd, H2, 1H, 3JH2H3 = 7.6 Hz, 
4jH2H4== 1-5 Hz), 7.83 (dd, H4, 1H, 3JH4H3 = 8.1 Hz, 4JH4H2,= 1.5 Hz), 7.52 (dd, H7,1H, 3JH7H6 

== 7.9 Hz, 3JH7H8 = 4-2 H z ) ' 7-41 (Pst> H3> 1H> 3jHH = 7-8 Hz).13C NMR: 8 160.61 (HCNquino. 

,ine),, 144.36 (CqN), 137.05 , 133.12 , 129.51 , 127.70 , 126.83 , 123.48 , 121.72 . 

2-(-2-(diphenylphosphino)phenyl)-oxazolinee (6) 

Too a solution of 2-phenyl-2-oxazoline (3.68 g, 25 mmol) and tetramethylethylenediamine (4.5 

mL,, 30 mmol) in dry THF (100 mL) was added at -60 °C a 1.6 M solution of n-BuLi in hexanes 

(18.755 mL, 30 mmol). The solution turned a dark red instantaneously and soon after this a 

brownredd suspension was formed. This suspension was stirred for 1.5 h. at temperatures of be-

tweenn -45 and -60 °C before at a temperature of-45 °C chlorodiphenylphosphine (5.4 mL, 30 

mmol)) was added. The mixture turned a light yellow and later a dark red and was stirred over-

nightt at room temperature. The mixture was quenched with a saturated ammonium chloride so-

lutionn and the organic products were extracted with ether. The resulting solution was 

concentratedd and purified by column chromatography (ether/hexanes mixtures). Yield: 1.72 g 

(5.22 mmol, 21 %). ]H NMR: 8 7.85 (m, HI, 1H), 7.25-7.46 (m, HAr, 12H), 6.89 (m, H4, 1H), 

4.077 (t, H5,2H, 3JHH = 9.9 Hz), 3.74 (t, H6, 2H, 3JHH = 9.9 Hz). 13C NMR: S 164.39 (d, Cimine, 
3JCPP = 3.1 Hz), 138.98 , 138.78 , 137.87 , 137.78 , 134.02 , 133.85 , 133.70 , 133.56 , 133.55 , 

131.84,, 131.69, 131.14, 130.29, 129.68, 129.66, 128.79, 128.59, 128.54, 128.49, 128.32 

,, 128.26 , 128.20 , 128.13 , 128.03 , 127.87 , 67.38 ( O - C ^ , ^ ), 55.15 ( N - C ^ , ^ ). 
31P-NMRR (121.5 MHz, CDC13) 8 -4.29. 

8-(diphenylpho$phino)quinolinee (7) 

Too a solution of 8-bromoquinoline (1.0 g, 4.8 mmol) in dry THF at -78 °C was added seobutyl-

lithiumm (3.7 mL of 1.3 M solution in hexane, 4.8 mmol) in a dropwise fashion. After 5 minutes 

att -78 °C, chlorodiphenylphosphine (1.16 g, 5.3 mmol) was added and the mixture was allowed 

too warm up to roomtemperature. The solution was neutralized with HCl-solution (3M), the THF 
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layerr was collected and the solvent removed under reduced pressure. The resulting yellow oil 

wass dissolved in dichloromethane and washed with brine. The dichloromethane solution was 

driedd on MgS04, filtered and the dichloromethane was removed in vacuo, yielding a yellow oil. 

Yield:: 1.05 g (3.6 mmol, 76 %). ]H NMR: 8 8.88 (d, H8, 1H, 3JHH = 4.0 Hz), 8.17 (d, H6, 1H, 
3JHHH = 8.2 Hz), 7.83 (d, H4, 1H, 3JHH = 8.0 Hz), 7.44 (pst, H3, 1H, 3JHH = 7.5 Hz), 7.40 (dd, 

H7,, 1H, 3JH7H6 = 8.2 Hz, 3JH7H8 = 4-0 Hz), 7.34 - 7.13 (m, 10H), 7.14 (dd, H2,
 3JHH = 7.0 Hz, 

3JHPP = 4.0Hz). 13CNMR:6 149.79 (HCNquinoline), 138.40, 138.22, 137.52, 137.36, 136.12 

,, 134.29,134.22, 134.06, 128.70, 128.46,128.33, 128.27, 126.50,121.34. 31P-NMR(121.5 

MHz,, CDC13)5-14.44. 

4.4.33 Complex synthesis 

Forr the atom labelling off  the ligands for NMR see Chart 4.1. For the 1H NMR data of complexes 

1-133 see Table 4.1. Pd(0)(dppe)(dmfu) was prepared according to an existing procedure.25 

Pd(2,6-di(N-phenylcarbaldimino)pyridine)(dmfu)) (10a) 

AA solution of Pd(dba)2 (0.57 g, 1 mmol), la (0.31 g, 1.1 mmol), and dmfu (0.16 g, 1.1 mmol) 

inn 50 ml of dry acetone was stirred for 8 hours at room temperature. A brown solid formed, 

whichh was filtered and washed repeatedly with diethyl ether to remove dba. The resulting solid 

wass dissolved in dichloromethane and filtered over Celite to remove traces of Pd(0). The result-

ingg solution was concentrated, the product precipitated by addition of n-hexane, filtered and 

driedd in vacuo. Yield 0.42 g of a brown powder, (78 %). 'H NMR: see Table 4.1. IR (cm"1): 

v(C=CC + C O) = 1678 s; v(C=N) - 1581 w. d.p. (°C): 154. Anal. Calc. for C25H23N304Pd: C 

56.03,, H 4.29, N 7.84. Found: C 55.59, H 4.09, N 7.59. 

Pd(2,6-di(N-4-methoxyphenylcarbaIdimino)pyridine)(dmfu)) (10b) 

Thee procedure was similar to that of 10a using lb (0.37 g, 1.1 mmol) as a ligand. Yield: 0.48 g 
(75%)) of a brown powder, d.p. (°C): 154. Anal. Calc. for C27H27N306Pd: C, 54.46; H, 4.57; N, 
7.05.. Found: C, 53.90; H, 4.34; N 6.88. 'H NMR: owing to dynamic processes it was not pos-
siblee to unambiguously attribute the signals. IR (cm"1): v(C=C + C O) = 1693 s; v(C=N) = 1558 
w. . 
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Pd(2-(N-2-- propanecarbaldimino)pyridine)(dmfii ) ( l ic ) 

Thee procedure was similar to that of 10a using 2c (0.16 g; 1.1 mmol) as a ligand Yield: 0.34 g 
(85%)) as a yellow solid. Anal. Calc. for Cj5H2oN204Pd: C, 42.06; H, 4.75; N, 10.51. Found: C, 
42.35;; H, 4.78; N, 10.32. 'HNMR: see Table 4.1. 13CNMR: 8 160.29 (C7), 153.87 (C2), 152.45 
(C6),, 138.84 (C4), 128.50 (C5), 126.50 (C3), 62.81 (CH3 ester), 51.20 (CH,_Pr), 50.86 (CH^X 

42A342A3 (HOCHdmfij), 41.14 (HOCHdmftl), 24.00 (CH3,_Pr), 23.64(CH3j_Pr),thecarbonyl signal 
wass not observed. IR (cm'1): v(C=C + O O) = 1671 s; v(ON) = 1592 w. 

Pd(2-(N-/-butanecarbaldimino)pyridine)(dmfu)) (1 Id ) 

1.11 mmol of 2d (0.18 g) in 40 ml of acetone at 45 °C in the presence of 1.1 mmol (0.16 g) of 

dmfu.. 0.57 g (1.0 mmol) of Pd(dba)2 was added by small portions within 2 hours, with the care 

off  observing the disappearance of the purple color of the Pd(dba)2 between every addition. The 

solventt was then removed under reduced pressure, the residual dissolved in dichloromethane 

andd filtered through Celite. The product was precipitated by addition of diethyl ether. Yield: 

0.244 g (58%). lH NMR: see Table 4.1. 13C NMR: 5175.14 + 174.38 (OO), 157.74 {CI), 154.77 

(C2),, 152.18 (C6), 138.81 (C4), 128.38 (C5), 126.93 (C3), 61.33 (CH3 ester), 51.20 + 50.83 (C 

f-Bu),, 42.16 + 41.41 (CH alkene), 29.60 (CH3 f-Bu). Anal. Calc. for C16H22N204Pd: C, 46.56; 

H,, 5.37; N, 6.79. Found: C, 46.31; H, 5.40; N, 6.46. IR (cm"1): v(C=C + O O) = 1685s; v(C=N) 

== 1591w. 

Pd(2-(N-dimethylaminocarbaldimino)-pyridine)(dmfu )) ( l ie) 

Thee procedure was similar to that of 10a using 2e (0.16 g, 1.1 mmol),as a ligand except that the 

reactionn required 16 hours to go to completion. Yield: 0.33 g (82%) as a yellow solid. Anal. 

Calc.. for C14H19N304Pd: C, 42.06; H, 4.75; N, 10.51. Found: C, 42.35; H, 4.78; N, 10.32. !H 

NMR:: see Table 4.1. 13C NMR data could not be collected due to the low solubility and stability 

off  the complex in deuterated NMR solvents. IR (cm"1): v(OO) = 1674 w; v(ON) = 1596 w. 

Pd(2-(N-butanecarbaldimino)pyridine)(dmfii )) (1 if ) 

AA solution of Pd(dba)2 (0.57 g, 1 mmol), 2f (0.18 g, 1.1 mmol) and dmfu (0.16 g, 1.1 mmol) in 

500 ml of dry THF was stirred for 2 hours at 20 °C. A clear yellow solution was obtained, which 

wass concentrated until a precipitate formed. The product was further precipitated by addition of 

diethyll  ether. The solid was filtered, washed with diethyl ether and re-dissolved in dichlo-

romethanee and then filtered over Celite. The product was precipitated with n-hexane, filtered 

andd dried in vacuo, l l f Yield: 0.32 g (77%) yellow powder. !H NMR: see Table 4.1. 13CNMR 

dataa could not be collected due to the low solubility and stability of the complex in deuterated 

NMRR solvents. 
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Pd(2-(N-2-ethanolcarbaldimino)-pyrïdine)(drnfu)) ( l ig ) 

Thee procedure was similar to that of llf , using 2g (0.17 g, 1.1 mmol)as a ligand. Yield: 0.30 g 

(75%)) as a yellow powder, 'H NMR: see Table 4.1. ,3C NMR: 5164.42 (C7), 152.62 (C6), 

139.033 (C4), 128.81 (C5), 126.77 (C3), 66.24 (CH3 ester), 64.91 (CH2OH), 62.05 (CH2N), the 

carbonyl,, C2 and the alkene signals were not observed. 

Pd(2-(N-phenylacetimino)pyridine(dmfu)) (12a) 

Thee procedure was similar to l id . As a ligand 0.33 mmol (0.07 g) of 3a was used with 0.30 

mmoll  (0.17 g) of Pd(dba)2 and 0.33 mmol (0.O5 g) of dmfu. Yield: 0.05 g (35%) as a red pow-

der.. Anal. Calc. for C19H20N2O4Pd: C, 51.08; H, 4.48; N, 6.27. Found: C, 51.21; H, 4.40; N, 

6.48.. JH NMR: see Table 4.1. I3C NMR data could not be collected due to the low solubility 

andd stability of the complex in deuterated NMR solvents. 

Pd(2-(N-4-methoxyphenylacetimino)pyridine)(dmfu)) (12b) 

Thee reaction was similar to l id . As a ligand 0.33 mmol (0.07 g) of 3b was used with 0.30 mmol 

(0.177 g) of Pd(dba)2 and 0.33 mmol (0.05 g) of dmfu. Yield: 0.05 g (30%) of a brown powder. 

Anal.. Calc. for C20H22N2O5Pd: C, 50.38; H, 4.65; N, 5.87. Found: C, 50.12; H, 4.22; N 5.68. 

' HH NMR: see Table 4.1. 13C NMR data could not be collected due to the low solubility and 

stabilityy of the complex in deuterated NMR solvents. IR (cm"1): v(C=C + C=0) = 1685-1666 s; 

v(C=N)== 1590 w. 

Pd(2-(N-2-propaneacetimino)pyridine)(dmfu)(12c) ) 

Thee reaction was similar to l id . As a ligand 1.1 mmol (0.18 g) of 3c was used. Yield: 0.17 g 

(40%).. Anal. Calc. for C16H22N204Pd: C, 46.56; H, 5.37; N, 6.79. Found: C, 46.62; H, 5.40; 

N,, 6.46. 'H NMR: see Table 4.1. 13C NMR data could not be collected due to the low solubility 

andd stability of the complex in deuterated NMR solvents. IR (cm"1): v(C=C + C=0) = 1676s; 

v(C=N)) = not visible. 

Pd(2-(N-2-propanecarbaldimino)-6-methylpyridine)) (dmfu) (13c) 

Thee procedure was similar to that of 10a except as a ligand 4c (0.18 g, 1.1 mmol) was used. 

Yield:: 0.04 g (35%) as a brown solid. Anal. Calc. for CI6H22N204Pd: C, 46.56; H, 5.37; N, 

6.79.. Found: C, 47.03; H, 4.94; N, 6.80. !H NMR: see Table 4.1. 13C NMR data could not be 

collectedd due to the low solubility and stability of the complex in deuterated NMR solvents. IR 

(cm"1):: v(C=C + C=0) = 1671 s; v(C=N) = 1592 w. 
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Pd((2-diphenylphosphanylbenzylidene)-/söpropylamine)(dmfu)) (14c) 

Thee procedure was similar to that of 10a except that 36 h. were required for the reaction to go 

too completion. As a ligand was used (0.36 g, 1.1 mmol) of 5c. Yield: 0.22 g (38 %) as a yellow 

solid.. *H NMR: 5 8.25 (d, H7, 1H, 3JHP - 3.6 Hz), 7.57 - 6.99 (m, 14H), 4.12 (dd, H10, 1H, 3JHH 

== 10.1 Hz, 3JHP = 2.3 Hz), 3.79 (pst, H l b 1H, 3JHH = 10.1 Hz, 3JHP - 10.2 Hz), 3.60 (m, H8+ 

CHMe2,, 3H), 3.14 (s, H13, 3H), 1.29 (d, H15+16, 6H, 3JHH = 3.0 Hz). 13C NMR: 5 174.25 

(OO),, 174.05 (C=0), 161.94 (C=N), 137.71 , 137.43 , 135.22 , 134.06 , 134.42 , 134.14 , 

133.955 , 133.69 , 133.45 , 131.31 , 131.23 , 130.18 , 130.08 , 129.97 , 128.62 , 128.51 , 128.40 

,, 67.45 (HCMe2), 51.19 (OCH3 dmfu), 50.89 (OCH3 dmfi l), 47.38 (HC=CHdmftl), 47.26 

(HC=CHdmfil),, 22.16 (CH3 ,.Pr).
 31P-NMR 8 18.50. 

Pd((2-diphenylphosphanylbenzylidene)-fórfbutylamine)(dmfu)(14d) ) 

Thee procedure was similar to that of 10a. As a ligand was used (0.37 g, 1.1 mmol) of 5d. Yield: 

0.300 g (51 %) as a yellow solid. lH NMR: 8 8.07 (d, H7, 1H, 3JHP = 3.6 Hz), 7.45 - 6.83 (m, 

14H),, 4.12 (dd, H10, 1H, 3JHH - 10.0 Hz, 3JHP = 2.6 Hz), 3.69 (pst, HM , 1H, 3JHH = 10.0 Hz, 
3JHPP = 10.0 Hz), 3.54 (s, H8, 3H), 3.14 (s, H13, 3H), 1.13 (s, Hl5, 9H). I3C NMR: 8 174.08 

(C=0),, 160.71 (ON), 138.45 , 138.21 , 134.69 , 134.55 , 134.51 , 134.25 , 133.95 , 133.69 , 

132.666 , 131.02 , 130.05 , 129.92 , 128.51 , 128.46 , 128.38 , 128.32 , 127.05 , 63.23 (CMe3), 

50.599 (OCH3 dmfu), 48.44 (HC=CHdmftl), 48.18 (HOCHdmfu), 47.97 (OCH3 dmfi l), 29.77 (CH3 

,_Bu)..
 31P-NMR (121.5 MHz, CDC13): 5 24.46. 

Pd(2-(-2-(diphenylphosphino)phenyl)-oxazoline)(dmfu)(15) ) 

Thee procedure was similar to that of 10a except that 2.39 g of Pd(dba)2 (4.2 mmol), 1.72 g (5.2 

mmoll  of 6 and 0.66 g (4.6 mmol) of dmfu was used. Yield: 1.60 g (2.75 mmol; 66 %). ]H NMR: 

88 8.11 (m, H1, 1H), 7.07-7.70 (m, HAr, 13H), 4.40 (b, Halkene, 2H), 4.18 (t, H5, 2H, 3JHH = 10.5 

Hz),, 3.87 (t, H6, 2H, 3JHH = 10.5 Hz), 3.12 (s, Hester, 3H), 3.59 (s, Hester, 3H). 13C NMR): 8 

!!  73.99 (C=0), 163.83 (ON), 135.27 , 134.23 , 134.10 , 133.99 , 133.70 , 133.53 , 133.07 , 

132.944 , 132.82 , 132.56 , 131.72 , 131.67 , 131.57 , 131.54 , 130.05 , 129.83 , 129.71 , 129.62 

,, 128.56, 128.48,66.80 (0-CH2oxazoline), 59.20 (N-CH2oxazoline), 50.48 (OCH3dmftl), 50.18 

(OCH33 dmfu), 48.23 (HC=CHdmfil), 47.99 (HOCHdmfu).
 31P-NMR (121.5 MHz, CDC13): 8 

20.34.. MW: 581.85 (calculated 581.06). 

Pd(8-diphenylphosphinequinoline)(dmfu)) (16) 

Thee procedure was similar to that of 10a, using 0.57 g of Pd(dba)2 (1.0 mmol), 0.34g (1.1 mmol 

off  7 and 0.16 g (1.1 mmol) of dmfu. Yield: 0.41 g (73 %). lH NMR: 8 9.40 (dd, Hb 1H, 3JHH = 

3.00 Hz, J = 1.5 Hz), 8.35 (d, H3, 1H, 3JHH = 8.5 Hz), 7.96 (d, 1H, 3JHH = 6.5 Hz), 7.66 - 7.26 
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(m,, 12H), 4.51 (d, H13, 1H, 3JHH = 10.3 Hz), 4.09 (pst, H12, 1H, 3JHH - 10.3 Hz, 3JHP - 10.3 

Hz),, 3.68 (s, H15, 3H), 3.35 (s, H10, 3H). 13C NMR: 5 174.72 (CO), 173.40 (C=0), 155.76 , 

155.677 , 151.78 , 151.46 , 138.38 , 137.94 , 136.93 , 136.43 , 134.62 , 134.08 , 133.93 , 133.67 

,, 133.31 , 133.05, 131.15, 130.43, 129.95, 129.43, 129.07, 128.91 , 128.88, 128,80, 127.74 

,, 127.66 , 123.14 , 51.02 (OCH3 dmft j), 50.47 (OCH3 dmft l), 46.03 (HC=CHdmfil), 45.84 

(HC=CHdmfu)..
 31P-NMR (121.5 MHz, CDC13): 5 15.43. 

Pd(bipyridine)(dmfu )) (17)26 

Thee procedure was similar to that of 10a, using 0.57 g of Pd(dba)2 (1.0 mmol), 0.17 g of bipy-

ridinee (1.1 mmol) and 0.16 g (1.1 mmol) of dmfu. Yield: 0.32 g (80 %). 'H NMR: 6 8.73 (d, H,, 

2H,, 3JHH = 4.6 Hz), 8.05 (d, H4, 2H, 3JHH = 8.1 Hz), 7.92 (pst, H3, 2H, 3JHH = 8.1 Hz), 7.39 

(pst,, H2, 2H, 3JHH = 4.6 Hz), 3.94 (s, H5, 2H), 3.63 (s, H6, 6H). 

4.4.44 Crystal structur e determination of 12c 

AA red irregular prism single crystal of 12c was mounted on a glass fiber and X-ray diffraction 

dataa were collected on a Bruker-Siemens SMART AXS 1000 equipped with CCD detector, us-

ingg graphite monochromated MoKa radiation (X = 0.71069A). Data collection details are: crys-

tall  to detector distance = 5.0 cm, 2424 frames collected (complete sphere mode), time per frame 

-- 30 s, oscillation Aco = 0.300°. Crystal decay was negligible. Data reduction was performed up 

too d = 0.80 A by the SAINT package and data were corrected for absorption effects by the 

SADABS288 procedure (Tmax = 1.000, Tmin = 0.857). The phase problem was solved by direct 

methodss and refined by full matrix least squares on all F929™ implemented in the WinGX 

package.. Anisotropic displacement parameters were refined for all non hydrogen atoms, 

whilee hydrogen atoms were located from Fourier maps and refined isotropically, except for me-

thyll  and CH2CI2 hydrogens which were introduced in calculated positions. The Cambridge 

Crystallographicc Database facility was used for the discussion of the structure. 

Thee final map was featureless. Data collection and refinement results are summarized in Table 

4.4. . 
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Tablee 4.4: Data collection and refinement results of 12c. 

Empiricall  formula 

Formulaa weight 

Temperature e 

Wavelength h 

Crystall  system 

Spacee group 

Unitt cell dimensions 

Volume e 

Z Z 

Densityy (calculated) 

Absorptionn coefficient 
F(000) ) 

Crystall  size 

00 range for data collection 

Indexx ranges 

Reflectionss collected 

Independentt reflections 

Observedd reflections [1 > 2a(/)] 

Dataa / restraints / parameters 

Goodness-of-fitt on F 

Finall  R indices [I > 2a(/)] 

RR indices (all data) 

Largestt final F maximum/minimum 

C,6.50H23ClN2O4Pd d 

455.22 2 

293(2)K K 

0.710699 A 

Monoclinic c 

P21/c c 

aa =13.629(2) A 
p== 93.369(2) A bb = 20.363(2) A 

c== 14.169(2) A 

3925.5(9)) A3 

1.5411 Mg/m3 

1.1033 mm"1 

1848 8 

0.5x0.3x0.33 mm3 

1.500 to 26.36° 

-17<h<16,, -25<k<25, -17<1<17 

40678 8 

80011 (R(int) = 0.0347) 

5907 7 

8001/0/508 8 

0.973 3 

Rll  - 0.0318, wR2 = 0.0835 

Rll  = 0.0494, wR2 = 0.0908 

0.955/-0.7666 e A-3 

4.4.55 Hydrogenation Experiments 

Thee hydrogenation reactions were performed by dissolving, in a Schlenk tube, 0.04 mmol of the 

appropriatee palladium complex in 40 ml of dry THF, under nitrogen atmosphere. Subsequently, 

thee Schlenk tube was connected to a gas inlet and flushed with hydrogen. Immediately after this 

44 mmol of 1 -phenyl-1 -propyne was added and the solution was then vigorously stirred at 25 °C; 

microo samples were withdrawn at regular intervals to monitor the reaction, and the samples 

weree analyzed by means of a gas chromatograph. 
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