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P-PP-P ligands, crotyl complexes 

Chapterr 4 

Effectt of the bite angle of bidentate phosphine ligands on the 

regioselectivityy in allylic alkylation of crotyl complexes. 

TheThe DFT calculations in chapter 3 showed that the Pd(rf-allyl) bond is distorted, when the ally I moiety 

isis substituted. In this chapter we study the effect on the structure and reactivity of the presence of one 

subtituentsubtituent on the allyl moiety for the case of two phosphorus donor atoms. 

Abstract t 

Thee natural bite angle of bidentate phosphine ligands influences the isomer distribution (syn and anti) in 

(crotyl)Pd(bisphosphine)) OTf complexes. It was found (31P- and 'H-NMR studies) that the syn/anti ratio 

changess from 12 (dppp) to 1.3 (Sixantphos). Molecular orbital calculations (PM3(tm) level) indicate that 

forr ligands inducing a large bite angle, the phenyl rings of the ligand embrace the allyl moiety, thereby 

influencingg the syn / anti ratio. This bite angle effect on the syn / anti ratio is transferred to the 

regioselectivityy in stoichiometric allylic alkylation. Ligands inducing large bite angles direct the 

regioselectivityy towards the formation of the branched product 2. Catalytic alkylation of trans-2-butenyl 

acetatee (crotyl acetate) showed that for ligands with a small bite angle the regioselectivity of the catalytic 

andd stoichiometric alkylation are in good agreement. This correspondence is less pronounced for ligands 

withh a larger bite angle, which is rationalised in terms of the relative rates of syn / anti isomerization and 

thee alkylation reaction. The ligand with the largest bite angle (Sixantphos) gives the most active catalytic 

species. . 
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4.11 Introductio n 

Thee palladium-catalysed allylic alkylation reaction receives much interest . Most of the research in this 

fieldd focuses on asymmetric induction. Less effort is put into understanding the regioselectivity found in 

thee alkylation of non-symmetrically substituted allyl-fragments'5' '3|. Akermark151 has shown that the cone-

anglee of substituted phenantrolines has a large influence on both the isomer distribution of crotyl-Pd 

complexess and the regioselectivity of stoichiometric alkylation. The methyl substituents on the 2,9-

dimethyl-l,10-phenantrolinee ligand interfere with the methyl substituent on the allyl-moiety. This causes 

thee anti-isomer of the complex to prevail over the otherwise more stable syn-isomer. It was shown that 

stoichiometricc alkylation of the syn-complex resulted in almost exclusive formation of the linear trans-

productt (1). The anti-complex reacted to the branched (2) and the linear cis-product (3) in an 

approximatelyy 1:1 ratio. 

RR = H , X = CMe2 : xantphos 
HH , SiMe2 : sixantphos 
Me,, S : thixantphos 
HH , no atom : DPE phos 

Figuree 1. Generic Xantphos structure 

Inn our group much research has been conducted concerning the effect of the natural bite angle1201 (P„)  of 

bidentatee phosphine ligands on transition metal catalysed reactions'151. This research led to the 

developmentt of a new class of ligands that enforces (very) large bite angles up to 110° (the Xantphos 

typee ligands: see figure 1). Significant dependencies of the catalyst performance on the natural bite angle 

havee been observed in reactions such as the rhodium catalysed hydroformylation'81 and the nickel 

catalysedd hydrocyanationll>1. Previously, we communicated on the effect found in the alkylation of trans-

2-hexenyll  acetate with sodium diethyl 2-methylmalonate1"1. Ligands with a large natural bite angle were 

foundd to direct the regioselectivity to the linear trans-product 1 resulting in smaller amounts of the 

branchedd product (figure 2). The results were rationalized in terms of steric hindrance. In this chapter we 

wil ll  explore the limits of the used model by studying the influence of the bite angle on the allylic 

alkylationn of the much smaller crotyl moiety. 
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Figuree 2. Numbering scheme and formation of regio isomers in the stoichiometric alkylation of 

(crotyl)Pd(bisphosphine)) OTf complexes 

4.22 Stoichiometric alkylation 

4.2.14.2.1 Synthesis and characterization of the catalyst 

Inn order to investigate the nature of this bite angle effect, we have prepared and isolated 

Pd(crotyl)(bisphosphine)OTff  complexes of several bisphosphine ligands. NMR studies ( H and P) of 

thesee compounds show that they exist as an equilibrium mixture of the syn and anti isomers. The syn / 

antii  ratio is dependent on the bite angle of the ligand and is significantly lower in complexes of ligands 

inducingg larger bite angles (table 1). 

Too understand the effect of the P-Pd-P angle"91 (/3) on the structure of the Pd-allyl complex, molecular 

orbitall  calculations (semi-empirical PM3(tm) level) were carried out on the cationic 

(crotyl)Pd(bisphosphine)++ complexes. The P-Pd-P angle (/}), taken from the calculated structures, varies 

fromm 85° (dppe) to 110° (Sixantphos). The allyl moiety is found to be embraced by the phenyl rings of 

thee ligand. When the bite angle is larger, the embracing becomes more pronounced. This is visualised in 

figuree 3. 

45 5 



ChapterChapter 4 

Inn all the complexes studied using molecular modelling, the syn-isomer has a lower energy than the anti-

isomer.. The energy difference between the syn- and anti-isomer, however, decreases with larger bite 

angle.. This is in agreement with the experimental data: a lower syn / anti ratio is observed when ligands 

inducingg larger bite angles are applied (table 1). The embracing effect in complexes of ligands inducing a 

smallsmall bite angle, however, is of minor influence. The relatively high syn / anti ratio of (crotyl)Pd(dppp) 

OTff  is therefore the result of electronic rather than steric effects. Detailed DFT modeling studies are in 

progresss to investigate the nature of this effect. 

4.2.24.2.2 Stoichiometric alkyiation 

Tablee 1. Relation between the bite angle and 1) AE (syn-anti) calculated by molecular modelling 

(PM3(tm)) level) and obtained from experimental data (NMR), and 2) the regioselectivity in 

stoichiometricc alkyiation of the equilibrium mixtures of (crotyl)Pd(bisphosphine)OTf complexes 

complex x 

(ligand) ) 

I(dppe) ) 

I II  (dppp) 

HII  (dppb) 

IVV (dppf) 

VV DPEphos 

VII  Sixantphos 

£,a,( ( 

°) ) 

85 5 

95 5 

99 9 

106 6 

108 8 

110 0 

%syn n 

90 0 

92 2 

86 6 

78 8 

72 2 

57 7 

%anti i 

10 0 

8 8 

14 4 

22 2 

28 8 

43 3 

AE(NMR) AE(NMR) 

(kJ.mole'1) ) 

-5.4 4 

-6.1 1 

-4.5 5 

-3.1 1 

-2.3 3 

-0.7 7 

A£|b|| (pm3(tm)) 

(kJ.mole1) ) 

-23.7 7 

-21.9 9 

-20.0 0 

-18.9 9 

-15.4 4 

-12.5 5 

%1 1 

70.0 0 

79.2 2 

71.7 7 

68.9 9 

66.4 4 

54.5 5 

%3 3 

8.9 9 

4.6 6 

8.0 0 

8.9 9 

9.6 6 

12.4 4 

%2 2 

21.1 1 

16.2 2 

20.3 3 

22.2 2 

24.0 0 

33.1 1 

:: j3 obtained from the calculated (crotyl)Pd(bisphosphine) complexes 
[b]:: the relative large energy difference in the calculations is most likely the result of the absence of 

solventt and anion 

Figuree 3. The embracing effect of the phenyl rings cause the substituent on the allyl moiety to bend out 

off  the allyl plane. Left = syn, right = anti. 
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Thee syn / anti ratio governs the regioselectivity of the stoichiometric alkylation (table 1, figure 4). In 

(crotyl)Pd(bisphosphine)) OTf complexes of ligands inducing a small bite angle the syn isomer largely 

prevailss and the relative amount of the linear trans product 1 is high. Going to a larger bite angle (from 

dpppp to Sixantphos), the percentage syn isomer as well as the selectivity to 1 drops, whereas the 

selectivityy to the branched product 2 increases. The percentage of 3 remains almost constant along the 

bitee angle range studied. 

800 -
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II  40-

2U U 

00 -
t t 

" " 
** ~ ~ 

15 5 25 5 

%% anti isomer 

^ ^ 

355 4 

—— linear trans (1) ! 

—— branched (2) 

—A—— linear cis (3) 

5 5 

Figuree 4. Relation between isomer distribution in cationic (crotyl)Pd(bisphosphine)OTf complexes and 

thee regioselectivity of stoichiometric alkylation 

Itt has been suggested''' that in allylic alkylation reactions the structure of the allyl complex determines 

thee (enantio)selectivity in an early transition state. Recent developments'4'6'l2~151, however, indicate that 

inn many cases a late transition state is more likely. In an early transition state, not only the electronic 

propertiess of the allyl moiety are important for the regioselectivity (chapter 3), but also the relative steric 

accessibilityy of the two carbon atoms CI and C3. Due to steric hindrance between the substituent on the 

allyll  moiety and the ligand, it will be bent out of the allyl plane, away from the palladium centre. 

Thereforee the substituted allyl carbon atom C3 will be less accessible for nucleophilic attack and 

consequentlyy alkylation of the unsubstituted allyl carbon atom CI will prevail. 

Inn a late transition state, nucleophilic attack of the malonate anion at the substituted allyl carbon atom C3 

wil ll  cause a change in the hybridisation on C3 from sp2 to sp3. This causes the substituent to bend 

towardss a phenyl ring of the ligand. A large bite angle results in an increase of the steric hindrance in this 

stagee of the reaction (figure 3), which hampers the formation of 2'"'. 

Usingg a small group like a methyl substituent on the allyl moiety the steric hindrance during the 

nucleophilicc attack is of less influence. Consequently, electronic factors may become more important. 

Thiss would explain the good correlation between the syn / anti ratio and the observed regioselectivity. 
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Thereforee it is concluded that in the alkylation of (crotyl)Pd(bisphosphine)OTf complexes the transition 

statee of the reaction is not late. The relative importance of steric and electronic factors is dependent on 

thee nature of the ligand and the (syn or anti) orientation of the substituents on the allyl moiety. 

4.33 Catalytic alkylation 

4.3.14.3.1 Rate of reaction 

Inn addition to these stoichiometric experiments we have also carried out the catalytic alkylation of crotyl 

acetatee (table 2). The catalytic experiments have been performed using the isolated 

(crotyl)Pd(bisphosphine)OTff  complexes, instead of using a precursor, such as Pd(dba)2, or Pd(OAc)2, 

andd the ligand. This procedure excludes an incubation step which is necessary for the formation of the 

catalyticallyy active species, as well as the possibility of pre-equilibria via complexation of dba to 

palladium117'.. The retarding effect of dba is clear, if we compare the reaction rates presented in table 2 

withh the reaction rates presented in a previous communication of the bite angle effect on allylic 

alkylation'111.. The difference in the rate of reaction is at least one order of magnitude'16'. Remarkably, the 

observedd trend in reaction rate does not remain the same. Starting from the isolated 

(crotyl)Pd(bisphosphine)OTff  complex, Sixantphos is found to yield the most active catalytic species, 

whereass use of Pd(dba)2 results in DPEphos or dppb to yield the most active catalyst'11]. Obviously, the 

catalyticallyy active species is less easily formed from Pd(dba)2 when a rigid ligand inducing a large bite 

anglee is used. 

Inn contrast to most literature procedures for allylic alkylation reactions only one equivalent of ligand per 

palladiumm atom is used. When a precursor, such as Pd(OAc)2 is used, an additional equivalent of ligand 

mightt be required to reduce the Pd11 to the active Pd° species"61. The presence of an excess of ligand will 

alsoo reduce the rate of the reaction, by complexation to the Pd° species which is formed after alkylation. 

Beforee coordination of the substrate dissociation of the extra ligand is necessary. This can retard the 

overalll  reaction rate. 

4.3.24.3.2 Regioselectivity 

Thee bite angle effect as observed in the stoichiometric alkylation of (crotyl)Pd(bisphosphine)OTf 

complexess is less obvious in the catalytic alkylation of crotyl acetate. The starting complex enters the 

catalyticc cycle via alkylation of the starting (crotyl)Pd(bisphosphine)OTf complex. The next step 

involvess oxidative addition of the substrate to the thus formed Pd° species. As the substrate configuration 

iss mainly trans (95%), initially the syn (crotyl)Pd(bisphosphine)OAc complex is formed as the main 
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product.. This complex is cationic, so the acetate leaving group will remain as a counterion in the 

coordinationn sphere. Interaction of the counterion with the palladium centre is known to increase the rate 

off  dynamic behaviour of the allyl moiety . This results in an isomerization of the syn complex to the 

antii  complex and vice versa. The resulting regioselectivity of the catalytic reaction (table 2) is dependent 

onn the relative rates of syn-anti isomerization and alkylation. 

NMRR experiments with the (crotyl)Pd(bisphosphine)OTf complexes used in the alkylation reactions, 

indicatee that the syn-anti isomerization in these complexes is slow relative to stoichiometric alkylation. 

Thee isomerization, however, may play a significant role when acetate instead of the weakly co-ordinating 

triflatee is the counterion, as is the case in the catalytic experiments. 

Thee correlation between the regioselectivity in stoichiometric and catalytic alkylation is good for ligands 

inducingg a small bite angle, such as dppe and dppp, but also for dppf (table 1 and 2). Going to a larger 

bitee angle, the selectivity follows a different trend than observed in the stoichiometric reaction. The 

Sixantphoss ligand directs the regioselectivity towards 85% of the linear trans product. This can be 

rationalisedd in terms of a fast alkylation rate, relative to isomerization, of the complexes with ligands 

inducingg a large bite angle. 

Tablee 2. Catalytic alkylation of crotyl acetate using the equilibrium mixtures of 

(crotyl)Pd(bisphosphine)OTff  complexes 

complex(ligand) ) 

I(dppe) ) 

II(dppp) ) 

HII  (dppb) 

IVV (dppf) 

VV (DPEphos) 

VII  (Sixantphos) 

/3(al(°) ) 

85 5 

95 5 

99 9 

106 6 

108 8 

110 0 

t.o.f*1 1 

2.0 0 

2.9 9 

8.9 9 

8.0 0 

8.7 7 

9.1 1 

yieldd lc)(%) 

37.3 3 

37.1 1 

90.3 3 

81.5 5 

86.0 0 

88.3 3 

%1 1 

68.8 8 

76.0 0 

79.0 0 

74.1 1 

80.1 1 

85.7 7 

%3 3 

11.1 1 

6.6 6 

3.1 1 

2.5 5 

2.5 5 

1.4 4 

%2 %2 

20.0 0 

17.4 4 

17.9 9 

23.4 4 

17.4 4 

12.9 9 

[al:: /? obtained from the calculated (crotyl)Pd(bisphosphine) complexes 
[b|:: t.o.f. initial turn over frequency, determined after 10 minutes reaction time, in 103 mole mole"1 h"1 

[cl:: based on the formation of 1,2 and 3, as determined after 30 minutes by GC, using the internal standard 

method d 

Thee catalytic reactions were performed in THF (10 mL), using 0.05 mol% of catalyst (0.00050 mmole), 

1.00 mmole of substrate and 2.0 mmole of sodium diethyl 2-methylmalonate. The reaction was monitored 

byy GC using decane as the internal standard. 
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4.44 Conclusion 

Inn conclusion, we have shown that for (crotyl)Pd(bisphosphine)OTf complexes with ligands inducing a 

largee bite angle the syn / anti ratio is much lower than in the corresponding complexes with ligands 

havingg a small bite angle. Molecular modelling studies indicate that this is caused by an increasing 

embracementt of the allyl moiety by the phenyl rings of the ligand. This bite angle effect on the syn / anti 

ratioo can be transferred to the regioselectivity in stoichiometric allylic alkylation. Ligands inducing large 

bitee angles direct the regioselectivity towards the formation of 2. In the catalytic alkylation of crotyl 

acetate,, however, the regioselectivity is also determined by the relative rates of syn-anti isomerization 

andd alkylation. The correlation between the regioselectivity found in the stoichiometric and the catalytic 

alkylationn is best for ligands inducing a small bite angle. The ligands with the largest bite angle 

(Sixantphos)) is found to result in the most active catalytic species, indicating an enhanced 

electrophilicityy of the allyl moiety (see chapter 3). 

50 0 



P-PP-P ligands, crotyl complexes 

4.55 Experimental section 

'HH NMR (300 MHz, TMS, CDC13),
 31P{  'H) (121.5 MHz external 85% H3PO4, CDC13) were recorded on 

aa Bruker AMX-300 spectrometer. Elemental analyses were performed on an Elementar Vario EL (Foss 

Electric). . 

Al ll  calculations were carried out using the commercially available SPARTAN program (version 5.0.3). 

Thee geometry optimisation was performed on the semi-empirical pm3(tm) level 

Thee product distribution was measured on a Interscience Mega2 apparatus, equipped with a DB1 column, 

lengthh 30 m, inner diameter 0.32 mm, film thickness 3.0 u,m, and a F.I.D detector. 

Al ll  experiments were carried out using standard Schlenk techniques. All solvents were freshly distilled 

priorr to use. 

Sodiumm diethyl 2-methylmalonate (0,5 M in THF) was prepared from diethyl 2-methylmalonate and NaH 

inn THF at 273 K. 

Thee stoichiometric alkylation reactions were performed by adding an excess of sodium diethyl 2-

methylmalonatee (0,1 ml of a 0,5 M solution in THF) to a solution of 10 mg of the Pd-complex in 1 ml of 

THF.. Reaction was instantaneous and after one minute, the mixture was worked up with water, filtered 

overr silica and analysed by GC. 

Thee catalytic reactions were performed in THF (10 mL), using 0.05 mol% of catalyst (0.00050 mmole), 

1.00 mmole of substrate and 2.0 mmole of sodium diethyl 2-methylmalonate. The reaction was monitored 

byy quenching samples from the reaction mixture with flash chromatography which were analysed by GC 

usingg decane as the internal standard. 

Thee Pd-complexes were prepared in CH2C12 from [(crotyl)-Pd-|iCl]2 by adding 2 equiv. of ligand and 

abstractingg the Cl-atom with AgOTf. The complexes were isolated in a quantitative yield (white 

microcrystallinee powder) as their analytically pure equilibrium mixtures and were used as such in the 

alkylationn reaction. The syntheses of DPEphos and Sixantphos have been published elsewhere'61. Dppe, 

dppp,, dppb and dppf were obtained from Acros chemicals and used as received. 

Analyticall  data of the (crotyl)-Pd-(ligand)OTf complexes are given for their equilibrium mixtures. The 

NMRR signals of the syn and anti isomers could easily be distinguished. The syn / anti ratio was 

determinedd by comparing the intensities of the signals of the Me-substituent on the allyl moiety. NMR-

dataa of the complexes were obtained in CDCI3 (5 in ppm). 
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Pd(dppe)(crotyl)OTff  (I  s+a) was obtained in syn/anti ratio of 90 / 10. El.anal. (Ia+s) found: C: 52.08%, 

H:: 4.30% (calc. C: 52.51%, H: 4.38%) 

Pd<dppe)(syn-crotyl)OTff  (Is): 'H: 1.69 (ddd, 7,= 6.3 Hz, 72= 8.4 Hz, 73 = 8.4 Hz, 3H(Me)), 2.4-3.0 (m, 

4H,, 2CH2-bridge), 3.1 (dd, 7,=12.1 Hz, 72= 12.1 Hz, lH(Ha)),4.37 (m, lH(Hc)), 4.6 (dd, 7,=7.2 Hz,72= 

7.22 Hz, lH(Hb)), 5.7{ddd,/i=7.4Hz,72= 13.1 Hz,73= 13.1 Hz, lH(Hd)), 7.3-7.7 (m, 20H(Ar)), 
3IP{{  'H J: 48.5 (d, / = 33 Hz), 49.6 (d, 7= 33 Hz), 

Pd(dppe)(anti-crotyl)OTff  (la): 'H: 0.9 {ddd, 7,= 6.9 Hz, 72= 7.0 Hz, 73= 7.0 Hz, 3H(Me)), )), 2.4-3.0 (m, 

4H,, 2CH2-bridge), 3.5 (dd, lH(Ha)), 4.15 (m, lH(Hc)), 4.7 (dd, lH(Hb)), 5.6 (m, lH(Hd)), 7.3-7.7 (m, 

20H(Ar)), , 
3IP{{  'H }: 49.9 (d, 7= 35 Hz), 52.6 (d, 7=35 Hz), 

Pd(dppp)(crotyl)OTff  (II s+a) was obtained in syn/anti ratio of 92 / 8. El.anal. (Ila+s) found: C: 

52.58%,, H: 4.74% (calc. C: 53.16%, H: 4.60%) 

Pd(dppp)(syn-crotyl)OTff  (lis): 'H: 1.14 (ddd, 7, = 6.7 Hz,72 = 8.9 Hz,73 = 8.9 Hz, 3H(Me)), 2.6-3.0 (m, 

4H.. 2CH2-bridge), 3.0 (dd, JXJ2 >7 Hz, lH(Ha)), 3.65 (dd, 7,,72 <7Hz, lH(Hb)), 4.2 (m, IH(Hc)), 5.5 

(ddd,, 7,= 12.4 Hz, J2=  12.4 Hz, J3=  7.4 Hz, lH(Hd)), 7.2-7.6 (m, 20H(Ar)). 

:: 6.75 (d,7=65.3 Hz), 8.01 (d, 7= 65.3 Hz) 

Pd(dppp)(anti-crotyl)OTff  (Ha): 'H: 0.88 (ddd, 7,=7.1 Hz; 72= 7.1 Hz, J3 = 7.1 Hz, 3H(Me)). 2.6-3.0 (m, 

4H,, 2CH2-bridge), 3.2(dd,7,y2 >7, 1 Hz, H(Ha)), 4.0 (dd, 7, = 6.9 Hz, 72 = 6.9 Hz IH(Hb)), 4.0 (dd, 7,= 

6.99 Hz, 72 = 6.9 Hz, lH(Hb)), 4.7 (m, IH(Hc)), 5.5 (m, lH(Hd)), 7.2-7.6 (m, 20H(Ar)). 
31P{1H} :: 7.1 (d), 7.9(d) 

Pd(dppb)(crotyl)OTff  (II I  s+a) was obtained in syn/anti ratio of 86 / 14. El.anal. (IIIa+s) found: C: 

52.60%,, H: 4.73% (calc. C: 53.78%, H: 4.79%) 

Pd(dppb)(syn-crotyl)OTf(IIIs):: 'H: 1.15 (ddd, 7,=9.4 Hz, 72= 7.2 Hz, 73 = 7.2 Hz, 3H(Me)), 1.7-2.0 (m, 

4H,, 2CH2-bridge), 2.5-2.8 (m, 4H, 2CH2-bridge), 2.95 (dd, 7, = 11.3 Hz, 72 = 11.3 Hz, lH(Ha)), 3.7 (dd, 

7,== 6.5 Hz, 72= 6.5 Hz, lH(Hb)), 4.85 (m, lH(Hc)), 5.5 (ddd, 7,= 7.4 Hz, 72= 13.0 Hz, 73=13.0 Hz, 

lH(Hd)),, 7.4-7.7 (m, 20H(Ar)) 
31P{'H} :: 20.4 (d,7=20.8 Hz), 21.2 (d,7= 20.8 Hz), 

Pd(dppb)(anti-crotyl)OTff  (Ilia) : 'H: 0.64 (ddd, 7I = 6.7 Hz, 72= 6.7 Hz, 73= 6.7 Hz, 3H(Me)), 1.7-2.0 (m, 

4H,, 2CH2-bridge), 2.5-2.8 (m, 4H, 2CH2-bridge), 3.05 (dd, IH(Ha)), 4.0 (dd, lH(Hb)), 5.7 (m, lH(Hd)), 

7.4-7.77 (m, 20H(Ar)) 
31P{'H(:: 20.7 (d, overlap with syn-complex), 21.2 (d, overlap with syn-complex) 
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Pd(dppf)(crotyI)OT ff  (IV s+a) was obtained in syn/anti ratio of 78 / 22. El.anal. (IVa+s) found: 53.71%, 

H:: 4.11% (calc: C: 54.15 %, H: 4.05 %) 

Pd(dppf)(syn-crotyl)OTff  (IVs): :H: 1.08 (ddd, Jl= 6.7 Hz, J2 = 6.7 Hz, J3 = 10.3 Hz, 3H (Me)), 3.23 (dd, 

Jll  = 11.0 Hz , J2 = 11.0 Hz, 1H (Ha)), 3.50 (dd, Jl = 4.0 Hz, J2 = 4.0 Hz, 1H (Hb)), 3.83 (s, 1H (FcH)), 

3.944 (s, 1H (FcH)), 4.27 (s, 1H (FcH)), 4.32 (s, 1H (FcH)), 4.35-4.55 (m, contains FcH and He), 4.37 (s, 

IHH (FcH)), 4.46 (s, 1H (FcH)), 4.63 (s, 1H (FcH)), 4.83 (s, 1H (FcH)), 5.64 (ddd, Jl = 12.9 Hz, J2 = 12.9 

Hz,, J3 = 7.4 Hz, IH (Hd)), 7.3-7.8 (m, 20H, Ar, syn and anti)) 
31P{{  'H} : 24.9 (d, 7=47.5 Hz), 23.6 (d, 7=47.5 Hz), 

Pd(dppf)(anti-crotyl)OTff  (IVa): 'H: some signals appear as shoulders on IVs, some however appear as 

separatee signals: 0.90 (ddd, J1=J2=J3 = 6.8 Hz, 3H (Me)), 3.2 (shoulder on IVs(Ha), Ha), 3.93 (s, 1H 

(FcH)),, 4.35-4.55 (m, contains FcH), 4.40 (s, IH (FcH)), 4.43 (s, 1H (FcH)), 4.51 (s, 1H (FcH)), 4.56 (s, 

1HH (FcH)), 4.66 (s, IH (FcH)), 4.74 (ddd, Jl = J2 = J3 = 6.8 Hz, IH, (He)), 7.3-7.8 (m, 20H, Ar, syn and 

anti)) ) 
31P{{  'H} : signals appear as shoulders on IVs. 

Pd(DPEphos)(crotyI)OTff  (V s+a) was obtained in syn/anti ratio of 72 / 28. El.anal. (Va+s) found: C: 

57.60%,, H: 4.08% (calc. C: 57.99%, H: 4.15%) 

Pd(DPEphos)(syn-crotyl)OTff  (Vs): 'H: 1.1 (ddd, 7i= 10.7 Hz, 72= 6.6 Hz, 73= 6.6 Hz, 3H(Me)), 3.4 (m, 

2H(Haa and Hb)), 4.4 (m, IH, He)), 5.6 (ddd, 7,= 7.4 Hz, 72= 12.7 Hz, 73= 12.7 Hz, lH(Hd)), 6.4-7.6 (m, 

Ar) ) 
3IP{'H} :: 10.3 (d,7=39.6 Hz), 17.1 (d,7= 39.6 Hz), 

Pd(DPEphos)(anti-crotyl)OTff  (Va): *H: 0.9 (ddd, 7,= 6.6 Hz, 72= 6.6 Hz, 73= 6.6 Hz, 3H(Me)), 3.0 (dd, 

7,=9.11 Hz, 72= 14.1 Hz, lH(Ha)), 4.2 (dd, 7,= 6.4 Hz, 72= 6.1 Hz, lH(Hb)), 4.4 (m, IH, He)), 5.8 (ddd, 

7,=14.00 Hz,72= 7.7 Hz,73=7.7 Hz, lH(Hd)), 6.4-7.6 (m, Ar) 
31P{'H} :: 10.6 (d, 7=40 HZ), 16.4 (d, 7=40 HZ) 

Pd(Sixantphos)(crotyl)OTff  (VI  s+a) was obtained in syn/anti ratio of 57 / 43. El.anal. (Vla+s) found: 

C:: 56.31%, H: 4.35% (calc. C: 55.88%, H: 4.46%) 

Pd(Sixantphos)(syn-crotyl)OTff  (Vis): 'H: 0.57 (s, 3H(Me-Si)), 0.61 (s, 3H(Me-Si)), 0.8 (ddd, 7,=ll.3 

Hz,, 72=6.3 Hz, 73=6.3 Hz, 3H(Me)), 3.4 (dd, 7,=11.7 Hz, 72=11.7 Hz, lH(Ha)), 3.55 (dd, 7,=6.4 Hz, 

72=6.44 Hz, lH(Hb)), 4.4 (m, lH(Hc)), 5.4 (ddd,7,=12.8 Hz,72=12.8 Hz,73=7.3 Hz, lH(Hd)), 6.9-7.5 (m, 

Ar(synn and anti)), 7.7 (q, Ar(syn and anti)) 
3lP{ lH} :: 9.8 (d,7=39.3 Hz), 10.6 (d, 7=39.3 Hz) 

Pd(Sixantphos)(anti-crotyl)OTff  (Via): 'H: 0.57 (s, 3H(Me-Si)), 0.61 (s, 3H(Me-Si)), 0.9 (ddd, 7,=6.2 Hz, 

72=6.22 Hz,73=6.2 Hz, 3H(Me)), 3.4 (dd,7,=l 1.7 Hz,72=l 1.7 Hz, lH(Ha)), 3.7 (dd,7,=7.1 Hz,72=7.1 Hz, 
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IH(Hb)),, 4.65 (m, lH(Hc)), 5.9 (ddd, 7,=13.8 Hz, 72=8.0 Hz, /3=8.0 Hz, lH(Hd)), 6.9-7.5 (m, Ar(syn 

andd anti)), 7.7 (q, Ar(syn and anti)) MP{  H} : 5.8 <d, 7=35.2 Hz), 7.0 (d, 7=35.2 Hz) 

4.66 References 

[[  1 ] J. Tsuji, Tetrahedron, 1986, 42(16), 4361-4401 

[2]]  B. M. Trost, D. L. Van Vranken, Chem. Rev., 1996, 96, 395-422, and references therein 

[3]]  P. S. Pregosin, R. Salzmann, Coord. Chem. Rev., 1996, 155, 35-68 

[4]]  P. Dierkes, S. Ramdeehul, L. Barloy, A. De Lian, J. Fischer, P.C.J. Kamer, P.W.N.M, van 

Leeuwen,, J.A. Osbom, Angew. Chem. Int. Ed. Engl., 1998, 37, 3116 

[5]]  M.P.T. Sjogren, S. Hansson, B. Akermark, A. Vitagliano, Organometallics., 1994, 13, 1963-

1971 1 

[6]]  P.E. Blöchl, A. Togni, Organometallics, 1996, 15, 4125-4132, and references therein 

[7]]  B. M. Trost, R. C. Bunt, J. Am. Chem. Soc, 1998,120, 70-79 

[8]]  M. Kranenburg, Y.E.M, van der Burgt, P.C.J. Kamer, P.W.N.M. van Leeuwen, Organometallics, 

1995,, 14, 3081-3089 

[9]]  M. Kranenburg, P.C.J. Kamer, P.W.N.M. van Leeuwen, D. Vogt, W. Keim, J. Chem. Soc. Chem. 

Commun.,Commun., 1995,2177-2178 

[10]]  M. Kranenburg, J.P.G. Delis, P.C.J. Kamer, P.W.N.M. van Leeuwen, N. Veldman, A. L. Spek, 

K.. Goubitz, J. Fraanje,/. Chem. Soc. Dalton Trans., 1997, 1839-1849 

[11]]  M. Kranenburg, P.C.J. Kamer, P.W.N.M. van Leeuwen, Eur. J. Inorg. Chem., 1998, 25-27 

[12]]  a) M. Kawatsura, Y. Uozomi, T. Hayashi, J. Chem. Soc. Chem. Commun., 1998, 217-218; 

b)T.Hayashi,, M.Kowatsura, Y.Uozumi, J. Am. Chem. Soc, 1998,120, 1681-1687 

[13]]  K. J. Szabó, /. Am. Chem. Soc, 1996,118, 7818-7826 

[14]]  S. Ramdeehul, P. Dierkes, R. Aguado, P.C.J. Kamer, P.W.N.M. van Leeuwen, J.A. Osborn, 

Angew.Angew. Chem. Int. Ed. Engl, 1998, 37, 3118 

[15]]  P. Dierkes, P.W.N.M. van Leeuwen, J. Chem. Soc. Dalton Trans., in press 

[16]]  a) C. Amatore, A. Jutand, M. A. M'Braki, Organometallics, 1992, 11, 3009-3013, b) C. 

Amatore,, E. Carré, A. Jutand, M. A. M'Braki, Organometallics, 1995, 14, 1818-1826 

[17]]  C. Amatore, A. Jutand, F. Khalil, M. A. M'Barki, L. Mottier, Organometallics, 1993, 12, 3168-

3178 8 

[18]]  K. Vrieze, P.W.N.M. van Leeuwen, Studies of Dynamic Organometallic Compounds of the 

TransitionTransition Metals by means of Nuclear Magnetic Resonance, in Progress in Inorg. Chem., Vol. 14, S. L. 

Lippard,, Ed., Wiley and Sons, New York, 1971. 

[19]]  p obtained from the calculated (crotyl)Pd(bisphosphine) complexes 

[20]]  C. P. Casey, G. T. Whiteker, Isr. J. Chem., 1990,30, 299-304 

54 4 


