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Highly Selective Synthesis of 4-Vinylcyclohexene by 
Cyclodimerization of Butadiene catalysed by 

Aminophosphinephosphinite and 
Bis(aminophosphine) Chiral Ligands Nickel Complexes 

Is&elk Sulsse, Her& Bricout, and Andti Mortnux’ 

AbstPact : The highesi chemoaekcnve s)nrrhwls of &in&y&h-c cw obaewd by buradtane tyhdhdzatim on 
nickd tzoqdbw haa been obtained with amin~ho&inepho&hini8e and bis(aahq~) chid ligmrdr 
(rclccrivity up to 9995). 

Butadiene cyclodimetization has been exte&vely studied by Wilke’s group since the early sixties.1 The 

association of zuovalent nickel with phosphorus ligands in an aprotic soht gives rise to the production of a 

mixture of 4-vinylcyclohexene (VCH), cycloocta-1,5diene (COD) and cis-1,2divinylcyclobutane (DVCB) as 

shown in Scheme 1. 

VCH COD DVCB 

Scheme 1 

According to the ligand structure, COD bas been obtained selectivety with sterically bit&red phosphites.2 

As within these compounds 4-vinykyclohexene is the only butadiene asymm&c cyclodimer, it is so of great 

it&rest to try to develop new bgands which could enhance both the chemo snd the enantioselectivity, thus 

providingaupcfutwaytothcpPductionofachiralsynthonby~~cC_Cbondformation~mthisvery 

cheap&allingmatelial. 

So far, the asymmetric synthesis of 4Gnylcyclohexene on nickel catalysts has been the subject of few 

studieqwherebw~~4ndmoderrteopticcrlyields(upto26%5)~becnobtajned,inthepresenceof 

dioee @r&4 as well as oxaiqhospholanes and aminophos#&zphosphinites ligands (AMPPhs 

thelaUerbeeinguscdinaligaud/nickelratioofl. 

Wewishnowtorcpoltdutuponusinga~d/nickelratioof2citherwithAMPP~((lS,2S)-Y- 

Ephos 1, (l&LY)-Epbos 2 and (5’)-RoNOP 3) or with bis(aminophosphine) @AMP) tigands ((S)-ProNNP 4 
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and N,~-(d~N,~~~e~~~l~e 5), an exceptional enhancement of chemo- 

-selectivity is observed. 

These ligands were prepared accord@ to procedures already described, 6 by diphosphinylation of 
. . (lS,2S)-Y-Ephedrine, (1R,2S)-Ephe&ine, (S)-Proliaol, (S)-2-(VW and N,N@methyi) 

ethylenediamine, to give mpectiwly the (lSJS)-Y-Ephoa, (l&U)-Ephoe, (S)-ProNOP, (S)-ProNNP and the 

N,r\F-(d~N,~~~e~~~e ligands as shown in Scheme 2. 
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Scheme 2 

In a typical hutadiene dimerizatim expehenc the reactiou was conducted under nitrogen upon using 
27.5 mg (0.1 mmol) of bis(cycboeta-l,S-diene)nickel and 1 or 2 equivalents of the vdk Wd 
dissolved in 8 ml of dry and degased tohwne in a glass reactor closed with a teflon stopper. Butadiem (0.43 g, 
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8 -01) was added as a liquid in this reactor which was heated at the desired temperature. The s&tion was 

slifiedlrndsamplesofthen;rctionmixturewcrc~~~thnetotirneaRcr~~andMa39adbyG.L.C. 

for commsion and sekctivitks by using n-heptane as intemal standard. 

Typical results are mported in the tabk, and compamd to other resulta obtained in the literature. 

Table : 4-Viicyclohexene Synthesis on Phosphane-Nickel CaMysts *. 

I&and L&and Temp. Time Cow. Yield [%] E.e.C Cxmtig. Ref. 
Nickel WI PI I%] VCH COD [%] 

lb P-3 2 

2b pph, 100 

3 ph2pNMc2 2 

4 Dppbd 1 

S Dppbd 2 

6 Diopf 1 

7 1 1 

8 1 2 

9 1 2 

10 2 1 

11 2 2 

12 3 I 

13 3 2 

14 4 1 

15 4 1 

16 4 2 

17 5 1 

60 

60 

60 

70 

70 

15 

15 
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96 

% 
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100 
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100 
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40 19 90 

60 72 4 
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40 19 90 
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40 24 90 

70 66 26 

60 24 90 

80 17 100 

70 24 90 

60 24 38 

37 63 
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29 71 
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a Experimental conditions : see text. 
b Butadime I nickel = 170, mile= 40 mmob’l; Solvent = anhydrous toluene 

c Lktennined on the basis of the optical rotation for the optical pure (s)-enantiomer of VCH [u],~~ = - 109 

(c=4.1,toluene).7 

d Dppb = 1,4&s(diphenylphosphino)butane. 

e With the Llppb &and, ihe major product is the cyclododeza- 1 .5,9-lriene trima which is respectively fmed with 

a selectivity of 61% and 43% B to the 1 or 2 Jigand I nickel ratio. 

f Diop = [(&2dimcthyl-1,3dioxohne-4&&l)bis(methyhe)&is@iplxnyiphosphine). 
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The adysis of the results leads to the f&owing comments : 

(i)Wha~tbeligan~theoptkalyieUremains lower than the best one m in the literature (26O&). 

(ii) Monodentate phosphine and aminophosph& ligands seem to be less suitabk for a sekct& synthesis 

of VCH than the bid&ate ones. Indeed, with me as ligand, Heimbach noted a VCH s&&ity 

cnhancemcntontyupto6oo~~uponincrtrrcringUePph,INirrtioto1oO~~~1,2).3Inthe~ew~, 

while a VCH / COD ratio of 4 is obtained with the ligand 5-nickel catalyst, this ratio drops to 0.4 when the 

comspondinsmonodcntateeystemisused(inthwctwocascs,P/Ni=2)(Entrics17,3). 

(iii)Amosgthebidentatc~~ofthe~(andfora~d/Ilickelnrtioofl),itapperrr,thanour 

AMpPandbisAMp~ptthtmoetsclcctivconcs~VcH~7-17). Inde&fortbeDiopand 

Dppb~inwhichdrtdiphcnyfphosphino~artboMd~aa~~nnottoallitrogenorrm 

oxygen atom, the major product is nqcctiwly cy&octa-1,5dia1c and the cy&d&&X-1,5,9-ti timer 

-4-6). 

(iv)Themaiuf&atlKe obserwdintbisseliesof ~tsisthrfuponincr&ngthel@nd/nkkelmiio 

~lto5aaclcctivityintoVCHupto~krtrchodbyueingAMPPandbisAMPligtnde.N~in 

thccastoftfieAMpP,theexccssofligsndreducesthtnctivity~~7-13)tosuchan~tthatitis 

neceaplpytoincfeasethereactiontemperatureinofdertoob#aingood umveXsions(Entrks8,9).Inaddition,for 

tbe (lS,2S)-Y-Ephos, a decnase of enantiosel~ and even the oppo&e enantiomer is observed tbougb in 

very low e.e.. Either a temperatue effect or the occurence of different cata@tic bidentate or monodentate 

species could explain this behtiour (Enties 7,9). 

(v) It is also noteworthy that upon using the (iT)+roNNP ligand, only one equivalent of this bis(arnino- 

-phosphine) compound is required to induce &nilady a high chemoxlecthityintoVCH(Ent1y14).Again,upon 

using 2 equivalents of (s)-ProNNP, this selectivity is enhanced to 98% but in this case with no loss of 

enantios&ctivity and activity (Entries 14,16). 

Thifi particular behaviour of the (*ProNNP, as compared with the AMPP Jigan& is bee@ examined in 

other asynunet& catalytic reactions we are cmtly studyiq in our &xatory.8 
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