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CONVERSION OF NON-CONJUGATED DIRNRS INTO 

CONJUGATED DIENE-ZIRCONOCENRS VIA MUIXIPOSITIONAL REGIOISOMERIZATION 

John P. Maye and Ei-ichi Negishi* 

Deparrrncnr of chemistry, Purdue Universiry, West L&yette. hdiana 47907, USA 

Swnmury: Ihe nacdon of n-Bu@Q+ with mnbconjugated dienea (1) umthing a moly)- or l&dimbtbted 
alke~~ at m end and a l.l-di- or trisubstituted alkene at the other gives conjugated diene-zirconocenes 2 via 
mulf&nsitional ngioisomerization. 

Bicyclization of non-conjugated dienes. such as lP-heptadiene and 1.7-octadiene.‘~ with “zrcq”. such as that 

derived in situ fmm n-Bu$rC&3 has been shown to give zinxmabicycles. in which the rranr-fused isomers tend to 

dominate under the tbrmodynamic conditions! In further investigating the scope of this synthetically pmmising reaction, 

we have now found a facile mauion of certpin non-conjugated dienea (1) with “ZK&,” such as n-Bu?zrcpz, to produce 

conjugated diene-zinxmoce nes2(Eq.l). ~~isomerizationofl-alkaresto2-lllrenes5andof~dienes6 

catalyzed by zirconoccnes is known. the transformation shown in Eq. 1 appears to be unprecedented. This reaction is 

sightkant not only because it can compete and complement the previously reponed bicyclizatkm mactio@ but also 

kause it provides a ILDV~I mute to 2. The previously known methods for the pnqamtion of conjugated diem+- 

include photolysis of Ph.$r@ in the presence of conjugated dienes.7 the reaction of cpzzrclz with enediylmagnesium 

derivatives,8 and the lleaction of (c-Bu)(i-Bu)ZtCpz with conjugated dienes.9 

R’,Ra.R4= R or C Qroop 
R*= C @oup 

(1) 

‘l%eexperimentalmsultsamsummakdinTable1. ‘l’bediene-zircmwene products have been characterized by 

*Hand*3CNMRspectroscopy. lneachcase,2iss-& ,‘$ and the diar moiety is Z9546 regio- and stmeoisome&ally 

pme. the stereochemistry of the 1.2dlsubstituted alkene moiety being E. They have also been treated with I2 to give the 

conqonding conjugated dietbe& which, in turn. have been identified. We have previously mponed’O that the &on of 

cextain conjugated dienes. such as I-vinylcyclohexene. with n-B_ gives the cornspwldine 1-B coupling 

products, such as 3 (Mm I-vinylcyClo&~). Since 0llc of the by-produce in the &on shown in Eq. 1 is 1-Lutene, 

tk diene-zbbmxux complexes 2 can, in principle, mac4 tbtkr with I-buUme to give similar coupling pmducts. While 

the formation of such products in minor qmmtities cannot be totally ruled out at this point the major pmduct in each case 

is2. TheseseaninglycontradictorynsulCsmaybeattributsbletothefrctthatalloftheconjugateddi~usedinthe 

previous study contabd the parent vinyl group. i.e., CH&H-, while ule conjugated diene moiety in 2 do not. The higher 

degree of substitution in the dienes in 2 must hinder the further reaction of 2 with 1-butene. Indeed, ueatment of (E. E)-3- 
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Non-cdugated diem Ruduct Yii (%P 

o-( CH?]@i-CHg( la) 2n 73 5.02 and 5.51 101.00 and 103.81 

* c)ll)&H=ct-k#b) 2b 66 5.06 and 5.55 lal.93 and 103.73 

o-( CWeCH*Wlc) 2c 51 5.04 and 5.54 100.71 and 103.51 

F 
QV=C(C~&H =w (Id) zd 59 5.11 and 5.58 100.60 and 103.85 

wi 7% 
&Ii =collkcH ==cII2 (le) k 78 5.01 and 5.55 100.50 and 103.64 

=By ‘H NMR. ~III TIitUc~pxyknc-Me,Si. cIn C$6-~xylcnc-Me,Si. 

2b 

some OtiKx noteworthy aspects of the aaction shown in Eq. 1 ale as follows. The migrating alkclw can be either 

mono-orla-disubstltuted.asindicafedbythensultsshorminEq.2. Themsultaalsosuggcsttkttlwdoublebmxl 

migration must take place along the chain. ‘DIE double bond migration can take place over a long carbon chain, althoqh 

the yield of 2 does appear to diminish with the chain length. Thus, the yields of 2a, 2b. and 2c from the terminal vinyl- 

containing dienee (la-lc) we.= 73.66, and 51%. mapectivcly. The alkcne group at the migration terminus must be eitbw 

l.ldi- or trisubsdtuted for the formation of a &gle pndominant diene-zi- 2. The &on of n-Bu$M& with 

a, wdknes comain@ hvo monosubstituted alkenes is known to give nlatively stable xhconabicycles in cases where the 

carbocyclic moiety is five- or six-membered. l3 The corwponding reaction of l$-nonadiene. on the other hand, has 

pmduced a mixtum of products, none. of which pnxiominates.ll Trisubstituted alkcncs may be either proximally or distally 

disubstituted. All of those that have been tested in this study, such as those in P-2~. am pmximally disubstituted, aad no 
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If w 4 2f 
Amoresubtledfectof&~of8ubstitutionptthemigrationtermirmshasboen~~~indrecanpuiaonof 

the restion of l@ and 1e13 with n-Bu+C&. Both gave tbe expected dime-- 2daml2ein59aMl78% 

yields,nqectiMy. However,tfretatedformoPlonofZewssconsiderablyhigher(com~i15hat25OC)tbenthat 

of2d,whichmquhcd70hundathesamcconditiox% Fmthxmom,examhtationofthemacUonof2dwithintkAretfew 

hoursrevealedUleformrtiaaofSdica.604byield,esjudeedby~~veaaalysisof1H~Cp~gnslsat86.11 

and 6.17 pp.n as well as by GLC molysrs of the pmtonolysis product of Sd, i.e., 2,6,7-trhnethyl-1-mnene. It is likely that 

theovenllcourseofthenaaionmayberepr##ntedbySchemelladthatthewactoutcomeandrateoftfielraction 

sigttificantly depu16 on the natme rad degme of suktitution. ‘llnu, 1,6-hepdiene itself gives 6 (R’ = R* = R3 = Ii) via 

7(R’=R* =R3=Ii)asareladvelystabkqedes.13 In tbe teaction of Id, Sd which is initially fomxtd may not madily 

Mcyclizetogive6ddueprewrmrrMymUleplesenceofMessR’. WithdmeSdmaybeconveMto2dvia7d. The 

~rateoffomnatlonof~e~tothrtofMrmybestMbutatde toIhegleaterabilityofthel,ldisubsdtu~alkale 

in Id to stabilize 7d thtough &Ming ~~~plcxation than that of the trisubstituted allrme in le. 

2 ~@$+lH$- 

Et 
+ 

b: -a==== zr% _ 

lP R’ 
x2’ 

as RS 
1 (a andc) 7 

Finany.thepresawxofaquatmrPry~oran~ine1~2b~414. lntbetetherpaltofdiene!4nLJtonlyblocks 
alLcne isomerization but also pmotes bicyclizati~ as shown in Eqs. 4 and 5. 

8 Q W%l 10 [loo%) 
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Thefallowiry~~forthecanveraionofleimozCisrepnaentative. ToamixtureofC@C!4(0.40g,1.37 

mmol) and 6%6-methyl-i. (0.16 g, 1.28 mmoi) in 2 mL of THF was added dropwise at -78 OC n-BuLi in 

bcxane (2.63 M. 1.05 mL, 2.75 mmol). After 1 h at -78 “C, the mixtun was adned for 15 h at 23 OC. Analysis of the 

1HNMRCp~aat65.0iand5.55ppnusingp-xyie~as(mlnternatstrndardindicatedtheformationof~~78% 

yield. After rrmoval of the solvents and aalta, the ptoduct yielded the followh~ data: ‘H NMR (GD6, pxyiae. Me,si) 

6 -0.95 (cl. J = 6 Hx. 1 I-9, -0.55 to -0.4 (m, 1 H). 1.07 (t, J = 7 Hz, 3 H), 1.2-1.7 (m. 2 H). 1.80 (8.3 H). 1.99 (d,/ E 6 

Hz, 3 H), 2.0-2.4 (m. 2 H), 4.33 (d. J = ii Hz, 1 H). 4.88 (8, 5 H), 5.42 Q 5 H); 13C NMR (C!,D,. p-xylaz. Me$i) S 

14.54. 17.93. 24.14. 28.19, 40.12. 69.46, 69.99, 100.50. 103.65, 112.14. 122.65. Tmatment of 2e with r, (1.2 aquiv) in 

THFatOoCfollowedbywashingwithaqueousNazSz03andtheusual~~pprovideda79%GLCyield(basedonle) 

of (I&E)-3-methyl-2&octadiene: ‘I-l NMR (CDCI,, Me&) 8 0.90 (t, / = 7 Hz. 3 H), 1.2-1.5 (m, 2 H). 1.70 (d, J = 7 Hz. 

3 l-0. 1.72 (s. 3 Ii). 2.0-2.15 (m. 2 H). 5355.7 (m. 2 H). 6.05 (d. J = 16 Hx, 1 H); 13C NMR (C!DC13, p-xylene, hie$i) 

6 12.07, 13.67. 13.76. 22.90. 34.98, 124.29, 127.M, 134.46, 134.81; High Resolution MS Caled for C,$Ila: 124.1253; 

Formd: 124.1257. 
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The preparation of I was carded out as follows: 

The teaet&n of I-hepten-6-yne with Me&l and cpzzrQ2 (5 mol %) followed by pmtonoiyais gave Id. while 
iodhmiyais of the c&oahunhmtion product, lid&ion, and methylation with Me1 p~&ded le. 
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