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Summary : cls-Bxyclo(4.3.0)-3,7-nonadlene 1s lsomerlzed by tltanocene- 
derived catalysts to blcyclo(4.3.0)-2,9-nonadLene. 

Tltanocene catalysts are known to induce hydroalumlnatlon, hydrogenatxon 

and lsomerlzatlon of olef Ins. 2 Recently, we have reported that 1,5,9-cyclo- 

dodecatrlene (CDT) was lsomerlzed by the tltanocene catalyst prepared in situ 

from Cp2TlC12 and LLA~H~.~ In CDT the reaction starts by a convergent double 

bond shift of the 1,5-dlene to 1,3-dlene system, the latter being consumed 

In the intramolecular Duels-Alder reactxon yxeldlng mainly (80%) tricyclo- 

(7.3.0.02a6)-7-dodecenes.3 Since the convergent lsomerlzatlon of readily 

available 1,5-dlenes to 1,3-dlenes 1s of synthetic Interest, we applied our 

catalyst to lsomet-lzatlon of bxcyclo(4.3.0)-3,7-nonadlenes. 

At 165’C the cls-annulated dlene 1 1s cleanly converted by the Cp2TiC12 

LiAl.H4 catalyst to the conJugated isomer - blcyclo(4.3.0)-2,9-nonadlene - 2 

In nearly quantltatlve yield. 

1 2 

The optimum molar ratio - dlene : Cp2T1C12 : LiAlH4 - was found to be 

250 : 1 . 4. The structure of 2 was confirmed by mass spectra (m/z 120, 

105, 92, 91 (base peak), 79, 77, 65), UV (Amax,= 237 nm), ‘H-NMR (&,ppm): 

0.88 - 1.71m, 2.21m, 9H; 5.46m, lH, 5.73m, lH, 6.27d (J = 9.8 Hz), lH, 

13C-NMR - 26.4t, 30.lt, 31.5t, 32.0t, 43,4d, 123.ld, 123,8d, 13o.ld, 142.8s, 

and chemxcal correlation : 



OH 

9-BBN 

1 

1) H2/Pt 

2) PCC 

V(C=O) = 1718 cm 
-1 

9-BBN: 9-borab=cyclo(3.3.1)nonane4, PCC : pyridlnlum chlorochromate5 

As the lsomerlzatlon using the Cp2TlC12 -LzAlH4 system can be tedious 

or even unfeasible when handling very small quantltles of dlenes, an alter- 

native a simple procedure was developped which makes use of ,u-(y5: T5-fulva- 

lene)-d~-,U-hydr~do-bzs(cyclopentadlenylt~tan~um) (“dlmerlc tltanocene”, DJ 

as the catalyst. 2 can be prepared in quantltatlve yield by reducing 

Cp2TlC12 with LlAlH4 in high-bolllng oleflnic or aromatlc solvents of which 

mesitylene is superior. 
6 

The following procedure 1s representative for the 

lsomerization of L to 2, when E 1s employed: 

An allquot of the mesltylene solution of 111 1s transferred to the reac- 

tlon bulb and the solvent 1s dzstllled off In vacua. The dlene ,& 1s dlstll- 

led to the solid catalyst to achieve 0.01 mol.L-’ concentration of the latter, 

The bulb 1s sealed off and heated to 180°C for 6 hours. The cooled bulb 1s 

then opened and the product 2 IS dlstllled off In vacua. Air and moisture 

should be strictly avoided and the starting dlene should not contain redu- 

cible oxygen or halogen-containing lmpurltles In an amount comparable to 

that of 5. 

The z-catalyzed lsomerlzatlon of 1 starts slowly at 140°C and two 

intermediates ;-and 2 can be trapped simultaneously In the early stage 

of the reactlon. 
7 

The conJugated dlene 2 1s stable to E up to 2OO’C. At higher temperatu- 

res, 1 1s slowly lsomerlzed to a mixture of other CgH12 isomers and also 

the intermolecular hydrogen transfer takes place yleldlng lndane and CgH14 



hydrocarbons. Simultaneously, the amount of (CgH12)n ollgomers increases 

rapldly with rlslng temperature. 

trans-Blcyclo(4.3 0)-3,7-nonadlene 2 
8 

reacts sluggishly with DA. 

After 4h at 200°C the reaction mixture contained mainly the starting dlene 

2 (64%) together with 2 (22%), Lndane (7%) and a mixture of C9H14 Isomers 

(7%). At higher temperatures the formation of lndane and C9H14 oleflns was 

more pronounced and a considerable amount of 2 was converted to ollgomers. 

The much slower lsomerlzatlon of 2 compared with i indicates that both 

double bonds of the l,.%dlene system must be available to the tltanlum cata- 

lyst. The favourable arrangement of double bonds 1s easily achieved only 1.n 

2 which has a flexible skeleton. However, the remarkable reglospeclflclty 

of lsomerlzatlon of _& 1s probably not due to any simultaneous shift of both 

double bonds as evidenced by the lsolatlon of 2 and 4. An attempt to pre- 

pare the third possible lntermedlate 5 resulted in formation of 2.S Hence, 

2 cannot be excluded as an intermediate of the lsomerlzatlon of 1, but it 

1s probably too unstable to be trapped. 

QH 

HMPA ~ -2 
In order to compare the relative stabilities of the three possible 

heteroannular, conjugated dlenes 2, z and 8, the total energies were 

calculated by the CND0/2 method (full geometry optlmallzatlon). 9 

conformer 2a: AAH 

conformer’2b AAH: 1 :::: t::::.:::’ 

AAHf = 13.4 kcal.mol 
-1 

AAHf = 0 

The calculated data indicate that the lsomerlzatlon of 1 1s not controlled 

by the stability of the resulting olefln. Even if the most stable isomer g 

were unaccesslble due to kinetic reasons, about 20% of z could be expected 

In the reaction mixture, contrary to our observation. 

In both catalytic systems, the active species - Cp2TlR - 1s formed by 

addition of the intermediate (CP~TIH)~ to the olefln. The presence of Cp2TlR 

1s evidenced by the sharp ESR signal which appears at the beglnnlng of the 

lsomerizatlon. With 1 the ESR signal at g = 1.991 started to grow at 14O’C. 



640 

At 160°c it was replaced by another slgnal at g = 1.993. 10 
With 2 and 5 , 

the latter signal appeared at 175’C increasing Its 1ntenslt.y up to 24O’C. 

Above 240°C a new signal was detected at g = 1.996. 11 
The different tempe- 

ratures of the appearance of Cp2TiR species point at the active role of the 

olefln In the decomposltlon of DT. The decomposltlon must be commenced by 

lnsartlon of the olefln double bond Into the bridge Ti-H bond. This is pro- 

bably followed by dxssoclatlon of fulvalene Into two cyclopentadlenyl llgands. 

The lsomerlzatlon proceeds either by the displacement mechanxsm or by that 

involving intermediate formation tltanlum hydride species. 

In concluding, both tltanocene catalysts enable a one-step preparation 

of 2 which 1s otherwise unaccessxble unless by a multlstep synthesis. 

Further abxlltlas of these catalysts, as well as the nature of the catalytl- 

tally active species, are under lnvestlgatlon. 
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