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(Seminal dimethylc~clopentadienee upcn heating iacmerise to vicinal dimethylopolopenta- 

dienee by a suprafaoial si_tropic 1.5 shift of a methyl group (1). Thin and the auc- 

ceeding letter oonoem other geminally substituted opclopentadienes I spire ocmpounda. 

(1) iacmerirea at 34S_4CC°C (diluted with nitrogen in a flow 

system) by first-order kinetics (log A = 12.89 

but one (ride infra) of many colons tried the 

product con&?&s of two peaks. 

(*"It Ba = 43.6 kcal/mole). Par all 

_-liquid chromatogram (MC) of the 

One (2) is 6-methylfulvene @: m/e = 92; 'ElMR = three proton doublet at8= 2.13 and 

five proton multiplet at%= 5.9-6.5 ppm;x _nm (logs 1 = 29.5 (4.851, 259.5 (4.85). 

269 (4.63); hydrogenation (3) yields etbylcyclopentane = A (2, 4). 

The other component (2) readily polpmerised (no effect of inhibitors). QLC on a 

30 I x 0.23 mm capillary column coated with octadecene effected at 25' separation into 

three major (3_, 2, 2) and one minor (<2%; unidentified) peaks. These properties pre- 

cluded individual isolation. The IWR spectrum consists of aignal~ in three regiona: 

8= 2.9~3,2(=C-Cl?,-C=C);8= 4.8-5.1(=CE2' audb= 5.8-6,8(=ca-c). Epdrogenation (3) 

yields A, cis- (=B) and trans-1,24imethylcyclopentane (=C) (2, 4). The amount of 

2 + 2 corresponds with A; that of 3 with B + C. Taking into coneideration all possible 

C7% compounda containing a five-membered ring, the combined CLC, RHR and hydrogenation 

data for widely varying compositions lead to the assigned structures for 3, 4 and 5 
_ - 
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A kinetic study using a micro f'lowreactor linked up with the capillary GLC column re- 

vealed (3 a temperature independent ratio E : 2 : f (0.49 t 0.40 : 0.11) and (Ir) an in- 

creasing ratio (g+z+4_) _ : 3 with increasing temperature. The activation parameters are for 

1 -?+J+k : log A = 13.84, E, = 47.1 kcal/mole, AS*= +3 cal/mole.degr,AH# = 

45.8 kcal/mole and for 1,' 5 : log A = 10.98, Ea = 38.1 kcal/mole, AS+ = -15 

cal/mole.degr, AH* = 36.8 kcal/mole. 

The conversion of itto 2_ is analogous to the cyclopropane-propene rearrangement, whiah 

is believed to occur in two steps via a birsdical (5). Although other mechanisms can 

be envisaged, we conclude from a that 3 and tarise from this common intermediate. 

The alternative second step leads to 5-vinylcyclopentadiene (51, which will by rapid 

1.5 shifts of hydrogen (6) isomeriee to l- and 2- vinylcyolopentadiene (3 and 4). I _ 

The ratio 2 _ : Cl+%) = 0.49 : 0.51 shows that the two reactions I-2 and I- 6 have _z -c 

equal probabilities. 



No. 32 2753 

The difference betweenAH#for the reaction cyclopropane J propene (65 koal/mole) 

(5) and for the reaction L'z+zA_ (47 kcal/mole) compares well with the difference 

in the bond dissociation energies D of C 
55 
CH2-H = 98(?') and of C5H5-H = 70 - 75 

kcal/mole (8). 

From kit follows that 5 is formed via a more rigid transition state in the rate-ds- 

termining step. As such we propose the (one-step) sigmatropic I,5 shift of an alkyl 

group in Lto give 1. Rapid I,5 shift of hydrogen (6) will convert2 to 8_and subse- 

quent electrocyclic opening of the cyclobutene ring (9) leads to the observed 3,4- 

dimethylidene cyclopentene (2). 

The rates of reaction 2-5 and 

are comparable:AG # -0 at 600 K = 

the methyl ehift of geminal dimethyloyclopentadienes 

46 and 40 - 42 kcal/mole respectively (though the 

values forAH#differ more : 36.8 and 42 - 45). If both processes occurred by way of 

dissociation into radicals the estimated difference (IO) is 27.6 (ringstrain of 

cyclopropane (11) ) plus 6 (a methyl versus a primary radioal) = 33 kcal'/mole. If 

sigmatropic processes are involved about one half of the difference in ring strain of 

cyclopropane (27.6) and of cyclobutane (26.2) emerges into the comparison. The near- 

equality of the rates thus confirms the conclusion that the ring expansion 1'2 and 

the methyl shift (12) are both sigmatropic reactions. 
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