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Abtitracti. lls title cun~ when aubjectcd to p-phase pyrolysis at 275OC. undergoes predominantly 
fnemengtaotOV=disoktylme. 

We wish to report on the thermal behavior of 7,7dimethylbicyclo[3.2.0lhept-2-ene (l),l which was 

prepared from 7.7-dimethylbicyclo[3.2.O]hept-2-en-6-one2 viu our standard cyclobutanone reduction3 in an 

overall yield of 12% based on the ketene pncursor isobutyryl chloride. We have conducted a rigorous kinetic 

investigation4 of the gas-phase (275oC.) pymsylate5 of the title compound using methylcyclohexane as an 

internal standard. The rate constant for overall loss of 1 (kd) as well as the relative distribution of products 

among three rearrangement modes (see Scheme 1). direct [lJ]-hydrogen shift (kt~). indirect [lJ]-hydrogen 

shift (kts), and retro-[2+2] cycloteversion or fragmentation (1q),6 m w in Table 1. 

4 

Scheme 1. Thermal rearrangement of 1 

The most favorable rearrangement mode for compound 1 is fragmentation to isobutylene and 

cyclopentadiene. However, two [ 1 j&hydrogen shif’ts also occur. The direct [lJ]-hydrogen shift, formally a 

retro-enc reaction, involves migration of a hydrogen from the endo-mthyl on C-7 to C-3 with concurtent 

migration of the pi bond and cleavage of the sigma bond between C- 1 and C-7. The indhect [ 1,5]-hydrogen 

shift we attribute to a diradical-mediated process involving homolysis of the sigma bond between C-l and C-7 

followed by a hydtogen shift from a methyl on C-7 to C-l. 
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m. Kinetic Data for 7,7dimethylbicyclo[3.2.O]hept-2-ene (1) at 275oC. 

kdr105s kl,S/kd k@tdO krflrd 
compound1 1.75 (1.72)t .15 c.01 .84 

structurally. 

Kinetic data from vinylcyclobutane systems related to compound 1 aa qortcd in Table 2. Chickos and 

Fmy have previously concluded that a [If-hydrogen shift in 2,2-dimethylvinylcyclobmane analogous to the 

direct [1,5]-hydrogen shift in 1 is concerted. 7 Interestingly, the relative contribution of the direct [l.S]- 

hydrogen shift is comparable in both the monocyclic 2,2dimethylvinylcyclobutane system and in the bicyclic 

system (compound 1). Simiiariy, the diradical-dated [lJ]-hydrogen shift in each system is relatively 

inconsequential with kl,J/kd - .Ol. 

m Kinetic Data far Related Vh~ylcyclobutanes at 275oC-f 

k&O5 S kl,SJkd k1,3/kd kr/kd 
a-pinene12 190 0.47 0.16 0.37 

2&limethylvinylcyclobutane7 15.5 0.18 0.04 0.77 

bicyclo[3.2.O]hept-210 0.92 --- [O&l]’ 10.431’ 

fRatc-at27S“Cbavebm1cak11latcdu8ingtkc~~ pammcmprwidedbytheaurk4rs. 
‘Rad~extrapoWcdiiumgraphicalcsdmrteofk~~~onthc~~of- 

The dominance of fragmentation can be accounted for by the formation of a diradical intermediate. 

Although fragmentation can proceed either directly via [2+2]cyclomversion tx indhectly via the inmrmed&y of 

5,5dimethyhmrbornene, which can then undergo a successive n%toDiels-Alder reaction, we have observed 

none of the product that would result from [ 1.3]-carbon migration. From the GC detection limits, we can 

extrapolate that the [1,3]-carbon shift can at most represent only 105% of the total fragmeneation pathway. 

Gajewski has atttibuted the ratio of reatrangement to cleavage in vinylcyclobutane thermolyses to “the 

geometry of the species generated upon initial fission of the cyclobutane allylic bond.” 8 However, the diradical 

species derived from compound 1 and from bicycl@3.2.O]hept-2cne would be identical geometrically except 

for the degree of substitution at C-7. Thus, this argument cannot account for the considerable difference in the 

narrangement:cleavage ratio of appmximately 0 for colllpound 1 as compared to 1 for the parent system9 

Because a [1,3]carbon shift was estimated by Cocks and Frey to constitute half of the fragmentation 

manifold in bicyclo[3.2.0]hept-2-ene. 10 there is a clear departure between the unsubstituted and the 

disubstituted bicyclic vinylcyclobutanes. We believe that a diradical intermediate can account for both 

fragmentation pathways: the direct [2+2]-cycloreversion and the tandem [1,31-carbon shift--[4+21- 

cyclorevemion. When the nonallylic radical center is terdary rather than primary, the longer-lived intermediate 

favors fragmentation over m&sure. In compound 1 fragmentation pmceeds exclusively along the C-l/C-7 and 
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C-5/C-6 axes (an obvious entropic benefit), parallel to MS fragmention. The observation of regiospecific 

fragmentation, in contrast to the mport by Co& and Frey for the patent system of competition from cleavage 

along the C-l/C-5 and C&/C-7 axes, is consistent with a dimd&xl intern&&e that is stabilized by an ally1 unit 

andatettiarycenteratC-7. 

A kinetic comparison of compound 1 with 2,2dinxthylvinylcyclobutane shows overall marrangement 

occurring one cader of magnitude faster in the monocyclic system suggesting that the dhadical intermediate 

forms less readily 6um the bii compound 1. We attribute this to the resistance of C-l to developing radical 

character because in every other mspect the two dimdkxl intemxdiates should have comparable stability. It is 

also noteworthy that vinylcyclobumnel1 and bicyclti3.2.O]hept-2-ene10 have very comparable overall rates of 

decomposition. Because bii&3.2.0]hept-2-ene has a second cleavage mode due to nonmgiospecific 

fragmentation, this compensates for the reduced reactivity inherent in the bicyclic system. However, 

mgiospecific fra~ntation deprives uxqnnmd 1 da secorxl fiagnxntation manifokl, 

If both the [ld]-carbon shift and fragmentation pathways traverse a diradical inmrmediate, the sum of 

these two rearrangement modes is relatively invariant (84 for compound 1, .81 for 2,2- 

dimethylvinylcyclobutane, and .87 for bicyclo[3.2.O]hept-2cne) except for a-pinene (.53).12 Alpha-pinene 

mustnot~~aneq~~~because,iritdM,~diradicalwouldbeverysimilarsnucturally~o 

derived from compound 1. One would thus expect gteater similarity in marrangment product distributions 

between the two compounds. An examination of Dmiding models reveals that the C-3 to en&-methyl H 

distance is virmally identical in both compound 1 and in a-pinene at 2.3A. Themfom, the gmater proportion of 

the concerted [1,5]-hydrogen shift product must be attributable to some other factor such as the gmater ring 

strain in a-pinene, which might enhance this manan~nt rmde by increasing the inward rotational component 

of the cycl&utane ring opening. 

Table 3. Rffect of Dimthy1 Substitution on kt$lrf Ratio at 275oC* 

viny1cyclobueanett 0.67 2Nimethylvinylcyck&mane7 0.05 

bicyclo[3.2.O]hept-2cne 1.otu(2.1)9 compaundl -0 

bicyclo[3.l.l]hept-2-e&f 5.1 a_*12 0.43 

*Rate constants at 275°C have heen calculated using the Arrhenius panuneters provided by the authors. 

The diminution in the kt$kfratio by roughly a factor of ten on 2,2dimethyl substitution of 

vinylcyclobutane (see Table 3) is consistent also with our observation in the bicyclo[3.2.0]hept-2-ene system 

and that of Gajewski in the bicyclo[3.l.llhept-2ene system. This and corroborates our earlier conclusion that 

the vinylcyclobutane ring opening traverses a diradical intermediate. 
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Characterization of 1 is as follows: IR(cm-1): 3000(m), 2905 s), 
(CDC13): 6.47 ppm @I-I), 2.1-4.0 (6H), 1.22 (3I-I). pL88 (3H). I s 

1585(w). 690(m). III-NMR 
C-NMR (CDCl3): 132.0 (CH=), 

131.5 (CH=), 56.6 Q-I), 40.8 (CH2). 39.6 (CH2). 39.0 (C), 30.3 (CH3). 29.9 (CH). ..Z&Z (CH3).The 
shielding of the endo substituent by the cyclopentene tin 
ketone pmcumom is apparent in both the lH-NMR and f 

observed by Dmiig2 in the IH-NMR of the 
3C-NMR chemical shifts (relevant values am 

underlined). MS (70 eV): 122(18), 107(7), 93(14). 80(52), 66(100). Elemental analysis: 87.13%C. 
11.69%H (C9Hl4). 
Rey, M.; Roberts. S.; Dieffenbacher. A.; D&ding, A.S. Heiv. Chim. Acta 1970.53,417. 
Burkey, J.D.; L&r. P.A.; Silverman, L.S. Synth. Cmun.l986,16, 1363. 
The kinetic analysis was derived from GC integmtions obtained with an HP3392A integrator using an 
HP589OA GC in the split-mode equip 

Ted 
with an HP 5Om x 0.2mm ID crosslinked methyl silicone 

capillary column. The first-order rate p ots wem subjected to both linear and nonlinear (Sim Rx) least- 
squares analyses with little deviation in the resultant rate constants. d 
1 is l&5(+.01) x 10-3 mitt-1 (cc = 0.9999). 

By linear least-squares ysislkdfor 
und 

c”“f” 
1 was moniaed for nnxe than 6 half-lives. 

Gajewski, J.J.; Chou. S.K. J. Am. C/tern. Sot. 977.57, 56%. 
Using the column described in ref. 4 with a temperature program of 9ooC. for 1 mitt followed by a 
SoC./min temperature increase to lloOC., the GC retention times were as follows: isobutylene and 
cyclopentadiene, 4.8-5.0 min; cyclohexane(GC solvent), 5.2 min; methylcyclohexane (intemal standard), 
5.5 mitt; compound 1,6.3 min. [If-hydrogen shift products, 6.66.8 min. 
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