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Scheme I 

products, iu relative amuuts of 4:1:1, whose glpc behavior is cousistent with what would be 

expected of methyl-substituted analogs of2. Ihe rate of formation of these products, relative 

to that of 5, is sindlar to that observed for the rates of form&ion of 2 and& Their yield, 

estimated by glpc, is $& 259. 

A mixture prepared by the successive addition of 3.8 g (33 mmle) of t.-DuOK, 2.43 g 

(33 mole) of t,-DuOH, 4.32 g (30 mmle) of di-i-butyluitroxide, and 6.7 g (30 nmle)of l-iodo-k- 

metbylcyclohexene to 60 ml of DNO, on heating at 60" for 5 hr., gave a 2.17-g fraction with bp 

30"/40 nrm-60"/1 mn, which consisted of Cv hydrocarbons, &-DuOH, di-L-butyluitmxide, and 0.51 g 

(lO$)of an 82:18 ndxture of 1-t_butoxy&methyl- and 5-methylcyclohexene, and a 3.6-g residue. 

Examination of this residue by glpc failed to detect a trace of> or the other presmd Cl4 

and C,lhydrocarbons but gave several large volatileproductpeaks. chromatography of the 

residue on basic alumina with perkane as eluent gave 2.7 g of white, crystalline nmterial. lbe 

first 2.0 g eluted had mp 113-fiB", which was raised to 120-122° after 2 recrystallizations 

from &O&ether. Analytical and spectral data for this product indicated that it is one or mre 

of the possible diastereomers ofz. [Mwt. 505 * 30 by osmxuetry in CD&l, (~&sIy202 requires 

476.8). C, 75.20; H, ll.95; B, 5.82 kale. C, 75.57; H, 11.84; IV, 5.82). Nmr (CCl,), li 5.32 

(w+ = 9 HZ, 1 IS), 4.80 (wq, = 16 HZ, 1 II), and 0.85-2.30 ppm (m, with intense s at 8 1.05 and 

1.19 ppm, 27 f 1 H).l']. Our interpretation of these results is shown iu Scheme II. 
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Schellle II 

lhat di-t_lnrtylnitroxide undergoes no significant reaction with 5-mthyl-1,2-cyclohexadiene 

is shown by the yield and comosition of the t_bntoxycyclohexenes. If such areactionwere of 

significance, the ratio of 1-k-butoxy-4-methylcyclohexene to l&_-butoxy-5-methylcyclohexene 

would have decreased toward 1:l frcau the ca3:l ratio observed in the absence of the nitroxide. 

lherefore, the nitroxide mst intercept amther intermediate in the reaction sequence lead- to 

2, and the diradlcal~ is clearly implicated. 'Bus, the rate of reaction of% and di-t- 

butylnitroxide must be greater than the rate of cyclization of 2. 

Our results also indicate that di-t_butylnitroxide also intercepts intermediates that lead 

to the [2 + 23 and [4 + 2]cycloaddition products of 1,2- and 1,3-cyclohexadienel*' (axxl their - 

corresponding dimethyl hornlogs). Di-k-butylnitroxide appears to have considerable value as an 

aid in distinguishing between stepwise and concerted cycloaddition reactions. 
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’ A mixture of 2.2 g of k-&OK, 1.5 g of i-BuOH, 3.3 g of 1-iodo-4-methylcyclohexene, and 

33 ml of DMO was heated at 60” until the reaction was complete. 'lb a 2-ml aliquot was added 

1 ml of D&SO; to a second 2-ml aliquot was added 1 ml of di-@utyl.nitroxide. These mixtures 

were heated at 60” for 2 days and examined periodically by glpc under conditions that 

clearly allowed detection and esttition of the relative munts of the various products, 

including the 3 presumed C,l hydrocarbons. aOmparison of the chromatograms obtained for the 

2 samples showed that the relative composition of the various products was unaffected by the 

added di-k-butylnitroxide. 

lo A purified sar@e of?, as an oil, was obtained by prep glpc on Carbowax 2OM. M. wt. (ms), 

180.3. c, 88.94; H, 10.80 (cd&o requires C, 89.29; H, 10.71). IVm (Ccl,), 6 5.20 

(w+ = 8 m, 2 H), 0.80 - 2.45 ppm (m, with d, J = 6 Hz, at 6 0.96 ppm, 18 H). 

l1 pie nmr spectra of the crude mterial and of the material obtained on successive 

recrystalJ.izations were very similar, but noteworthy changes were observed in the t_-butyl 

region. The fj 1.19 ppm peak had a greater height than the 6 1.05 ppm peak in the spectrum 

of the crude sample, and it also had a significant shoulder at 6 1.16 ppm. RecrystaUization 

resulted in substantial reduction of the intensity of the shoulder and a lowering of the 

height of the 6 1.19 ppm peak to gO$ of the height of the 6 1.05 ppm peak. The nmss 

spectrum ofzwas very complex with an intense peak at m/e of 144 (~-B@O). 


