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Summary The rate of ring opening of a-trialkylsilyloxycyclopropylmethyl 
radicals is about ten times slower than of the cyclopropylmethyl radical 

at 298K. 

Despitethe extensive use of the ring opening of cyclopropylmethyl 

radicals (la) to but-3-enyl radicals (&) - as a mechanistic probe for the 

estimation of the rates of competing processes, virtually nothing is 

known about the influence on the rate of ring opening of substituents 
, 

at the radical centre in substituted cyclopropylmethyl radicals.' The 

best estimate of the rate of ring opening of the parent cyclopropylmethyl 

is 2 IP lo8 s-1 at 25O 
2 

(using an A-factor of 1013'o). No rate studies 

of simple substituted cyclopropylmethyl radicals have been reported, 

although it might be expected that the rate of ring opening would be 

somewhat dependent on the spin density at the radical centre. 
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We are particularly interested in the rate of ring opening of 

a-hydroxycyclopropylmethyl radicals (lb) in view of the use of - 

cyclopropanemethanols as a probe for the mechanism of hydrogen transfer 
3 

by NAB(H) and alcohol dehydrogenase. All previous attempts to observe 

these radicals by e.s.r. spectroscopy have failed : only the ring opened 
L-6 

radicals (2_b) could be observed at temperatures down to 150K. At 

lower temperatures the limited solubility of the precursor alcohol in the 

solvent, cyclopropane, becomes a major problem. We thus decided to look 

at the rate of ring opening of a-trialkylsilyloxycyclopropylmethyl radicals 

(&t Id or If) by e.s.r. -- spectroscopy as it was expected that the 
0 

solubility of the precursor silyl ethers, c-C,HsCHR1OSiR,, in cyclo- 

propane would be much greater than that of the corresponding alcohols; 

thus enabling the rearrangements to be studied in the temperature range 

126-174~. 

The a-trialkylsilyloxycyclopropylmethyl radicals were generated by 

photolysis of a l/1/5 mixture of the silyl ether/di-t-butyl peroxide/ 

cyclopropane in the cavity of the e.s.r. spectrometer. Table 1 records 

the spectral data for the unopened radicals. The trialkylsilyloxy groups 

lower the spin density at the radical centre as reflected by the lower 

values of %(a-H) in & and J& compared to la, and by the lower value of 
7 

a(Me) in lf compared to that in &. The small magnitude of a(~-:) 

indicates that all the radicals exist in the bisected conformation. 

By analogy with previous work the higher of the two values of a(Y-H) 

is assigned to theBm-protons and the lower to the e-protons of the 

cyclopropane ring. In each case the e.s.r. spectrum of the ring-opened 

but-3-enyl radical increased in intensity at higher temperatures while 

the spectrum of the cyclopropylmethyl radical decreased in intensity, 

Table 1 E.s.r. parameters of cyclopropylmethyl radicals 

Radical Z/K 

Hyperfine splitting/G 

%(a-H) a(Me) a(~-H) a(Y-H) Ref. 

la 123 20.74 -- 2.55 2.98,2.01 8 

IC 137 16.0 _- 2.3 1.56,0.80 This work 

Id 137 15.8 -- 2.2 1.55,0.78 This work 

le 120 22.3 22.3 2.9 1.9,l.l 4 

If 137 -- 19.2 2.6 1.4,0,6 This work 

Table 2 records the rate constants for the ring opening of the 

a-trialakylsilyloxycyclopropylmethyl radicals : the rate constants 
2,9 

were obtained using the standard e.s.r. procedure. The value of 2kt 

used in the calculations was that obtained recently for the pent-l-y1 
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10 192 
radicals. Following Ingold the rates at 298K were calculated using 

an A-factor of 10'5'o. These results show that the rate of ring opening 

of cyclopropylmethyl radicals is decreased measurably by the introduction 

of an a-trialkylsilyloxy group at the radical centre. The rates of ring 

opening of the secondary radicals (lc and Id) are not significantly - - 

different from that of the tertiary radical (If). - 

Table 2 Rates of ring opening of cyclopropylmethyl radicals 

b 
-1 a 

Radical E(kJ mol ) 
Rate constant ,kf, 
at 298K(s/-') Ref. 

la 24.9 2.2 x lo8 2 

lc 31.3 1.7 x 10' This work 

Id 29.4 3.5 x 10' This work 

If 30.3 2.4 x lo7 This work 

-1 
a Values are + 5kJ mol 

b Calculated using a value of log A~13.0. 

A statistical factor of 2 was also 

introduced because either of the two bonds 
172 

in the cyclopropane ring may cleave. 

We have also shown that there is little if any discrimination in 

the point of hydrogen abstraction by t-butoxyl radicals from 
. 

MeOCHeCH,OSiMe, which gives approximately a 1:l mixture of MeOCHeCHOSiMe, 

and MeOCHCHeOSiMe, (together with some CH20CHeCHpOSiMe,). Thus the rates 

of hydrogen abstraction from the two sites must be about equal which 

suggests the C-H bonds are weakened to approximately the same extent by 

adjacent Me0 or R,SiO groups. This result suggests that the lesser 

electronegativity of silicon with respect to carbon does not significantly 

diminish the ease of formation of radicals on the carbon bearing the ether. 

In the enzyme-catalysed reaction, an intermediate ROZnt species is 

formed at the active site prior to oxidation or reduction. The equal 

competition between silicon and carbon suggests that radical formation at 

the enzyme's active site will not be greatly influenced by complexation of 

the substrate with the electropositive zinc. It is therefore possible to 

employ the rates of ring opening of the cyclopropylsilyl ethers to provide 

an estimate of the maximum lifetime of a putative radical intermediate in 

redox reactions mediated by alcohol dehydrogenases for the radical to remain 

undetected by this probe technique: The maximum half life is approximately 
_a 

3 x10 s. This result reinforces our earlier conclusion that radical 

intermediates are improbable in this enzyme-catalysed reaction. 
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