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Abstmct: Rates of chlorine-atom abstraction by Me,N-&HBu and Et,Si’ from RCHQ [R = Pr, MeOCH,, 
(MeO)&H, Me&] have been determined using ESR spectrarcopy. The relatively rapid abstraction qf 
chlorine from MeOCH,CH,Cl by the very nucleophilic Me,N+bHBu is attributed to a kinetic anomeric effect. 

The importance of polar effects on the reactions of electrically-neutral free radicals has been recognised for 

very many years.’ Such effects can be understood in terms of the frontier molecular orbital interactions2 between a 

radical and its co-reactant, or by including canonical structures which reflect charge transfer between the reactant 

residues in a valence-bond description of the transition state. ‘%’ Polar factors have often been invoked to account for 

a-sub&rent effects’ on radical reactions, however the possible part played by polar factors in determining 

p-substituent effect? has often been overlooked in favour of enthalpic factors (i.e. the effect of the substituent on the 

thermochemistry of the overall reaction). Indeed, the polar and enthalpic effects of a given substituent can affect 

the activation energy of a reaction in the same or in opposite senses, depending on the direction of charge transfer 

in the particular transition state.’ 

In 1982, Barton, Hartwig and Motherwell proposed that alkyl radicals were stabilised by P_alkoxy 

substituents and that this purely enthafpic effect resulted in the mom ready formation of B-alkoxyalkyl radicals 

compared with unsubstituted radicals of otherwise similar structure. However, these conclusions were based on the 

overall rates of chain reactions, which do not necessarily parallel the rate of an individual propagation step. 

The radical MeOCH,C(H)OMe adopts the conformation 1T9 in which the p-C-0 bond eclipses the axis of 

the semi-occupied orbital on C,, and the conformational preference shown by this type of radical has been attributed 

to the desire to optimise the stabilising interaction between the unpaired electron on C,, a lone pair on the a-oxygen 

atom, and the p-C-0 o* orbital.*~‘“*” In valence-bond terms, conformation 1 allows maximum contribution from 

structures 3c and 3d, in which the negative charge on C, in 3b has been transferred to the bxygen atom.” This 

is an example of the general&d anomerlc effectI and may be described equivalently in the language of pemnbational 
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molecular orbital theory.‘“~t’ In contrast, the radical MeOCH,CH, which lacks the a-methoxy group, is helieved to 

adopt the conformation 2,’ in which hypemonjugative interaction between the unpaired electron and a B-C-H o-bonding 

electron pair is preferred over any interaction with the B-C-0 bond.13*‘4 

Beckwith and Brumby’ have concluded that the &Me0 substituent has only a minor influence on the rate 

of hydrogen-atom abstraction by BuQ from MeOCH$H,OMe to give MeOCH,C(H)OMe, although it does confer on 

the latter radical a preference for the conformation 1. However, Dupuis et al.” have reported that a B-C-O bond 

influences not only the ground-state conformation of carboncentmd radicals, but also increases the rate of their 

formation by chlorine-atom abstraction using tributylstannyl radicals, provided that the C-O bond is correctly orientated 

with respect to the C-Cl bond undergoing cleavage in the transition state.” Thus, the existence of a kinetic &oxygen 

substituent effect remains a subject of controversy and, as noted above, the magnitude of any such effect is not 

necessarily related to the influence of a B-oxygen atom on the overall reaction enthalpy. 

Against this background, we have determined the relative rates of halogen abstraction from a number of alkyl 

chlorides (eqn.1). using ESR spectroscopy to monitor the elementary atom-transfer process in isolation.‘6 The 

M’ + RCl k MC1 + R (1) 

Bu’OOBu’ hv 2Bu’O (2) 

Bu’O’ + MH ----, M’ + Bu’OH (3) 

abstracting metalloidal radicals M’ investigated were MqN+BHBu (TBB’) and Et,.%’ (TES’). produced by reaction of 

photochemicslly-generated t-butoxyl radicals with MH (eqns. 2 and 3). Cyclopropane solutions containing di-t-butyl 

peroxide (DTBP), MH, and two chlorides R’Cl and R’Cl were irradiated with UV light at 153-253 K while the sample 

was positioned in the microwave cavity of an ESR spectrometer. I6 The steady-state value of [R”)/[R’] during 

continuous photolysis was determined by double-integration and/or computer simulation of appropriate lines in the ESR 

spectra and is related to the relative rate constants for chlorine-atom abstraction by eqn. 4, provided that R’* and R’ 

are removed by self- and cross-reactions which have equal (diffusion-controlled) rate constants.t7 The chlorides 4-7 

were chosen for our initial studies and the relative rate data obtained are presented in the Table.‘* 

k,/k, = [R”l[RzCll/~R”l~R’Cll (4) 

MeCH,CH,CHJIl 

4 

McOCH,CH,Cl 

5 

(MeO)JIHCH,Cl 

6 

Me,SiCH,Cl 

7 

Our previous workI has shown that TBB’ abstracts chlorine much mom rapidly from I-chlorobutane 4 than 

does TBS. Despite being the mire reactive radical, TBB’ is more selective than TES’ in competitive abstraction of 

chlorine from 4 and 5 or from 4 and 6, a trend which provides evidence for the importance of polar factors in 

determining the rates of halogen abstraction. As is evident from the tabulated data, the relative rates of chlorine-atom 

abstraction are governed mainly by differences in activation energies. The transition state for chlorine-atom transfer 

to a nucleophilic metalloidal radical M can be described as a resonance hybrid of the structures 8a-c and the 
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TABLE: Rate constants (C,) at 200 K and Arrhenius parameters (A,,, and E,.J for chlorine-atom abstraction from 

RtX&Cl relative to abstraction from l-chlorobutane 4 in cycloptopane. 

RCH,Cl 

MeCH,CH&HJJ 4 

MeOCHJH,Cl 5 

(MeO)&HCH&l6 

Me,SiCH,Cl 7 

Abstracting radical M 

TBB TBS 

h A,? E,P t Ada EIClb 

(1) (1) (0) (1) (1) (0) 

5.5 0.82 3.16 1.4 1.38 0.05 

17.2 0.52 5.82 2.2 1.44 0.6s 

46.3 0.78 6.79 38.2 0.66 6.75 

a 4, = A(RCH,Cl)/A(BuCl). b E,c, = EJBuCl)-E,OZCH,Cl) in k.l mol”. 

contribution from & will increase as the ionisation energy of M decreases and as the electron affinity of RCH, 

increases. 

[RCH,-Cl ‘Ml t) [RCH, Cl-M] t) [RzHz Cl’ I;r] 

8a 8b t3k.z 

Charge transfer will be especially important in the transition state for abstraction of chlorine by the very 

nucleophiliczo TBB’. The calculated2’ vertical ionisation energy of H,N+BHMe is only 5.47 eV, appreciably less than 

the ionisation energy of Me,Si’ (6.81 eV),r2 which is expected to be similar to that of TBS. While the B-Me0 groups 

in 5 and 6 exert only a small activating effect on chlorine-atom abstraction by TBS. they do substantially increase the 

rate of abstraction by TBB’. When M’ = TBB’, structure & evidently contributes more to the transition state for 

abstraction from 5 or 6 than to that for abstraction from 4. We propose that negative charge on C, in the transition 

state for abstraction from 5 is delocalised into the B-C-O o* orbital, an anomeric stabilisation not possible for 

abstraction from 4.” The preferred orientation of the p-C-0 bond with respect to the C-Cl bond undergoing cleavage 

and the developing radical centre in the transition state should be as shown in 9 (c$ the reason for tbe adoption of 

conformation 1, discussed above). Once the chlorine has departed, interaction of the unpaired electron in MeOCHCHz 

with the B-C-0 o or o* orbitals is insufficient to maintain the eclipsing C-O bond and the preferred geometry of this 

radical is as shown in 2. 

1 

%- 
&__-$.f 9 

Both TBB’ and TES’ abstmct chlorine much more rapidly from chloromethyl(trimethyl)silane 7 than from 

I-chlotobutane. The strength of the C-Cl bond in 7 has not been determined, but DH”(Me$iCH,-H) is 415 kJ mol.t 
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[compared with 417 kl mol” for DH’(Me,CCH,-H)]. indicating that the radical-stabilising power of ao a-silyl 

substituent is very small.” As discussed by Wilt Q al.,’ it is the ability of an a-silyl substituent to stabiiise negative 

charge on an adjacent carbon atom in the transition state that is probably dominant in conferring high reactivity on 

7 in chlorine-atom transfer to the nucleophilic Bu,Sn’. We attribute the high reactivity of 7 towards TBB’ and TES 

to this polar effect of the a-shy1 substituent in the transition state and, in this respect. an a-Me,Si group is more 

effective than a &Me0 group. 

The value oft for 5 is 5.3 in oxirane-Bu’OH (2:1 v/v) at 200 K, very close to the value in cyclopqsaue, 

suggesting that the reactauts and the transition state are stabilised to similar extents in the more polar solvent. 

We conclude that although the enthalpic effect of a PC-0 bond on chlorine abstraction from C, is probably 

negligible, nevertheless a B-oxygen substituent can exert a stabilising effect on the polar transition state for abstraction 

of chlorine by the very nucleophilic TBB’. probably via the same type of anomeric effect which leads to the 

conformation 1 being favouted for the radical MeOCH.&H)OMe. 
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