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The Pronounced Differences in Reactivity of Perfluoro-t-butoxyl and
t-Butoxyl Radicals
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and RoBEeRrT C. DOBBIE
(School of Chemistry, The University, Newcastle-upon-Tyne NE1 TRU)

Summary Perfluoro-t-butoxyl radicals differ from t-
butoxyl radicals in that they add to double bonds rather
than abstract allylic hydrogens, and abstract hydrogen
from the alkyl groups of trialkyl phosphites or trialkyl-
boranes in preference to exclusive attack at the metal
centre.

ArtHOUGH sources of perfluoroalkoxyl radicals are now
available, little is known of their properties compared with
those of alkoxyl radicals. We have now compared the
reactions of perfluoro-t-butoxyl radicals with those of
t-butoxyl radicals, towards alkenes, trialkyl phosphites, and
trialkylboranes, and find that the two types of radical
differ markedly in their behaviour.

Perfluoro-t-butoxyl radicals (BukO*) were generated by
u.v. irradiation of solutions containing perfluorodi-t-butyl
peroxide! and the substrate, in situ in the cavity of an e.s.r.
spectrometer.2 The steady state concentration of the
carbon-centred radicals which is observed parallels their
relative rates of production.? The Table lists the radicals
detected and their hyperfine splittings.

t-Butoxyl radicals react with propene or 2-methylpropene
by abstracting an allylic hydrogen atom (equation la)4 and
even with ethylene no adduct radical can be detected.®

—BYO"__, ButOH + CH,CR'=CH, (la)

MeCR’ = CH, —

_BuiO" | MeCR/CH,0Bub (1b)

Perfluoro-t-butoxyl radicals undergo preferential addition
to all three alkenes (equation 1b), and no allylic radicals

t
OBuF

’

R )@& Me (I}

H H

were detectable. The B-hydrogen coupling constants of
the adduct radicals indicate that the preferred conforma-
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TABLE

Radicals detected during the reactions of perfluoro-t-butoxyl radicals with various substrates in cyclopropane-CF,CICF,Cl solution.

Substrate Radical detected Temp/°C Hyperfine splittings/G

CH,=CH, Bu}OCH,CH, — 602 a («H) 21-3 (2H); a (BH) 25-6 (2H);
. a (F) 0-75 (9F)

CH,=CHMe BujOCH,CHMe —36 a («H) 21-5 (1H); a (BH) 15'5 (2H);
. a (BH) 24-8 (3H); a (F) 0-8 (9F).

CH,=CMe, BujOCH,CMe, —60 a (BH) 13-5 (2H); a (BH) 23-5 (6H);

. a (F) 0-8 (9F).

MeCH,0H MeCHOHP® —25 a («H) 15-2 (1H); o (BH) 21-8 (3H);
. a (OH) 0-6 (1H).

(MeCH,0),P (EtO),POCHMe¢c —-30 a («H) 16-5 (1H); a (BH) 22-3 (3H);
. a (P) 83 (1P).

(MeO),P (MeO),POCH, —25 a («H) 18-6 (2H); a (P) 7-1 (1P).

Pro,B MeCH,CH,4 —60 a («H) 21-3 (2H); a (BH) 28-3 (2H);

a At this temperature the lines corresponding to radicals with My(8H) = 0 were broader than those with My(fH) =

a (yH) 0-3 (3H).
+ 1, indicating

out-of- phase modulation of the g-hydrogen h.f.s., probably as a result of restriction of rotation about the Cg~O bond.

b No CH,CH,OH was detectable.

¢ At —90° two weak phosphoranyl radicals were also detected. The one with larger phosphorus hyperfine splitting [a(P)1020G,
a(F) 10G (6F)] is assigned the structure (EtO), POBuF, the other {a(P)824G, a(F)27G (3F)] is probably (EtO)aPCF Trimethyl

phosphite showed similar behaviour.
POBut.2

The radical (EtO)aPOBu‘ was also detected in the reaction of ethoxyl radicals with (EtO),-

4 Radicals produced by hydrogen abstraction from the propyl groups attached to boron were also detected.

tions of ButOCH,CHMe and BuO4CH,CMe, are as shown in
(I, R”"=H or Me).

t-Butoxyl radicals react with trialkyl phosphites at close
to the diffusion-controlled limit to bring about overall
oxidation to phosphate via an intermediate phosphoranyl
radical (e.g. equation 2).%

ButO- + P(OEt); —-> ButOP(OEt); —>
But- 4+ OP(OEt), @)

In contrast, perfluoro-t-butoxyl radicals preferentially
abstract hydrogen from the alkoxy groups (see Table).

t-Butoxyl radicals react rapidly and selectively at the
boron centre in trialkylboranes to displace an alkyl radical
{(e.g. equation 3a). There is no evidence for competitive
abstraction of hydrogen from the alkyl side chain, and when

the reaction is conducted in the presence of cyclopentane
(equation 3b), the ratio kya/ksp (R = But) is 103 at —20°.2

Perfiuoro-t-butoxyl radicals are much less selective,
Rsa/ksp (R = Bul) being ca. 4 at —20°.
RO* 4+ BBu, — ROBBu, + Bu* (3a)
RO* + C;H,, —> ROH + C;H,* (3b)

The fact that the perfluoro-t-butoxyl radical is much
more electrophilic than the t-butoxyl radical must in part
account for its different behaviour, but clearly absolute
rate constants for the reaction of the BujO- radical are
needed.

(Receivea, 19th March 1974 ; Com. 309.)
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