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Abstract New fieeadieal syntheses were developed under GiF-Baton conditions by happing t-BuO. 
mdicds with electron-rich dkenea (vinyl ether, styrene, a-methylstyrene) and acetaldehyde. 

Recently, the halogenation of alkenes and alkanes under Gii conditions has been the subject of different 
interpretations. Wet explain thii halogenation by a ligand transfer from Fe(LII) halides to alkyl radicals, while 
Barton and coworkers* suggest a mom complex mechanism involving organo-iron (V) intermediates. 

Our results* indicated that not only alkyl radicals, but also t-BuO. radicals were formed from t-BuOOH, 
thii was proved by napping methyl radicals deriving from P_scission; however, this evidence was not conclusive 
owing to the small amount (1% based on t-BuOOH) of tbe trapped methyl radical and the solvent dependence3 
of the j3-scission reaction. 

ln the present paper we report new synthetically interesting reactions, providing strong evidence that t- 
BuO. radicals are reaction intermediates under Gif conditions: these electrophilic radicals are trapped by 
electron-rich alkenes, such as vinyl ether, stymne, a-methylstyrene. Styrene and a-mthylstymne react with t- 
BuOOH and Cl- to give cloroethers 1 and 2 following eq.1. The results are reported in Table 1. 

Ill- 7-I 
Mm, P 

2 + t-BuOOH + Cl- ph~-C+OBu-t + OH‘ (1) 

R R 
1 R=H 
2 R=Me 

In the reaction with a-methylstyrene, product 2 undergoes partial dehydrochlorination under the reaction 

conditions, leading to alkenes cis- (3) and tran.r- (4) Ph-C(Me)&H-OBu-t and Ph-C(=CH&CH2-OBu-t (5); 
similar results were obtained with Fe(U) and LiCl in aqueous acetonihile solution. Clearly, the mdox chain of 
eqs.2-4 occurs in both cases. 

t-B&OH + l%(U) - t-Buo’ + Fe(IQ + OH - (2) 

t-Buo’ + CH2=CN-Ph - t-Buq&-fi (3) 

t-Buo-u-l2~-h + cl&o - 
t-RuO-C+YH-Pb + Fe0 

(4) 
a 

Under Gifconditions the chain is likely to be initiated by the relatively slow reaction of eq.5. 

t-l3uOOH + Fe(IJl) - t-BuO-+Fk@V)=O+H+ 
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Gif conditions can be even more effective than the classical Fenton chemistry (Table l), because the very 
low stationary concentration of l%(H) salt minimizes the main, fast competitive reaction of t-BuO. (eq.6). 

t-BuO’+Fe(lI)+H+ - t-BuOH + Fe(m) (6) 

In the presence of cyclohexane under the same conditions chlorocyclohexane (6) was formed according to 
the Barton report2; if styrene and a-mthylstyrene are added to the reaction mix-, the formation of 1 and 2 
competes with that of 6, the ratios between these three products being strictly dependent on the 
cyclohexane:alkene ratios and in good agreement with previous’ studies on the absolute and relative reactivity of 
t-B& towards hydrogen abstraction from cyclohcxane and addition to styrene (Table 1). 

Table 1. Reactions of cyclohexane, styrene and a-methylstyrene under Cif conditions in the 
presence of Cl- 

Alkene Cyclohexane 1 2 3 4 5 6 Yieldsd 
(mmot) (mmd) (96) (96) (sb) (96) (96) (96) (%) 

5a 60.2 60.2 
Styrene (5) 63.6 - - - - - 63.6 

Styrene (2.5)a 5 25.0 - - - - 53.0 78.0 
Styrene (2.5)a 2.5 42.0 - - - - 32.0 74.0 

Styxene (5) 2.5 50.6 - - - - 21.6 72.2 
Styrene (5)b 58.4 - - - - - 58.4 

a-Methylstyrene (5)’ - 34.0 9.1 28.0 13.6 - 84.7 

a-Methylstpne (5)C - 68.0 1.6 4.6 2.1 - 76.3 
a-Metbylstyrene (5)* 2.5 - 5.5 7.2 20.8 10.3 29.8 73.6 

a) Burton conditions: 3 mmol pyridine. 0.3 mmol acetic acid. 0.5 mmol Fe(NO,),. 9 %O. 2 mmol LiCl cyctobexane 
and alkene. us reported in the Table, 1 mmol t-BuOOH. WC. 18h. 
b) 10 mL MeCN, 10 mL %O, 5 mmol styrene. 1 mmol t-B&OH, 2 mmol LiCI. 1 mmol FeSO,, 20°C, 15 min. 
c)usinu)at2ooc. 
d) based on t-B&OH 

This is a strong evidence that cyclohexyl radical is formed by hydrogen abstraction from cyclohexane by t- 
BuO- (eq.7) while 6 derives from chlorine transfer from Fe@)-Cl to cyclohexyl radical (eq. 8). 

c&2 + t -BuO 4 C@11- + tBuOH (7) 

When ethyl vinyl ether was made to react under Gif conditions in the presence of quinoline and in the 
absence of halide ions, compounds 7 and 8 were formed, but the pnvailing products were a (9) and y (10) 
acety4uinohes (Table 2). 
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These results are easily explained by a partial hydrolysis of the vinyl ether to acetaldehyde. so that t-BuO- 
can either add to the double bond of vinyl ether, leading to the formation of 7 and 8, or abstract a hydrogen atom 
from acctaldehydc, thus forming products 9 and 10. This is confirmed by the fact that at lower tcmpewure the 
amounts of 7 and 8 increase: be&es, by using aceta&hyde instead of vinyl ether under Gif conditions only 
products 9 and 10 are formed, while if vinyl ether is reacted with Fe(Il) salt under conditions in which it cannot 
be hydrolyzed, the greatly pzwailing products arc again 7 and 8. (Table 2). The ratios between 7 and 8 can be 
strongly affected by the reaction medium, as it has been previously shown for the a-tetrahydrofuranyl radicals. 

Table 2. Reactions of ethylvinylether and acetaldehyde under Gif conditions in the presence of 
quinoline. 

T (“C) 
60a 

Substrate 
ethyl vinyl ethm 

7 (mmol) 8 (mmol) 9 (mmol) 10 (mmol) Yields (%)C 
0.008 0.012 0.17 0.12 31.0 

2oa c&l vinyl ether 0.035 0.017 0.163 0.043 25.8 
2ob vinyl ether 0.062 0.355 - ethyl 49.7 
60a acetaldeh yde 0.370 0.287 65.7 

a) 1.5 mL pyridine. 1.5 mL quinoline, 0.3 mL AcOH, 1 mmol t-B&OH, 0.5 mmol Fe(NO,),. 9 H,O. 5 mmol vinyl 
ether or acetaldehyde. 18h. 
b) 10 mL MeCN. 10 mL QO, 1 mmol quinoline, 1 mmol CF3COOH, 5 mmol ethyl vinyl ether, 1 mm01 F&O,, 1 
mmol t-B&OH, 30 min; 0.04 mmol of quinoline 2.4-disubstituted by EtO-CH-CH2- OBu-t is also formed. 
c) based on t-BuOOH 

The formation of 7 and 8 represents a new simple type of radical functionalization of hettxoaromatic bases, 
in which once again the polar effect is dominant: the electrophilic t-BuO. radical selectively adds to the electron- 
rich alkene, thus forming a nucleophilic radical adduct, which selectively attacks the heterocyclic ring. 

As concerns the general features of the Gif chemistry, we think that thtce redox chains can be envisaged 
(Schemes 1,2 and 3; S = Substrate) 

Scheme 1 

+Fk(II9+ROOH - H++Fe@V)=O+RO* s, s 

s*+ww=O + products+- 
I 

Scheme 2 

r WJII) +ROOH - ROH + Fe(v)=0 & S-Feo=O 

s-l+o=G PlIJduCm+Fe(IIf) 

(11) 

02) 

(13) 

(14) 

Scheme 3 
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An overall qmlitative kinetic evaluation clearly indicates that when reaction 10 is fast, as in the &and 
transfer oxidation of dkyl radicals (eqs. 4 and 8). Scheme 1 must be by far prevailing because the possible, not 
yetwtlldefinad,rettctionslland13wouldbeinanycascmuchsiowerthanthefastnaction9,andth~is 
strong evidence that free radicals, initiating the chain of Scheme 1, lllc formed under Gif conditions. 

Inv&gations are in progress in order to better understand the possibiity of Scheme4 2 and 3 when 
reaction 10 cannot take place, as tractions 11 and 13 could arise fmm the same in&rmxliate 11 by homolysis or 
heterolysis of the O-0 bond (eq. 15). 

-c FdJV)=O+RO- 

Fe0+~-00~ e H++*OOR 
11 Fe(V)=O+RO- 

(15) 
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