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AlWract--Nitroxide radicals la--¢ react with terbutoxy radical to form terbutoxy substituted radicals 2, 3 and 4. 
The reaction mechanism is interpreted in terms of homolytic substitution. The terbutuxy substituted nitroxides can 
be easily oxidized to quinoncimine N-oxides 6, 7, II and 9. The interpretation of the evolution of radicals 2, 3 and 4 
in the reaction mixture is confirmed by experimental evidence. The reaction of nitroxide 1=--¢ with the methyl 
radical is also described. 

Indolinone nitroxide radicals (1,2 - dihydro - 2,2 - di- 
substituted - 3 - oxo - 3H_ - indol - I - oxyls) la--¢, which 
have the nitroxide function in the conjugated position 
with a 7 system of the molecule t show interesting reac- 
tivity, which differs from that of the classical nitroxides, 
e.g. 2,2,6, 6 - tetramethylpiperidine-l-oxyl and similar. 2 
In fact, radicals of the latter type have the nitroxide 
group between two trisubstitute sp 3 carbons. 

Nitroxides la-¢ react with nucleophiles (ArCO~ -3, Br-', 
MeOH 3) at the indole nucleus in the presence of oxi- 
dants, whereas with electrophilic readicals, such as 
aroyloxyi radicals, they undergo homolytic substitution: 
In the present paper the reactions of la-¢ with terbutoxy 
and methyl radicals are described. 

iIESULTS 

Nitroxide radicals ia--¢ were reacted with terbutoxy 
radical (originating from the decomposition of terbutyl- 
hydroperoxide with iron (II) 6) to form terbutoxy sub- 
stituted nitroxides 2a-¢, 3=-¢ and 4¢ (Scheme !). All 
reactions were carried out at room temperature in 
aqueous acetonitrile, for 10 rain, using the nitroxide and 
terbutuxy radical in a 1:3 ratio. Compounds 2=--¢, 3a--c 

and ,1¢ (the last isolated only for nitroxide lc) were 
separated by preparative TLC and identified by their 
ESR spectra (Table l) and by the NMR spectra of the 
corresponding amines $a-f (Table 2). In fact, nitroxides 2 
and 3 gave amines $ by iron acetic acid reduction 
(Scheme 2). Amine 5¢, in which the terbutoxy group was 
at C-5 of the indole nucleus, showed an NMR spectrum 
with a doublet at B 6.88 (J = 9.4 Hz) corresponding to the 
C-7 hydrogen. Amine 5d, the isomer corresponding to ~ ,  
in which the terbutoxy group was at C-7 of the indole 
nucleus, clearly showed a pseudo-quartet in the NMR 
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Table 1. Hfccs* (in gauss) of nitroxides 2a-¢, 3a-¢ and 4c in CHCI3 solution 

N H-4 H-6 H-5  H-7 R 
Nitroxide a a = a a a a 

2a 9.30 1.02(2H) - 2.88 

9.40 0.92(2H) 3.18 

9.72 0.93(2H) - 2.88 

3b 9.30 1.02(2H) 3.20 - 

2c 9.70 0.95(2H) 2.85 
rr 

3~ 9.30 0.95(2H) 3.15 - 

~z 9.57 0.82(2H) - 

0.12(3H) 

0.18(3H) 

0.30(1H) 

0.28(1H) 

*These values were confiPmed by computer simulation of the experimental 

spectra. 

spectrum, at B7.33 ( ]=8 .0Hz  and J=7.0Hz)  cor- 
responding to the C-5 hydrogen, which is typical of an 
ABC system. The amines 5=-4 gave nitroxides 2a-c and 
3a--c by oxidation with m-chloroperbenzoic acid (Scheme 
2). Monosubstituted nitroxides 2 and 3 were also 
identified on the basis of the hfccs of C-7 and C-5 
hydrogens, which were ca .  3.2 Gauss and ca .  2.9 Gauss 
respectively (Table 1). The reason for this difference has 
been discussed previously. 5 

The diterbutoxy substituted nitroxide 4c was identfied 
by its ESR spectrum, which showed three groups of three 
bands with relative intensity of 1:2:1, due to one 
nitrogen (a N = 9.57 Gauss) and two equivalent hydrogens 
(a" = 0.82 Gauss) (Table I). 

When the reactions of l=-c with terbutoxy radical 
were carried out using the reagents in a 1:6 ratio and a 
reaction time of 2 h, quinoeimine N-oxides 6, 7, II and 9 
were isolated. Compounds 6a-c, 7a-c, h - e  and h--c 

Table 2. Specuoscopic data of amines Sa-! 

_1C 
Amine a R R 1 R 2 m.p.°C b IR ( ~ ) cm NMR(~) in CDC13 

t 1620d_1695 e 5a Me Bu 0 H 

3425 f 

t 
5b Me H Bu 0 122 1607d-1695 e 

T-" f 
3310 

t 1620d_1695 e Et Bu 0 H - 

3425 f 

t 
5d Et H Bu 0 - 1610d-1700 e 

3430 f 

t 1620d_1680 e Ph Bu 0 H 188 

f 
3370 

t 1610d1670 e 5f Ph H Bu 0 191 

3235 f 

1.29(9H,s,But);1.71(3H,s,Me);4.96~H, 

broad,NH);6.84(1H,d,arom,J=9.SHz); 

7.1-7.6(7H,m,arom.). 

1.48(gH,s,But);1.75(3H,s,Me);5.05 

(1H,broad,NHl;6.76(1H,pseudo-q,arom, 

J=7.SHz);7.2(1H,d,arom,J=7.SHz);7.3- 

7.6(6H,m,arom.}. 
t 

0.84(3H,t,CH2CIt3);1.29(9H,s,Bu );2.14 

(2H,q,CEI2CH3);4.92(1H,broad,NH);6.28 

(1H,d,arom,J=9.4Hz);7.1-7.7(TH,m,arom.). 

0.85(3H,t,CH2~3);1.49(9H,s,But);~.16 

(2H,q,CH2CH3);5-O8(1H,broad,NH);7.33 

(1H,pseudo-q,arom,J=7.0Hz,J=8.0Hz); 

7.Z-7.6(7H,m,arom.). 

t 
1.30(9H,s,Bu );5.0(iH,broad,NH);6.84 

(iH,d,arom.,J=9.0Hz);7.13(iH,d,arom., 

J=2.0Hz);7.1-7.6(llH,m,arom.). 

1.45(9H,s,But);5.17(IH,broad,NH)16.76 

(iH,pseudo-q,arom.,J=8.0Hz);7.12(iH, 

d,arom.,J=l.6Hz);7.2-7.5(IH,m, arom.). 

a,Each compound gave the  expected  molecular ion peak in i t s  mass spectrum. Compounds 5~, 

5e and 5,f gave s a t i s f a c t o r y  e l e m e n t a l  microanalys is:  C,H and N + 0.3%. Compounds 5~a, 

and ~ w e r e  p u r i f i e d  by preparative TLC from benzene, b, from benzene petroleum ether;  

c, from nu~ol; d, Ph-NH-C- ; e,,C=~ 0 ; f, NH. 
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Table 3. Spectroscopic data of quinoneimine N-oxides 6.-¢, ?a-.e, ga---¢ and 9,--¢ 

a b - I  c 
Compound UV IR(-$)cm NMR(~) in CD3CO CD 3 

max(log ~) 

64 - 1615-1625 
w 

1740 

~. - 1620-1632 

1748 

217(4.27);273(4.12) 1620-1633 

353(4.22);4.70(3.31) 1733 

7~ - 1600-1622 

1746 

7b - 1600-1620 

1742 

217 (4 .31 ) ;265 (4 .08 )  

3 . 6 8 ( 4 . 2 3 )  

218 (4 .35 ) ; 3 . 40 (3 .90 )  

4 4 5 ( 3 . 6 4 )  

1604-1632 

1750 

1607-1620 

1757 

- 1605-1618 

1752 

9c 219(4,40); 1607-1620 

3.88(4.24) 1750 

1.54(gH,s,But);l.96(3H,s.Me);6.4(IH,d,arom., 

J=1.5Hz);6.78(1H,d,arom.,J=1.5Hz);7.35(5H,s, 

arom.). 

7 - -  t 0.8 (3H,t,CH2CH3);1.56(9H,s,Bu);2.52(2H,q, 
C~2CN3);6.39{1H,d,arom.,J=2.0Hz);6.74(1H,d, 
arom.,J=2.0Hz);7.38(SH,s,arom.). 

1.54(9H,s,But);6.41(1H,d,arom.,J=2.0Hz);6.81 
(1H,d,arom.,J=2.0Hz);7.2-7.5(lOH,m,arom.). 
1.59(9H,s,But);l.98{3H,s,Me);6.32(lg,d, arom., 
J=l.5Hz);6.74(1H,d,arom.,J=l.5Hz);7.4(5H,s, 
atom.). 

);l.58(9H,s,Bu );2.52(2H,q, 0.89(3H,t,CHC2~_H3 t 

CH2CH3);6.33(1H,d,arom.,J=l.SHz);6.71(1H,d, 
arom.,J=l.SHz);7.40(5H,s,arom.). 

t 
1.60(9H,s,Bu );6.34(lH,d,arom.,J=l.SHz);6.75 

(iH,d,arom.,J=l.SHz):7.2-7.5(lOH,m,arom.). 

2.04(3H,s,Me);6.7(IIl,d,acom.,J=1.2Hz);6.85 

(IH,pseudo-q,arom.,J=9.8Hz,J=1.2Hz);7.45(5H, 

s,arom.);?.90(lH,d,arom.,J=9.8Hz). 

0.S7(3H,t,CH2CH3);2.62(2H,m,CH2CH3);6.70(IH, 

d,arom.,J=l.7Hz);6.85(IH,pseudo-q,arom.,J= 

~OHz,J=l.7Hz);7.a4(5H,s,arom.);7.94(iH,d, 

arom..J=lOHz). 

6.77(IH,d,arom.,J=].7Hz);6.87(IH,pseudo-q, 

arom.,J=9.9Hz,J=l.7Hz);7.3-7.6(lOH,m,arom.); 

7o94([H,d,arom.,J=9.9Hz). 

a,Each compound gave a s a t i s f a c t o r y  e l e m e n t a l  m J c r o a n a l y s i s ; C , H , a n d  N + 0 .23%. IR and 

5b 
NM~ s p e c t r a  o f  8a -c  have been p r e v i o u s l y  d e s c r i b e d  ; b ,  i n  95% £tOH; c ,  i n  n u j o l .  
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were identified by their analytical and spectroscopic data 
(Table 3). The UV spectrum of 8c compared with that of 
9c, showed absorption at a higher wavelength (Table 3). 
This result is in agreement with the larger system exis- 
ting between the carbonyl and the N-oxide groups. On 
the other hand, the NMR spectra of compounds 8a-c 5 
and 9a-c clearly showed an ABC and an ABX system, 
respectively (Table 3). The structures of compounds 6a--c 
and 7a-c, for which the NMR spectra were less 
significant, were determined by thier UV spectra. In fact, 
compound 6c showed an absorption maximum at a higher 
wavelength than compound 7c, in agreement with that 
stated before for compounds 8c and 9c. 

DISCUSSION AND CONCLUSIONS 
Much work has been done in the last decade on the 

reactivity of terbutoxy radical in the H-atom abstrac- 
tion; 7 less has been done on the addition s." and sub- 
stitution '° reactions of this radical. 

Despite its high rate of decomposition, the terbutoxy 
radical" might be trapped unchanged by nitroxides la-c. 
The formation of compounds 2, 3 and 4 was interpreted 
as a homolytic substitution and the attack mechanism of 
the terbutoxy radical on nitroxides la-c could be the 
same as that proposed for the disproportionation reac- 
tion of aryl-alkyl nitorxides n and the one previously 
discussed for nitroxides la--c with aroyloxyl radicals. 5 

The fragmentation of terbutoxy radical 6 did not effect 
the reaction products. In fact, the methyl radical 
(generated in benzene by the decomposition of diacyl- 
peroxide at 60 °) in the presence of nitroxides la-c quan- 
titatively yielded the corresponding O-methyl hydroxy- 
lamines 10a-¢ (Scheme 4, Table 5). Compounds 6, 7, $ 
and 9 formed from nitroxides 2, 3 and 4. Reacting these 
nitroxides under the same conditions followed for 
nitroxides Is-c, compounds 6, 7, 8 and 9 were isolated. 

(MeCO0)  2 
A 

=' 2 M e "  + 2 C 0  z 

l a - - ¢  + Me" ,- 

0 

I 
OMe 

o :  R = M e ; b : R = E t ; C : R = P h  I O e - - ¢  

Scheme 4. 

After it was verified that the terbutylhydroperoxide was 
not able to oxidize nitroxides 2, 3 and 4, a successful 
oxidation was achieved w!th iron (III) in aqueous 
acetonitrile at room temperature. (The iron (III) is formed 
during the decomposition of terbutylhydroperoxide with 
iron (II) in the main reaction). 6 Quinoneimine N-oxides 
9c and & were quantitatively obtained from 2c and 3¢, 
respectively (eqns 1 and 2); whereas compounds 6c and 
7c were isolated by oxidizing 4c under the same con- 
ditions (eqn 3). 

2c + Fe '+-~9c + Fe 2+ (I) 

3c + Fe'+-*Sc + Fe 2+ (2) 

4¢ + Fe3+~6c + /c+  Fe 2* . (3) 

Summarizing, the reaction of nitroxides la-c with ter. 
butoxy radical can be considered to he an easy method 
for preparing terbutoxy substituted indoxyis 5a-f and 
quinoneimine N-oxides 6a--c and 7a-c. 

Table 4. Percent yklds of quinoneimine N-oxides 6a.-c, ?a-c, ~ and 9=--c 

Nitroxlde Products (% yields) 

.~ ~ (5) ,-~7a (8) ~ (20) ~ (56) 

Ib 6~b(lO) 7b (16) 8b (25) ~ (45) 

Table 5. Physical and spectroscopic data of compounds ih--c 

a 

Compound m.p.=C b NMR(~) i n  CDCI 
3 

lO___aa 81 1.78(3H,s,Me); 3.82(3H,s,NOMe); 

6.8-8.0(9H,m,arom.). 

lOb oi l  1.8(3H,t,CH2CII3)12.48(2H,m,CH2CH3); 

3.85(3H,s,NOMe);6.8-7.9(9H,m,arom.). 

10c I00 3.87(3H,s,NOMe);7.0-7.g(14H,m,arom.). 

a, Compounds lOa and lOc gave satisfactory microanalyses: C,H, and 

N ~ 0.26%. Each compound gave the expected molecular ion peak in 

its mass spectrum; b, from n-heptame. 
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g X ~ N T A L  

M.ps were uncorrected. The IR spectra were recorded using a 
pc~kin-Elmer 257 spectropbotometer. The ESR spectra were 
recorded in CHCI3 solution on a Varian FA spectrometer. The ~H 
NMR spectra were recorded on a Varian XL 100 spectrometer. 
The UV spectra were recorded on a Perkin--Elmcr 204 spec- 
trophotometer. The mass spectra were recorded on a Varian 112 
S apparatus. Nitroxides la-c u and diacetylperoxide ~4.15 were 
prepared as described in the literature. 

Reactions of nitwxides la-c with terbutoxy radical. 6 Mmoles 
of FeSO4" 7H20 in 40 ml of H20 were added to a solution of 
2 mmoles of is--c and 6 mmoles of terbutyihydroperoxide in 
100.ml of MeCN at room temperature and with stirring. After 
10 min the reaction mixture was poured into 100 ml of water and 
extracted with benzene (100 ml). The benzene layer, washed with 
H20 (3 × 50 ml), was dried on NazSO4 and chromatographed on a 
SiO2 column from benzene. The monosubstituted nitroxides 2a--c 
and 3s--c were separated together in 50-70% yields and in a 3:1 
ratio, respectively. In the case of It, the diterbutoxy substituted 
~c was also isolated in 8% yield. The mixture of 2 and 3 was 
resolved by chromatography on SiO2 preparative tic from 
petroleum etherlethylacetate 9: I. 

Amines $a-f from nitroxides 2a--¢ and 3a.-c. The nitroxide 2 
and 3 mixture (500 mg) and iron powder (1 g) were refluxed for 
5 min in 15 ml of acetic acid. After cooling, the reaction mixture 
was filtered and the filtrate was evaporated to dryness. The 
residue was taken up with benzene (50ml) and 10% aqueous 
NaHCO3 (50 ml). The residue from the benzene layer, evaporated 
to dryness, was chromatographed on SiO2 preparative tic, eluting 
with petroleum etber/ethylacetate 9: I. The yellow C-5 and C-7 
monoterbutoxy substituted amines were isolated in yields greater 
than 75%, and in a 3:1 ratio. The spectroscopic data of amines 

are reported in Table 2. 
Nitwxides 2a--c and 3a-¢/rom amines .f~-f. Amine $ (10 mg in 

I ml of CNCI3) and the equimolar quantties of m-chloroperhen- 
zoic acid were each placed in one of the two legs of the inverted 
U cell, similar to that described by Russel) b and degassed with 
nitrogen. The mixed solution was transferred to the ESR cavity. 
The recorded signal was the same as the precursor nitroxide 2 or 
3. 

Quinoneimine N-oxides ~--c, 7a-c, &t-c and 9a--¢ from nitrox- 
/des Is--¢. 12 Mmoles of Fe2SO4-7HzO in 40 ml of HzO were 
added to a solution of 2 mmoles of nitroxide I and 12 mmoles of 
terbutylhydroperoxide in 100 ml of MeCN at room temperature 
and with stirring. After 2 h the reaction mixture was worked up 
as described above. Two fractions were isolated by chromato- 
graphy on a SiO2 column from benzene/acetone 9:1. The first, 
yellow fraction was a mixture of compounds 7 and 9 and the 
second, red fraction was a mixture of 4; and $. Compounds 7 and 
9 were separated on SiO2 preparative tic from petroleum 
etherlethylacetate 7.5:2.5. The mixture of 6 and ! was resolved 
by SiO2 preparative tic from benzene/acetone 9.5:0.5. Spec- 
troscopic data of compounds ¢la-c, 7s-c, h - c  and ~a.-c are 
reported in Table 3; the yields are reported in Table 4. 

Quinoneimine N-oxides ~-¢, 7a--¢, ga--¢ and 9a--¢/rom mono- 
terbutoxy substituted nitroxides 2a--¢ or 3a-¢. By reacting 

I mmoie of 2 or 3 in 50 ml of MeCN and 3 mmoles of terbutyl- 
hydroperoxide with 3 mmoles of FeSO~. 7HzO in 20 ml of HzO 
as described above for 2 h, compounds ~, 7, fi and 9 were formed 
whether starting from nitroxide 2 or from nitroxide 3. 

Oxidation o/ nitroxide 2c, 3¢ and 4¢ with iron (II1). FeCI3 
(I00 mg in 3 ml of H20) was added to a solution of 2¢ (50 mg in 
10 ml of MeCN) at room temperature and with stirring. After I h 
the reaction mixture was poured into 30 ml of H20 and extracted 
with benzene (20 ml). The benzene layer was separated and dried 
on NazSO4 and then chromatographed on SiOz preparative. The 
quinoneimine N-oxide ~c was isolated quantitatively. 

Nitroxide 3c, reacted as described above, gave quantitatively 
quinoneimine N-oxide &. 

The diterbutoxy substituted nitroxlde ~ with FeCI3 gave 
quinoneimine N-oxides ~ and 7e in 65% and 25% yields, res- 
pectively. Compounds 6¢ and 7e were separated on SiO2 pre- 
parative tic from benzene/acetone 9.5:0.5. 

Reactions of nitroxides la--¢ with diacetyiperoxid~ Nitroxlde 
Is (lmmole in 30ml of benzene) and diacetylperoxide 
(4 mmoles) were heated at 60 ° for 8 h. Then the reaction mixture 
was washed with 10~ FeSO4.7HzO (2×20ml) and then with 
H20 (2×20ml). The benzene layer, dried on Na2SO4, was 
chromatngraphed on a SiO2 column from petroleum ether/ethyl- 
acetate 9:1. Compound los was isolated in 75% yield. 

From nitroxides lb and lc compounds 10b and l ie were 
isolated in 70~ and 72% yields. Spectroscopic data of com- 
pounds lea--c are summarized in Table 5. 
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