
1248 J .  CHEM. SOC., CHEM. COMMUN., 1989 

N-Alkyl and N-Aryl-carbamoyl Radicals: a New a-Type Radical 
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Appropriate N-alkyl formanilides, ortho substituted, allow the direct detection, by e.s.r. techniques, of the 
corresponding aryl carbamoyl o-radical. 

Hydrogen abstraction from alkyl or di-alkyl substituted 
amides can yield a carbamoyl radical showing the presence of 
both trans and cis conformers.1--3 However, no e.s.r. evidence 
for carbamoyl radicals, generated from N-aryl, N,N-di-aryl, 
or N,N-ary1,alkyl amides4 has been reported. Attempts to 

detect directly carbamoyl radicals from formanilides, N-aryl, 
and N-alkyl formanilides, failed because of the rapid decar- 
bonylation process (Scheme 1) leading to aminyl and/or 
nitroxyl radical species (Table 1). 

In N-substituted formanilides the ring is still nearly co- 
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Table 1 

g Amide Aminyl radical H.f.s/Gb 
- - (1) - 

(2) Ph-N-Ph a ~ ( 4 H )  1.50 2.0035 
a ~ ( 4 H )  3.60 
a ~ ( 2 H )  4.20 
a~ = 8.75 - (3) - 

(4) Ph-N-But a ~ ( m )  1.80 2.0031 
~ H ( o )  5.60 
uH@) 6.85 
aN 9.40 

g Nitroxyl radical H.f.s./G 
PhN(OBut)-O*a UH (m) 0.95 2.0055 

QH ( O , p )  3.0 
UN 14.63 

a ~ ( 6 H )  1.85 
Ph2N-0. UH(~H) 0.75 2.0056 

aN 9.65 
PhN(Me)-0. aH(m) 0.95 2.0056 

aH(o,p> 2.20 
UH(Me) 9.60 
UN 10.60 

aH(o#) l.80 
UN 12.65 

PhN(Bu')-O. aH(m) 0.90 2.0055 

a This radical is formed in a different way, it seems, depending on the ButOOH impurity, and the mechanism is now under study. 
b G = 10-4 T. 

Table 2 

Amide Carbamoyl radical H.f.s./G g 
(5')-trans UH (CH/Pri), 3.00 2.0019 

aH (1 Me/Pri), 1.08 
aN, 20.62 

(5 )  

(5')-cis aH(lHm), 1.42 2.0019 
uH(lMe/Ar), 1.14 
a N ,  20.62 

(6) (6')-transa uN,  22.50 2.0017 

a The radical structure is ButCH2N(C6H3Me2-2,6)-&0. 
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(1) X = Ph, Y = H 
( 2 ) X = Y = P h  
(3) X = Ph, Y = Me 

(4) X = Ph, Y = But 
(5 )  X = 2,6-Me2C&3, Y = Pri 
(6) X = 2,6-Me2C6H3, Y = CH2But 

Scheme 1 

planar with the amide plane;5 this can explain the high rate of 
decarbonylation, leading to more persistent radical species, 
i. e. aminyl and nitroxyl radicals,t than the corresponding 
carbamoyl radical. 

In N-alkyl, ortho-substituted formanilides, i. e. substituted 
on both the ring and the nitrogen, the ring is definitely 
perpendicular to the amide plane; this should favour the 
persistence of carbamoyl radicals. In fact, when N-isopropyl- 
2,6-dimethylformanilide (5)  and N-neopentyl-2,6-dimethyl- 
formanilide (6) were investigated the corresponding car- 
bamoyl radicals were detected (Table 2). With the former 
substrate, in agreement with the n.m.r. data of the parent 
molecule, the two possible radical conformers (Figure 1) were 
identified. 

t For these radicals there is a stabilizing effect due to the benzene 
ring. 

i 
Figure 1. (a) E.s.r. experimental and (b) computer-simulated spectra 
of radicals (S')-truns and (5')-cis, simultaneously obtained by 
hydrogen abstraction from (5) by means of ButO-, at room tempera- 
ture in benzene. 

Following the W-empirical rule the assignment of the 
experimental h.f.s. constants to both species (5') was possible, 
and the low g-factor unambiguously identifies these as 
a-radicals. 
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Me ‘ I  
1.14 ,CH, 

Me Me 

(5’) -trans (5’) - cis 

By computer simulation, within experimental error ( + 5 % ) ,  
the relative concentration of the two radicals was 7 5 : 2 5  
(trans : cis). 

For substrate (6) the e.s.r. spectrum shows one radical 
species: the carbamoyl o-radical (6’). Only one of the 
conformers is detectable (95%) and from the n.m.r. data for 

the parent molecule it can be attributed to the trans 
conformer. 

Received, 18th April 1989; Corn. 9l016.550 

References 
1 R. Sutcliffe and K. U. Ingold, J .  Am. Chem. SOC. ,  1981,103,7686. 
2 Von H. Hefter and H. Fischer, Ber. Bunsenges. Phys. Chem. , 1970, 

3 T. Yonezawa, I. Noda, and T. Kawamura, Bull. Chem. SOC. Jpn. ,  

4 R. Leardini, A. Tundo, and G. Zanardi, J .  Chem. S O C . ,  Perkin 

5 W. E. Stewart and T. H. Siddal, 111, Chem. Rev., 1970, 70, 517. 
6 L. Grossi and G. Placucci, J .  Chem. SOC. ,  Chem. Commun., 1985, 

7 D. Casarini, L. Grossi, and G. Placucci, J .  Chem. SOC. ,  Perkin 

74, 493. 

1969, 42, 650. 

Trans. I ,  1981, 3164. 

943. 

Trans. 2, 1986, 599, and references cited therein. --’ 




