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One of the major branches of nitrone chemistry is that 
of trapping radicals to produce long-lived spin adducts 
whose ESR spectra can be obtained and analyzed.2 Ni- 
trones most frequently used for this purpose include a- 
phenyl-N-tert-butylnitrone (PBN) (1) and 5,5-dimethyl- 
1-pyrroline N-oxide (DMPO) (2). Recently, much atten- 
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tion has been given to spin trapping in biological systems,3 
in specific areas of biphasic media: in electrochemical 

and photochemical  reaction^.^ 
This paper describes our results on acyclic a-alkoxy- 

nitrones 3, which represent a new class of spin traps. The 

3a: X = H  

b: X = O M e  

C :  X=NO, 

nitrones were prepared by alkylation of hydroxamic acids 
with methyl trifluoromethanesulfonate followed by de- 
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protonation with silica gel/MeOH as previously described.' 
Spin adducts of nitrones with H' have been observed 

when solutions containing ( n - B ~ ) ~ s n H  are irradiated.lb In 
this manner, a benzene solution of 3a, irradiated in the 
presence of ( n - B ~ ) ~ s n H ,  exhibited an ESR spectrum 
consisting of the triplet of doublets expected for the H' 
spin adduct (aN * 13.76 G, u& = 1.98 G). This spin adduct, 
shown in Scheme I, confirms the structure postulated for 
the addition of MeO' to PBN,6 since irradiation of a 
benzene solution of 1 containing MeOH and Pb(OAcI4 gave 
essentially the same spectrum with UN = 13.73 G and a& 
= 1.93 G. Errors in hyperfine splitting constants are 
considered to be f0.05 G. Similarly, a-ethoxy-a-phenyl- 
N-tert-butylnitrone trapped H' (a& = 13.79 G, UH = 1.86 
G) corresponding to the spin adduct postulated for the 
trapping of the ethoxy radical by PBN (uN = 13.75 G, u& 
= 1.91 G).6 

Carbon-centered radicals are also trapped by 3a. The 
methyl spin adduct (aN = 13.85 G) was obtained by irra- 
diation of a benzene solution of 3a containing tetra- 
methyltin.lb This structure was confirmed by observing 
the same spectrum upon irradiation of a solution con- 
taining a-methoxy-a-methyl-N-tert-butylnitrone and 
phenylazotriphenylmethane or phenylmercuric chloridelb 
( a N  = 13.87 G). Similarly, n-Bu' from n-Bu4Sn or n- 
Bu4PbIb was trapped by 3a (aN = 13.73 G) as was phenyl 
radical from PhPb(OAc),lb (uN = 13.75 G). Only triplets 
expected for adducts such as 4 were obtained except for 
the case of n-Bu4Sn, which produced a second weak triplet 
(uN = 8.13 G). 

M e 0  

3a n-Bu4Pb benzene h u  Ph\NP 

n-Bu 't-B" 
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Solutions of nitrones with no added radical source did 
not produce ESR signals upon irradiation except for a- 

(6) Bluhm, A. L.; Weinstein, J. J. Org. Chem. 19.72, 37, 1748-1753. 
(7) Warshaw, J. A.; Gallis, D. E.; Acken, B. J.; Gonzalez, 0. J.; Crist, 

D. R. J.  Org. Chem., accompanying article in this issue. 
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Figure 1. ESR spectra of n-Bu' spin adducts. (A) With alk- 
oxynitrone 2. (B) With PBN. (C) With both 2 and PBN present 
under kinetic run conditions. (D) Simulated spectrum of (C). 

methyl-a-methoxy-N-tert-butylnitrone, which showed a 
weak triplet (uN = 13.85 G). However, the signal did not 
increase upon continued irradiation. 

Trapping of heteroatom-centered radicals by 2 was not 
as successful. Attempts to trap the succinimidyl radical,8 
phenyithiyl radical! and methoxp radical did not produce 
solutions having ESR signals. 

Para-substituted derivatives of 3 also acted as spin traps. 
a-Methoxy-a-(p-nitropheny1)-N-tert-butylnitrone (3c) 
trapped n-butyI radicals from (n-Bu),Pb, giving only the 
expected triplet (uN = 13.70 G), as did a-methoxy-a-(p- 
methoxypheny1)-N-tert-butylnitrone (3b) (aN = 13.43 G). 

For determination of the trapping efficiency of alkoxy- 
nitrones relative to PBN, the rates of formation of spin 
adducts 4 and 5 were measured in a competition9 for n-Bu'. 

4 3 

5 

The central multiplet of the overlapping spectra of 4 and 
5 (see Figure 1) was scanned at 60-s intervals, and com- 
puter simulationlo was used to determine relative peak 
areas. 

Curves of the relative areas of spin adducts vs time were 
linear in initial stages of reaction (see Figure 21, which 
permitted determination of initial rates d[4Io/dt and d- 
[5Io/dt of trapping n-Bu'. Following established proce- 
d u r e ~ , ~  substitution of these values and initial nitrone 
concentrations into eq 1 gave the relative rate ratio for the 

d[llo/dt k2[3alo 
(1) 

d[510/dt k1[lI0 
=- 

300v 120 Time,  360 , sec , , 600 , 

Figure 2. Rate of formation of n-Bu' spin adducts 4 (0) and 5 
(H) for a solution 1.4 mM in 3a and 3.6 mM in 1. Areas calculated 
from simulated curves of the center band region. 

Table I. Substituent Effect on the Relative Rates" of 
Trapping n -Bu' Relative to PBN ( 1 )  

nitrone k , l k ,  W3C) cY-carbonb 
3c 4.8 f 1.4 151.93 
3a 5.0 f 1.0 152.00 
3b 9.6 ji 2.3 152.74 
1 (1.01 129.53 

"Rate data taken at 25.0 O C  in benzene. CDC13, downfield 
from Me&. Data from ref 7. 

trapping reaction. From these data, it was found that the 
rate constant for trapping n-Bu' by 3a is 5.0 f 1.0 times 
faster than that of PBN. 

A competition study was also carried out with para- 
substituted derivatives of 3 to gain information on the 
electronic effect on spin-trapping efficiency of a-alkoxy- 
nitrones. As indicated by the data in Table I, a p-nitro 
group has very little effect, while a p-methoxy group 
doubles the spin-trapping efficiency. 

It is interesting to note that an increase in spin-trapping 
efficiency goes along with a downfield shift in the a-carbon 
13C chemical shift, also shown in Table I. Since 13C NMR 
is a sensitive probe of local electron density, it would ap- 
pear that the most reactive a-alkoxynitrone has the most 
electrophilic a-carbon. This trend is in keeping with that 
of the addition of a-hydroxyalky1,'l primary alkyl,12 and 
ter t -but~xy'~ radicals to PBN in which electron-with- 
drawing groups on PBN enhanced the rate, but unlike the 
case for the more electrophilic benzoyloxy radicals in which 
electron-withdrawing groups retarded addition.14 

The a-carbon 13C chemical shifts of the a-alkoxynitrones 
are approximately 23 ppm downfield from that of PBN. 
Thus it is not surprising that a-alkoxynitrones 3 are more 
efficient at trapping nucleophilic alkyl radicals than PBN. 

The present results indicate that acyclic a-alkoxy- 
nitrones are efficient spin traps and may serve as useful 

(8) Konaka, R.; Shigem, T.; Mizuta, T.; Sakata, S. Can. J. C k m .  1982, 
60, 1532-1541. 
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8206-8206. (b) Haire, D. L.; Janzen, E. G. Can. J. Chem. 1982, 60, 
1514-1522. 
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precursors to alkoxy radical spin adducts for structure 
confirmation. 

Experimental Section 
Instrumentation. ESR spectra were recorded on a Varian 

E-4 spectrometer equipped with a Varian temperature control 
unit. Spectra were calibrated by using the stable nitroxide 3- 
carbamoyl-2,2,5,5-tetramethyl-3-pyrrolin-l-yloxy (Aldrich). 'H 
and 13C NMR spectra were recorded a t  30 and 75.47 MHz, re- 
spectively. 

Spin-Trapping Procedure. Solutions of the nitrones were 
generated from the hydrotriflate salts by TLC on silica gel plates 
(Merck) using 91 CH2C12-MeOH solvent as previously described.' 
In  a typical experiment a millimolar benzene solution of the 
a-alkoxynitrone wm deoxygenated with argon for 20 min a t  which 
time a small amount of the radical source was added. The so- 
lutions were then irradiated in the cavity of the spectrometer by 
using a Spectroline low pressure mercury vapor lamp. 

Kinetic Procedure. The a-alkoxynitrone solution was gen- 
erated as above and its concentration determined by UV ab- 
sorbance. In this manner, a solution containing both traps a t  
millimolar concentrations was prepared and deoxygenated with 
argon. For kinetic runs, the temperature of the cavity was 
maintained a t  25.0 & 0.2 "C. Identical spectrometer settings, cells, 
and lamp position were used for each experiment. After computer 
simulation of each spectrum, the program of Oehler and Janzen'O 
gave the relative peak areas used in kinetic plots. The relative 
rate ratios reported are an average of five kinetic experiments 
for each nitrone. 

UV extinction coefficients of a-alkoxynitrones were measured 
in benzene: 3a, A, 321 (c 11OOO); 3b, A- 319 (e  17500); 3c, A,, 
393 (e 11 000). Concentrations of the a-alkoxynitrones for this 
purpose were determined by integration of NMR signals of the 
a-alkoxynitrone and an internal standard of known concentration. 
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Introduction 
Molecular mechanics calculations have proven to be very 

useful in molecular dynamics studies for organic com- 
pounds.' The pseudorotational equilibria in seven-mem- 

Universidad AutBnoma de Barcelona. 
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Figure 1. Schematic representation of the T / T C  and B /TB 
pseudorotational pathways as a function of the two internal di- 
hedral angles ~(2176) and ~(3456). Points represent saddle points 
while x represent energy minima. 

bered rings have already been studied by different force 
field methods. Cycloheptane itself, 1, was studied by 
Hendrickson? and the twist-chair (TC) conformation was 
found to be the most stable. These results were confirmed 
by Bocian3 and, more recently, by Osawa4 who used 
MM2',5 a modification of Allinger's force field.6 Bocian' 
also studied 1,3-dioxepane, 2, finding a TC conformation 
again as the most stable. Recently, Kamala@ has carried 
out a theoretical study on the conformational transitions 
for this compound, confirming Bocian's results. In con- 
trast, 1,4-dioxepane, 3, has not been conformationally 
studied, although related compounds 1,5-benzodioxepins, 
4, have been experimentally studied (NMR)g and show 
preference for chair (C) or twist-boat (TB) conformations, 
depending on the substituents on C-3. In this paper we 
described the MM2 results on the conformational analysis 
of 3. 

Results and Discussion 
The conformational analysis has been carried out in two 

well-defined steps: (i) calculation of the torsional energy 

(1) (a) Ermer, 0. Aspekte uo_n Kraftfeldrechnungen; Wolfgang Baur 
Verlag: Munchen, 1981. (b) Osawa, E.; Musso, H. Top. Stereochem. 
1982,13,117. (c) Burkert, U.; Ajlinger, N. L. Molecular Mechanics; ACS 
Monograph No. 177,1982. (d) Osawa, E.; Musso, H. Angew. Chem., Int. 
Ed. EngL 1983,22, 1. 
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