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NOVEL E-Z EQUILIBRIUM OF N-ALKYL-•‡-ALKOXYCARBONYLNITRONE IN SOLUTION 
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Four N-alkyl-•‡-alkoxycarbonylnitrones were prepared and their 

NMR spectra in C6D6, CDCl3, or CD3SOCD3 were measured. From the 

analyses of the spectra, it was found that the nitrones exhibited 

a facile equilibrium in all solvents used and E/Z ratio in equilibrium 

depended largely on the polarity of the solvent.

Recently, N-benzyl-•‡-ethoxycarbonylnitrone (1) has been shown to be an effective 

synthon in the syntheses of ƒÁ-hydroxy amino acids.1) Thus, when the nitrone 1 was

treated in benzene with methyl acrylate, two 1, 3-dipolar adducts, 2 and 3, were 

obtained in 83% yield in the ratio of 4:1. The major adduct 2 could be successfully 

converted into threo-ƒÁ-hydroxyglutamic aicd. Although 1 was obtained in a crystalline 

form, the NMR spectrum of 1 in CDCl3 showed the presence of both E- and Z-isomers 

in the ratio of 2:1. 

During the further investigation of synthesizing another ƒÁ-hydroxy amino acids, 

we were faced with a curious phenomenon: the E/Z ratio observed in CDCl3 was not 

necessarily reflected on the ratio of two isomeric products which were obtained by

the dipolar addition reaction in benzene.2) 

The present paper deals with the facts that N-alkyl-•‡-alkoxycarbonylnitrones 

exhibit novel solvent dependent E-Z equilibrium in solution. 

The N-alkyl-•‡-alkoxycarbonylnitrones 4•`6 were prepared by a similar procedure 

as previously described.1) A given quantity of each nitrones was dissolved in C6D6, 

CDCl3, or CD3SOCD3 and the solutions were allowed to stand at room temperature. 

After 12 hours, NMR spectra of the solutions were measured. The results, with their 

properties, and the assignment to E- and Z-structures are summarized on Table 1. 

In the cases of 1, 4, and 6 in CDCl3, the benzylic protons are clealy recognized 

at 4.96, 4.98, and 4.83ppm in Z type, while at 5.69, 5.70, and 6.86ppm in E type, 

respectively. The assignment of the signal in higher field to the Z-isomer is based
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Table 2. E/Z Ratioa)in solution at 21•Ž.

a) The ratio unchanged with differences 

in concentration. 

b) Equilibrium was not attained. Values 

at equilibrium (2 days) are shown in 

parentheses.

Table 3. Variation of E/Z ratio vs. time at 23•Ž.

on the neighbouring deshielding effect of the ester group. This is also coincident

with the tendency that the signal due to an anti-proton (=CH of Z-isomer) is always 

higher than that of a syn-proton (E-isomer) as exemplified in the cases of S-oxides 

or oxime.3) The E/Z ratio was calculated from the peak areas of these signals. On 

the other hand, only the signal due to the benzylic proton of the Z-isomer is 

observed at 6.28ppm in the NMR spectrum of 5 in CDCl3. The corresponding signal due 

to the E-isomer is overlapped with those of the aromatic protons. In these cases the 

E/Z ratio was calculated from the equation, E/Z=(ACH3- 3•~ACH)/3•~ACH, where 

ACH3 and ACH are peak areas of the ester methyl and of the benzylic proton of Z-isomer,

respectively. 

As clearly shown on Table 2, the E/Z ratio varies drastically with the solvent: 

in nonpolar solvent, E-isomer predominates, while in polar one Z-isomer does. 

These results open the question whether N-alkyl-•‡-alkoxycarbonylnitrones exist 

as a mixture of E- and Z-isomers also in crystalline state. To clarify this point,

time-variation of the NMR spectrum of 4, 5, or 6 in CDCl3 was measured. As shown on 

Table 3, the E/Z ratio of 4 varied with time: the Z-isomer was predominant just after 

the crystals dissolved but the E-isomer gradually increased with elapse of time and, 

after 30min, it reached to the equilibrium point. The similar phenomenon was also 

observed in 6, but the rate of isomerization was much slower than that of 4. 

A convenient explanation of these phenomena will be as follows. From the 

equilibrium mixture of E- and Z-isomers in a given solution, Z-isomer separates 

exclusively as a crystal and, thus crystalline nitrones 4 and 6 are not a mixture 

of both isomers but are composed of the Z-isomer only. When the crystal dissolved
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in solvent, Z-isomer isomerizes to E-isomer until the equilibrium attains. The 

equilibrium point differs largely with the solvent used. 

On the other hand, the nitrone 5 exhibited a facile isomerization and, only 

after few min, the equilibration attained in all three solvents. IR spectrum of 5 

in KBr disk shows two absorption in the carbonyl region in contrast to those of 

other nitrones 1, 4, and 6 (Table 1), and this may speculate that the crystals of 5 

are composed of a mixture of E- and Z-isomers. However, different crystals obtained 

from benzene, ether, or benzene/hexane solution showed identical IR spectra contrary 

to an expectation that crystals of different E/Z ratio should give different IR 

spectra. Thus, we could not defined the nature of 5 in a crystalline state. 

Generally, aldonitrones are assigned as existing in the stable Z-isomer4) and 

only one report referred the geometrical isomerization. When 2-t-butyl-3-phenyl-

oxazirane was treated with boron trifluoride in benzene, (E)-N-t-butyl-•‡-phenyl-

nitrone initially formed isomerized completely to the Z-isomer within 24h.5)In the

case of nitronic ester, both E- and Z-isomers were recognized as existing both in 

crystalline state and in solution, but neither isomerization nor equilibration in 

solution were observed.6) In order to compare with the present results, N-methyl-•‡-

phenylnitrone (7) was prepared according to the known procedure7) and its NMR spectra 

were measured in three solvents (Table 1). That none of E-isomer was recognized in

every case is coincident with the generally accepted explanation.4) 

The present results are the first evidences8)on existence of facile E-Z 

equilibration of nitrones in solution. The presence of the conjugated ester group 

seems to be essential in such isomerization and the difference in rate [phenyl (5)>

hydrogen (4)> ethyl (6)] will arise from the electronic nature of the substituent at 

the benzylic position. 
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