
Carbohydrate Resew& 212 (1991) 273-276 
Elsevier Science Publishers B.V., Amsterdam 

273 

Note 

Enolate semiquinones formed during the alkaline oxidative 
degradation of 2-deoxy sugars 

Ivan Simkovic*, 
Institute of Chemistry, Slovak Academy of Sciences, 842 38 Bratislava (Czechoslovakia) 

Peter Pelikin, 
Institute of Physical Chemistry, Slovak Technical University, 812 37 Bratistava (Czechoslovakia) 

and Jan Placek 
Polymer Institute. Slovak Academy of Sciences, 842 36 Bratislava (Czechoslovakia) 

(Received July 23rd, 1990; accepted for publication, September 29th, 1990) 

Mixtures of semiquinone anion-radicals are formed from sugars with free 
hemiacetal groups or from a-hydroxycarbonyl compounds’,’ by heating aqueous alka- 
line solutions in the presence of oxygen. The supposed mechanism involves the forma- 
tion of a-hydroxycarbonyl intermediates by retro-aldol reactions and their subsequent 
aldol condensation to give phenolates. The conversion of phenolates into semiquinones 
and then into quinones is believed to be caused by the abstraction of electrons by 
oxygen. We now report on the formation of enolate semiquinones from 2-deoxy sugars. 

The sugars studied were 2-deoxy-D-arabino-hexose, 2-deoxy-D-ribo-hexose, 2- 
deoxy-D-erythro-pentose, and 3-deoxy-D-r&o-hexose3. Under the standard condi- 
tionsiS2 (see Experimental), the 2-deoxyhexoses gave e.s.r. spectra (Fig. 1) that consisted 
of one component characterised by the hypertine splitting of five non-equivalent 
protons: a, 0.195, a, 0.157, a3 0.027, a, 0.014, a, 0.008 mT, and g 2.0043. This result was 
confirmed by the spectral simulation. The splitting constants were evaluated by the 
autocorrelation method4 and by proton-coupling-constant extraction (PCCE)s*6, and 
then used for the spectral simulation. The result of the simulation was good, but a small 
degree of asymmetry in the experimental spectrum was caused probably by motional 
restriction. The proposed structure of the enolate semiquinone was confirmed by 
quantum chemical calculations in order to obtain the theoretical values of the splitting 
constants. The calculation was performed by the semiempirical AMl’ method, which 
involves the NDDO Hamiltonian” and the AMPAC program7. A suitable parameter- 
isation of this method was obtained by an appropriate consideration of the hydrogen- 
bond effect. The calculations involved the UHF approximation’. 

All of the possible configurations of the proposed enolate semiquinone, which 
contained three hydrogen atoms on the aromatic ring and two on the enoiate group, 
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Fig. 1. The experimental (upper trace) and simulated e.s.r. (lower trace) spectra of radicals formed from a 
0.5~ solution of 2-deoxy-D-arabino-hexose in 6~ NaOH kept for 5 min at 100”. 

were studied. Because these structures are dianion-radicals in aqueous alkaline solu- 
tions, the influence of the sodium counter-ions was also taken into account. The 
semiquinones with oxygen atoms in the me&-position were not considered because the 
counter-ion could not be incorporated into these structures. The AMPAC package 
takes into account the counter-ion “sparkles” with an integral number of charges (i.e., 
+ 1). The counter-ions do not contribute to the wave function of the system, but they 
exert polarising effects that influence the wave function and the physical characteristics 
of the system. For each of the model systems studied, the influence of two “sparkles” 
was taken into account, one on the aromatic ring and the other on the enolate ion, both 
within a distance of 0.2 nm. 

The criterion for the optimum conformation was the upper enthalpy of the 
system. From the 24 systems studied, three were chosen as the most suitable and they are 
shown in Fig. 2 in the form of slightly occupied molecular orbitals (SOMO). It is clear 
that these orbitals are z-symmetric. The measured values of the splitting constants of the 
hydrogen atoms reflect considerable spin-spin interaction. The experimental splitting 
constants were correlated with the calculated spin densities (&“‘) and their mutual 
proportionality was utilised. Thus, a;” = QJ,“““, where piHF is the spin density on the 
appropriate hydrogen atom and Q is the proportionality constant obtained by the least 
squares method for the available set of piHF values. The correlation coefficient was 
0.999311 and the R factor was 0.0266 [R = 2Y(aFp- a~'c)2/~(~p)2; the value of Q 
obtained was 240.6 + 1.711. The results of the calculations are summarised in Table I. 

On the basis of quantum chemical calculations (energy criterion; Table I), the 
most probable structure appears to be 1. However, because of the limited accuracy of 
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Fig. 2. The SOMO drawings of the structures 1-3 with n-symmetry. 

the semiempirical AM1 method, structures 2 and 3 could not be eliminated. This 
conclusion is supported also by the good agreement between experimental and calculat- 
ed splitting constants for all three structures. The importance of counter-ions must be 
emphasised, because they not only increase the stability of dianion-radicals but also 
cause dramatic changes in the distribution of their spins. 

All three structures proposed indicate that the enolate structure can be stabilised 
and incorporated into a semiquinone structure when there is no hydroxyl group in the 
position E to the anomeric carbon. This conclusion was confirmed by the fact that 
3-deoxy-D-ribo-hexose gave semiquinones without the involvement of stabilisation. 
These structures were identical with those obtained from D-glucose and common sugars 
with a free hemiacetal group, and which have been characterised’*2. 
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TABLE I 

Calculated characteristics of the dianion-radicals l-3 

Structure a9 (m 3”) a$“- (m Tj dH Ionisation potential 
(kJimo0 (eVl 

1 0.014 0.016 - 856.94 6.31 
0.008 0.010 
0.157 0.152 
0.027 0.029 
0.195 0.200 

2 0.014 0.016 -786.14 6.34 
0.008 0.010 
0.157 0.159 
0.027 0.034 
0.195 0.199 

3 0.014 0.016 - 786.48 6.31 
0.008 0.010 
0.157 0.165 
0.027 0.03 1 
0.195 0.202 

EXPERIMENTAL 

General methods. - The e.s.r. spectrum was obtained with a Bruker ER-200D- 
SRC spectrometer equipped with the data system ER140 based on an ASPEC comput- 
er. 

Formation of radicals. - Solutions (M) of substrate in 6~ sodium hydroxide were 
prepared in the presence of air and immediately poured into the cell, which was kept at 
100”. After cooling the solution to room temperature, the e.s.r. signals were measured. 

REFERENCES 

1 LSimkovic, J. Tine, J. Pla&ek, and Z. Maiiasek, Carbohydr. Res., 116 (1983) 263-269. 
2 I. Simkovic, J. Tine, J. Pla&k, and Z. Ma&&k, Carbohydr. Res., 142 (1985) 127-131. 
3 S. Ku&r, J. Zamocky, and S. Bauer, Collect. Czech. Chem. Commun., 40 (1975) 457461. 
4 K. D. Bieber and T. E. Gough, J. Mugn. Reson., 21 (1976) 28>293. 
5 A. G. Metten, D. R. Duling, and J. Schreiber, J. Maqn. Reson.. 71 (1987) 3W. 
6 0. DraEka, J. Map. Reson., 65 (1985) 187-205. 
7 M. J. S. Dewar, E. G. Zoebisch, E. F. Healy, and J. J. P. Stewart, J. Am. Chem. Sot., 107 (1985) 3902-3909. 
8 J. A. Pople, D. P. Santry, and D. A. Segal, J. Chem. Phys., 43 (1965) S129S135. 
9 P. 0. Liiwdin, Phys. Rev., 97 (1955) 14741489. 


