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The absence of absorption for aldehyde groups in the UV and IR spectra of 
"dialdehyde polysaccharides" is generally thought as being due to the formation of 
hemiacetal and hydrated functionalities in water solutions [1]. It was established in our 
previous reports [2-4] that this is valid only for a narrow pH range (4-5.2), and that 
formation of the enol and enolate anion is in fact a main feature, at least at higher pH. 

The present work deals with 1H, 13C NMR and electrophoretic light scattering (ELS) 
measurements of oxidized dextrans (ODs) performed at various pH, which supports our 
early results [4]. 

1. Experimental 

Dextrans with molecular weights of 20,000 (Fluka AG), 40,000, 60,000 (Reachim, 
Russian Federation), 70,000, 110,000, 500,000 (Loba Chemie) were used in the present 
study. Dextrans were oxidized as previously described [2]. Aldehyde groups were 
determined by their iodine number [5], enols by the method of Meyer [6], and the 
carboxyl groups according to ref. [7]. ODs were reduced with sodium borohydride 
according to ref. [8]. 

UV spectra of dextran solutions were recorded with a Specord M-40 spectrophotome- 
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ter. Samples for IR spectroscopic measurements were prepared by pressing with KBr 
and their spectra were measured with a Specord IR-71 instrument. IH NMR (200.13 
MHz) and ZaC NMR (125.7 MHz) spectra were recorded with an AC 200 Bruker 
spectrometer for samples (150 mg) in D20 (3 mL). 

Electrophoretic mobility by ELS method was measured with a device [9] designed in 
Petersburg Nuclear Physics Institute (St. Petersburg, Russian Federation). 

2. Results and discussion 

I H NMR spectra of dextran and dextran products are presented in Figs. 1 and 2, 
respectively. After periodate oxidation, several new signals at 4.3, 5.15, 5.3-5.5, 5.7, 
and 6.0 ppm were observed with relative intensities which depended on the pH of the 
solution. It is worth to note that all signals from ODs detected in these regions 
disappeared after treatment with sodium borohydride (Fig. 3). It follows that the 
above-mentioned signals must arise from protons of hydrated aldehyde and aldehyde 
groups linked by polyacetal bonds. A pH-dependent quantitative change in the ratio 
between these aldehyde forms results in different relative intensities of these signals at 
alkaline and acidic pH. 

Signals at 8-9 ppm were observable only at alkaline pH (Fig. 2a) and they 
disappeared at low pH (Fig. 2b). Conversely, when the alkali was added to the product 
isolated at acidic pH, the signals appeared again (Fig. 2c). In this region, only signals 
from CH enol protons, carboxyl and a,/3-unsaturated aldehyde olefinic protons are 
expected. Taking into account that signals in this region appear only at alkaline pH, and 
in view of the observed reversibility, aldo-enol transitions are probably responsible for 
the observed pH-dependence of OD solutions. 

To test this conclusion, ODs were treated with sodium borohydride which is known 
to reduce aldehyde without affecting carboxyl groups and double carbon-carbon bonds. 
Absence of signals from the reduced dextran in this spectral region at any pH of the 
solution (Fig. 3) supports that signals at 8-9 ppm are effectively due to the presence of a 
tautomeric form of aldehydes. 

The fact that a signal appeared at 9.3 ppm after addition of the acid to the alkaline 
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Fig. 1. ~ H NMR spectrum of dextran, tool wt 60,000. 
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Fig. 2. z H NIVIR spectra o f  the ox id ized dexlzan (tool. wt. 60,000, do 60). (a) O D  isolated at pH  7.5, in 0.01 N 
NaOD; (b) OD isolated at pH 7.5, in 0.01 N DCI; (c) OD isolated at pH 3.0, in 0.01 N NaOD; (d) OD isolated 
at pH 3.0, in 0.01 N DCi. 
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Fig. 3. ~ H NMR spectrum of OD product after reduction with sodium borohydride in 0.01 N NaOD. 

solution of the OD (Fig. 2b) may be explained by the conversion of an enolate ion into 
the corresponding aldehyde. 

Furthermore, the close coincidence in number of enol groups, as calculated from the 
total of relative intensities of signals at 8 -9  ppm (7 and 11% are given by the spectra in 
Figs. 2a and 2c, respectively) and also determined by the method of Meyer [6] (9%), 
confirmed our assignment of these signals to CH enol protons. 

The presence of several signals in the region 8-9  ppm might be due to formation of 
different isomeric enol forms, as well as enolate anions and cyclic derivatives (Scheme 
1). The final tautomeric distribution would then be a function of pH-dependent, 
reversible aldo-enol transitions and hydration, rehydration processes. 

13C NMR spectra of alkaline solutions of ODs were in further support of this 
hypothesis (Fig. 4). The spectrum measured at pH 7.5 displayed signals at 113.7, 156.9, 
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Fig. 4. ]3C NMR spectra of dextran products. (a) OD (mol. wt. 60,000, do 40), pD 7.5; (b) OD (mol. wt. 
60,000, do 40), pD 9.3; (c) OD (tool. wt. 60,000, do 60) in D20, isolated at pH = 3.5, (d) OD (mol. wt. 
60,000, do 60) in 0.01 N NaOD, isolated at pH 3.5. 

158, 171.9 and 192 ppm (Fig. 4a). ODs derived at acidic pH and solubilized in alkali 
gave a similar spectrum (Fig. 4d). Increasing the pH of the solution to values higher than 
9 resulted in the appearance of new signals in this region, at 171.7 and 180.5 ppm (Fig. 
4b). ODs recovered at pH 3.5 and dissolved again in D20 gave rise to only a few signals 
in this spectral region (Fig. 4c). We could not obtain the NMR spectrum at acidic pH 
since the solubility of ODs was insufficient for NMR measurements. Most likely, the 
signal at 192 ppm can be assigned to hydrogen-bonded aldehyde groups (IV). In this 
case, as pH increases, enolization, formation of an enolate anion, and eventually ring 
closure may occur, resulting in the disappearance signal. Consequently, the signals at 
150-160 ppm should belong to the olefinic carbon atoms (structures II-VI) and signals 
at 171.9 and 180 ppm to the carbon atoms of the enol group and enolate ions II-V. 

ELS experiments on reduced dextrans confirmed that a charge on the ODs resulted 
from the enolate ion but not from the carboxyls, because dextrans revealed no elec- 
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trophoretic mobility (EPM) at any pH after selective reduction of their aldehyde group 
by sodium borohydride. 

The absence of UV and IR absorption in the region typical of aldehydes and enols 
after sodium borohydride treatment provides additional support for our conclusion. The 
absorption at 267 nm and 1740 cm -1 in the spectra of acidic solutions of ODs must be 
caused by the aldehyde groups, while absorptions at 240 and 290 nm and 1620 cm -I in 
the spectra of alkaline dextran solutions may arise from aldo-enol transitions. 
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