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Absbuct: Heteronuclear correlation NMR spectroscopy was employed in the 
unambigous carbon chemical shift assignment of N-acetyl neuraminic acid at pH 1 .O 
and 7.0. Our results show that at pH 1.0 the C6 resonance is slightly downfield from 
that of CS and at pH 7.0 the C6 and CS chemical shifts are transposed. These 
experiments firmly establish carbon chemical shift assignments in N-acetyl 
neuraminic acid for the first time. 

We have initiated an NMR program targeting new methods for studying carbohydrates in solution 

as part of a larger goal of studying protein bound carbohydrates. We ate especially interested in 

recognition processes involving sialoglycoconjugates and recently we reported 1H and 13C solution 

phase chemical shift anisotropy (CSA) data for N-acetyl netuaminic acid (NeuAc) 1.1 Interpretation of 

our results required complete carbon chemical shift assignment and we were surprised to find that this 

had not been firmly established in the literature. 
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The first I3C NMR studies on NeuAc were performed at 22.63 MHz in DzO. The resonances 

corresponding to C6. C7, and C8 were poorly resolved at this low field and complete assignment was 

not possible.* Carbon chemical shift data was also reported at 25.16 MHz in &O and although better 

resolution allowed assignment of the C7 tesonance (69.4 ppm). the C6 (71.3 ppm) and C8 (71.5 ppm) 

resonances were only tentatively assigned on the basis of chemical shift changes in acetylated 

derivatives.3 It occurred to us that unambiguous chemical shiit assignment could be achieved using 

heteronuclear correlation NMR spectroscopy (HETCOR). The results of those experiments on sialic 

acid and its sodium salt are reported herein. 
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Figure 1: 75.43 MHz HETCOR Spectrum of 0.45M Sialic Acid in D20, pH 1. 
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Figure 2: 62.5 MHz HETCOR Spectrum of 0.9M Sialic Acid Sodium Salt in DzO, pH 7. 
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Proton chemical shift assignment of NeuAc was made by Brown et al. at 270 MHz in @O.4 Our 

assignments were in agreement with theirs and the proton chemical shift values are listed in table 1.5 
Figure 1 shows the HETCOR of O.&M NeuAc in &O at 75.43 MI-Ix (pH LO).6 It is clear from this 

experiment that the peak occurring at 71.19 ppm is coupled to the proton at 4.00 ppm which is H6. 

Similarly the 70.90 ppm resonance is coupled to H8. The nzsonan~ occurring at 68.98 and 67.41 ppm 

are well resolved and correspond to C7 and CI respectively. C9 appears as a doublet at 63.92 ppm 

(coupled to H9 and H9’). The complete 1% assignment for sialic acid is listed in table 2. 

Table 1: Proton Chemical Shifts for N-acetyl neuraminic acid and 
N-acetyl neuraminic acid Sodium Salt 

(L Chemical shi@ are reported in ppm from an internal dJio.wne stanakrd (&3.53ppm) for a 0.4SM 
solution in D20 at rt.. pH 1. b. Chemical shi’ are reported in ppm from an internal dioxane standard 
for a 0.9M solution in D20 at rt., pH 7. 

Since these assignments differed from earlier reports3 we decided to do a HETCOR on the sodium 

salt of N-acetyl neuraminic acid which was prepared by titration of the acid with IM NaOH. We also 

did a COSY experiment to confinn the proton chemical shift assignments which are listed in table 1. 

There were not large differences in the proton chemical shifts however H6 was shifted slightly upfield. 

The HETCOR spectrum shown in figure 2 clearly shows that the positions of C8 and C6 are 

transposed. The resonance peak at 71.33 ppm is coupled to H8 and the slightly upfield peak at 71.08 

ppm is coupled to H6. The remaining assignments are listed in table 2. 

Several 1% NMR studies of NeuAc have appeared in the literature which cite tentative assignments 

placing C8 downfield from C6.7 The results reported herein unambiguously confirm the earlier 

assignments at neutral pH. However, these pH dependent chemical shifts warrant caution in future 

studies involving NeuAc and care should be taken in reporting the pH of the solutions studied and in 

verifying the carbon chemical shifts. 
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Table 2: Carbon Chemical Shifts for iV-Acetyl Neuraminic Acid and 
N-Acetyl Neuraminic Acid Sodium Salt 

a. Chemical shifss are reported in ppm relative to dioxzme internal standard (6=67.4 ppm) for 0.45M 
solutions in D20 at room temperature, pH 1. b. Chemical shifr are reported in ppm from an internal 
dioxane standardfor a 0.9M solution in D20 at rt., pH 7. 

In conclusion, unambiguous carbon chemical shift assignments of sialic acid and its sodium salt 

were made possible using heteronuclear correlation NMR spectroscopy. At pH 1.0 the resonance 

occurring at 71.19 ppm is coupled to H6 and is therefore assigned to C6 whereas the slightly lower 

field resonance at 70.90 ppm is assigned to C8 due to coupling to H8. At neutral pH the positions of 

C6 and C8 are transposed with C8 occurring at 71.33 ppm and C6 at 71.08 ppm. 
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