
Carbohydrate Research, 119 (1983) 263-268 
Elsevier Scrence Publishers B.V., Amsterdam -Printed in The Netherlands 

Note 

Conformations of o-gluconic, o-mannonic, and o-galactonic acids in solu- 
tion, as determined by n.m.r. spectroscopy* 

DEREK HORTON+. ZRIGNIEW WA~ASZEK~, AND IRENA EKIEI.** 

Department of Chemistry, The Ohio State University, Columbus, OH 43210 (U.S.A.) 

(Received February 19th. 1983; accepted for publication, March 14th, 1983) 

During the course of broader studies on conformational analysis of lactones 

of sugar acids in solution2- 5, we became interested in the conformations of sugar 
acids. Whereas the conformations of D-pentononitriles”.7, and some D-hexono- 

nitriles7*x in solution have been rather extensively studied, conformational analysis 

of aldonic acids has as yet been little explored’. 

The present work is a ‘H- and 13C-n.m.r.-spectral study on the conforma- 

tions of three isomeric D-hexonic acids, namely, D-gluconic acid (l), D-mannonic 

acid [because of its extreme tendency to lactonize, the acid was investigated in the 

form of its ethyl ester (2)], and DLgalactonic acid (3) in solution. 
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EXPERIMENTAL 

Literature procedures were used to prepare D-gluconic acid”, 2,3,4,5,6- 
penta-O-acetyl-D-gluconic acid”‘, ethyl D-mannonate”, and D-galactonic acid’. 

Sodium D-gluconate was obtained from Pfanstiehl Labs., Waukegan, Illinois. All 

compounds had physical constant in good agreement with published values and 

*For a preliminary report, see ref. 1. 
‘To whom inquiries should be addressed. 
‘Permanent address: Department of Tumor Biology, Institute of Oncology, Gliwice, 44-100 Poland. 
**Permanent address: Department of Biophysics, Instrtute of Experimental Physics, University of war- 
saw. Warsaw. 02-089 Poland. 
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Fig. 1. The 300-MHz, 1H-n.m.r. spectrum of [-gluconic acid (i) in dimethyi sulfoxide-d6 (upper trace) 
and the simulated spectrum (lower trace). 

were chromatographically homogeneous. T.I.c. was performed as described ear- 
lier 2. The tH-n.m.r, spectra of the aforementioned acids in dimethyl suifoxide-d6 
and in pyridine-d5 were recorded either at 100 MHz with a Varian HA-100 instru- 
ment or at 300 MHz with a Varian HR-300 spectrometer, as described earlier 2,s. 
Computer-simulated spectra were generated with the aid of the program LAO- 
COON IIl, in order to extract tH-n.m.r, chemical-shifts and coupling constants. 
Proton-decoupled, natural-abundance-carbon-13, pulse Fourier-transform, n.m.r. 
spectra of the acids and derivatives were recorded with a Bruker HX-90 multinuc- 
lear spectrometer, as described earlier2"3; the spectra of each compound in D20 
were recorded immediately after dissolution, during mutarotation, and when 
mutarotation was complete. 

DISCUSSION 

The coupling constants observed for o-gluconic acid (see Fig. 1 and Table i) 
are interpretable in terms of a conformational equilibrium between the planar, zig- 
zag conformation (P) and the 3G +, sickle form (for an explanation of the sym- 
bolism, see refs. 12 and 13). Interestingly, both of these conformations have been 
found for the D-gluconate ion in crystals of potassium D-gluconate 14't5. We had ear- 
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licr found’ that the conformational equilibrium of D-glucaric acid appears to in- 

VOIVC the .-iG+ and ?G’ sickle forms, together with the planar, zigzag conformation 

(P). Changes in the coupling constants observed after peracetylation of D-gluconic 

acid indicate a shift of the conformational equilibrium toward the ?G’* and, possi- 

bjy2, & sickle form(s), whereas the ?C+ form has been postulated as the favored 

conformation of peracetylated ~-glucoIlonitrjlc in solution’.“. 

The planar, zigzag conformation of r>-gluconic acid. which has unfavorable. 

1.3-parallel interactions (see ref. 13) of the hydroxyl groups at C-2 and C-4, must 

apparently be stabilized, as In the crystal“‘.‘“, by a well-defined. intramolecular h>- 

drogen-bond. 4OH-0-7. and a weaker, intramolecular interaction. .?-OH-O-l. 

Such intramolecular hydrogen-bonding has been observed in dimethyl sulfoxidc 

solutions of sodium r>-glucuronateih. and sucrose”. 2s well 3s in those of&-. it&p-. 

and poIy-saccharides of D-gl~cose’~ ‘(‘. It now seems clear that the effects of intra- 

molecular hydrogen-bonding on conformational properties of sugars in solution, 

including aqueous solution”. need to he studied in detail. 

The coupling constants found for D-rnannonic acid and t>-galactonic acid (see 

Table I) demonstrate that the conformations in solution strongly favor the planar, 

zigzag (P) conformation. whrch has no 1 ,.Lparallel interactions of hydroxyl groups 

in either instance. Similar behavior has been observed for peracetylatcd D-man- 

nono- and D-galactono-nitriles in solution’.“. 

Additional support for the aforementioned conformations as the favored 

conformations of 1, 2, and 3 in solution was afforded bj “C-n.m.r.-spectral 

analysis (see Tables II and IIJ). It is clear. for example, that C-2. C-3, C-4, C-5. and 

C-6 in D-mannonic acid and its ethyl ester resonate at almost exactly the same posi- 

tions. The results indicate the game conformational prcfcrence for both com- 

pounds. As to D-gluconic acid and its sodium salt. the relatively large shift of the 

C-2 signal to lower field in sodium D-gluconatc might reflect a shift of the confor- 
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TABLE 11 

CAKBON-13 CHEMl(‘AL SHIFTS FOK SOME II-HI’XONIC ACIDSIN D,O Al -30 

Compound Chemicul shifts in p,p.m. downfield from Me.&” 

C-l 
- .-.. .- _ .- ._ 

t,-Gluconic acid 176.7 
Sodium D-gluconate 179.6 
o-Mannonic acid ’ 177.4 
Ethyl D-mannonated 175.7 
D-Gulonic acid ’ 176.9 
t>-Galactonic acid 177.8 

c-2 c-3 

73.2h 72Jh 
75.0b 73.P 
72.3h 71.6h 
72.4h 71.7b 

73.Q 73.2’ 
72.05’ 71.3h 

C-4 

71.7h 
72.2h 
71.3h 
71.5b 
72.3h 

70.8b 

c-5 C-6 

71.6b 63.6 
71.96 63.6 
70.4b 64.0 
70.4h 641 
71.lb 63.6 
70. lb 64.2 

‘For freshly prepared solutions. The original data, referenced to the hrghest-field signal of sodium 4,4- 
dimethyl-J-silapentane-l-sulfonate (DSS). were converted according to the equation”: S MerSi = 6 
DSS - 1.6. *These assignments may have to be interchanged. ‘As observed’ in spectra of its fully 
mutarotated lactone(s). dChemical shifts of the ethyl-group carbon atoms, m p.p.m. downfield from 
Me,Si: 63.4: 13.5. 

TABLE III 

CARBON-13 CHEMICAL SHIFTS OF D-GLUCONIC AND D-GALACTOYIC ACID IN MelSO-dh 

Compound Chemical shlffs in p.p. m. downfield from internal Me&, 
and solvenf-induced shifts 4s” (in parentheses) 

C-l c-2 C-3 c-4 C-5 C-6 

D-Gluconic acid 174 l(2.6) 72.5’ (0.7) 71.9’(0.6) 7l.P (0.5) 70.3h (1.3) 63.0 (0.6) 
D-Galactonic acid 175.6 (2.2) 71.4h(0.65) 70.1’(1.2) 69.6h (1.2) 69.0b(l.l) 63.1 (1.1) 

“116 = 6 in DzO - 6 In Me$W-de. “These assignments may have to be interchanged. 

mational equilibrium in favor of the planar, zigzag conformation (P). All reso- 

nances are shifted to higher field (see Table III) in dueterated dimethyl sulfoxide 

in comparison with aqueous solution (DzO). Differences in chemical shifts mea- 

sured for solutions in D20 and MezSO-d6 seem to arise from differences in modes 

of solvation, and they may give some information on hydrogen-bonding systems in 

solution’ ‘. Solvent-induced shifts (AS) depend not only on the basicity of a hydro- 

xyl group that is to-be protonated by a protic sovent (H?O, D,O), but also on the 

accessibility of the hydroxyl group for such protonation. Hydroxyl groups involved 

in an intramolecular, hydrogen-bonding system, such as HO-2 and HO-4 in D- 

gluconic acid, and HO-2 in D-galactonic acid, are less accessible for protonation, 

and, because of this, the solvent-induced shifts observed for the aforementioned 

carbon atoms are somewhat smaller. As no dimer solute-solute association has 

been observed’832” for solutions of carbohydrates in dimethyl sulfoxide up to the 

concentration -0.7 mol.dm~~“, such association has not been considered, either in 

the present work or in our earlier studies on conformations of lactones of sugar 

acids2-‘. 
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The equilibrium compositions of the three D-hexonic acids and their lactones 

in II-@ were estimated from total peak-areas of the elf-prot~)n~ted carbon atoms in 

pr~~t~~n-d~coupfed, natural-abundance-carbon-13, pulst Fourier-transf(trm. n.m.r. 

spectra for equilibrated solutions (see Table IV). Grnetatlq-, our <fat;8 rare COIISIS- 

tent with earlier data clbtained by different methods’2. I.5Lactonrs wt’re observed 

as the first products of iactonization. as indlcatcd by both ‘H- anti “C’-n.m.r. 

spectra. as well as by t.l.c.‘7, but the l.-Mactones, being thermodynamically more 

stable than 1,54actones”. prevail in equilibrated solutions Simrlar <)b\ervations 

had been made for n-pcntonic acids and their iactonc\i. 
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