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ABSTRACT 

The infrared spectra of Dglucuronic acid and three of its alkali-metal salts 
have been recorded. The salts have the formula M D-glucuronate - 2 H,O, where 

M = Naf , K+ , and Rbf . The structurally known K D-glucuronate 2 Ha0 and its 

isomorphous Rb D-glucuronate . 2 Ha0 salt show that each metal cation has sixfold 

coordination, surrounded by O-l, O-3,0-6, and O-7 of the D-glUCUrOnate residue, 

as well as by two oxygen atoms of the water molecules. The crystal structure has an 

extensive hydrogen-bonding network, and there are binding forces between the 

positive ion and the electronegative oxygen atoms. 

Spectroscopic and other evidence presented here indicated that these three 

D-glucuronate salts are isomorphous, in terms of common coordination geometry 

and similar binding-sites involved. The strong hydrogen-bonding system of the free 

sugar is retained upon ionization, and, in this series of alkali-metal salts, the sugar 

moiety crystallizes as the p anomer. 

INTRODUCTIOh’ 

Metal-sugar interaction has been known for a long time’, and X-ray studies* 
or n.m.r. spectroscopy 3-6 have been widely used to characterize the nature of the 

metal-sugar bondings, but reliable correlation between the structural information 

and the spectral properties for carbohydrates is still lacking. Recently, correlation 

between spectral changes and the coordination sites used by the sugar moieties in 
a series of metal-sugar complexes has been demonstrated7,*. Evidence for this 

came through comparison of the i.r. spectra of the structurally known Ca(D- 

glucuronate)Br * 3 Ha0 (ref. 9) and the Ca(a-L-arabinose)C12 . 4 Ha0 (ref. 10) 

complexes with those of the corresponding free sugars and of other calcium com- 

pounds. 

In the present work, as there was unambiguous, structural information” on 

K D-glucuronate * 2 H20, the i.r. spectrum of this salt was examined, in order to 

*Present address: Department of Chemistry, University of Montreal, C.p. 6210, WC. A, Montreal, 
Que. H3C 3V1, Canada. 
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detect the characteristic features of each structural type of the compounds studied 

here for Naf and Rb+ ions, and to establish a correlation between the spectral 

changes and the binding sites used by the B-D-glucuronate residue (1). 

1 

EXPERIMENTAL 

General. - All chemicals were reagent grade and used without further purifi- 

cation. D-Glucuronic acid was BDH reagent-grade, and was recrystallized from 

water by slow evaporation. 

Preparation of D-g~ucuronic salts. - The alkali-metal salts were prepared” 

by addition of D-ghrcuronic acid (1 mmol) in HZ0 (20 mL) to a solution of the 

metal carbonate (1 mmol) in II,0 (20 mL). The solution was then decolorized by 

means of activated carbon, concentrated at room temperature, and allowed to crys- 

tallize in an atmosphere of ethyl alcohol in a desiccator. The colorless crystals that 

were formed were washed several times with cold alcohol, dried over CaCl,, and 

analyzed; they had the empirical formula M D-glucuronate . 2 HzO, where M = 

Na+,K+,orRb’. 

Physical measurements. - The infrared spectra were recorded, for KBr pel- 

lets, with a Digilab FTS WC, Fourier-transform, Michelson infrared interferome- 

ter equipped with a high-sensitivity HgCdTe detector and a KBr beam-splitter hav- 

ing a spectral resolution of 4 to 2 cm-‘. X-Ray powder photographs were taken for 

comparative purposes, using a powder camera (Philips, DebyeScherrer) with 

CuKa radiation. Conductance measurements were conducted at room temperature 

for aqueous solutions (tnM) with a conductivity meter, type CDM2e (Radiometer, 

Copenhagen). 

RESULTS AND DISCUSSION 

Structural analysis had shown I1 that the K+ ion has sixfold coordination, 

sited in the vicinities of O-6, O-7, O-3, and O-l of the D-gfucuronate anions and of 
two oxygen atoms of the water molecules, in the K P-D-glucuronate 9 2 Hz0 salt. 

The interaction between the oxygen atoms and the potassium is largely electrosta- 
tic, with a K+-O distance ranging from 279 to 28.5 pm. A strong hydrogen-bonding 

network covers the entire crystal structure, and causes stabilization of the structure 
of the salt. There are two other glucuronate oxygen atoms (O-4) near each potas- 
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sium ion, with K+-0 bond-lengths of -300 pm, which are not considered to be 
part of the sixfold coordination of the potassium ion. 

X-Ray powder photography shows that the Na’, Kf, and Rb+ glucuronates 
are isomo~hous, in terms of a similar structural arrangement around the metal ca- 
tions. The observed molar conductiviti~ (80-100 R’.mol-‘.cm*) indicate 1 :t 

electrolytes for these alkali-metal salts. 
The i.r. spectra of these salts, together with that of the free sugar acid have 

been recorded in the region of 4OOOAOO cm-‘, and the results are discussed in two 
parts: (a) 3700-2700 cm-‘, and (b) 18W-400 cm-‘. It should be noted that this 
discussion, largely based on the assi~ments and the nodal-coordinate analysis 
conducted by Hineno” and Vasko et al. r3 , is in good agreement with their observa- 
tions. 

(a) 3700-2700 cm-‘. In this region, the free sugar acid shows four major 
groups of strong absorption bands (each of which has several components) cen- 
tered at -3400,3280,3160, and 2900 cm-’ (see Fig. 1). The first three absorption 
bands are assigned to the hy~ogen-ended, OH stretching-frequencies’2,13, 
whereas the fourth absorption band is related to the C-H vibrational frequen- 
cies’2913 (see Table I). The OH stretching-vibrations of the free acid are shifted to 
higher frequencies in the spectra of the metal D-g~ucuronates, and a new absorption 
band also appears, at -3350 cm-‘, in the spectra (see Fig. 1). The shift of the OH 

3.540 3HM 3ioo 33M) 3230 31w 3000 2900 2800 27kJo 

cm-1 

Fig. 1, Infrared spectra of D-giUcUrOniC acid and potassium D-&CUrOfiate in the region of 37&?-2700 
cm-‘. (a, D-Gluc~onic acid; b, K D-glucu~ate ’ 2 HzO.) 
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TABLE I 

INFRARED ABSORPTION BANDSa (cm-‘) OF CRYSTALLINE D-GLUCURONIC ACID AND ITS ALKALI-METALSALTS 

D-C%curonic Na D-ghcuronaie K D-giucuronate 

ncid I 2 Hz0 .2H20 
__.~ 

3450 sh 
3400 b 
- 

3280 s 
316Ob 
- 

2926 m 
2887 s 
2840 m 

2766 TV 
- 

1707 s 
- 
- 
- 

1457 s 
1363 sh 
1345 s 
1325s 
1300 sh 
1259 s 
1227 s 
1205 m 
1159s 
11409 
11OOsh 
1089 vs 
1046 sh 
1024 vs 
960 sh 
944m 
9OOvw 
770 m 
740 m 
715 s 
680 m 

- 

600w 
58om 
570 m 
560m 
530 m 
480 W 
46Om 

450 m 
430 W 
420 w 

3605s 
3472 s 
3350 s 

3300 s 
3144s 
3030 m 
2922 m 
2900w 
2842 m 

2780 w 
2720 v\v 
- 

1644 sl 
1600 b!. 
1473 m 
1429s 
1383 m 

1339m 
- 

13OOm 
1255 w 
1238~ 
1193w 
1167s 
1129~11 
1115rr 
107OV!i 
1043s 
1022 s 
960 VN 
945u 

- 

786a 
737 m 

- 

678 m 
670% 

611 V 
584 n, 

- 
- 

537 1 
499 \1 

- 

452 m 
- 
- 

3580 m 
3520 b 
3355 s 
3290 s 
3114s 
- 

2930 w 
2900 w 
2848 m 

2738 w 
- 
- 

1630 sh 
1592 vs 
1465 sh 
1432 s 
1384m 
1349 m 
1324 m 
13OOm 
1263 m 
1225 w 
1203 w 
1161 w 
- 

llllvs 
1072 vs 
1063 vs 
1019 vs 
- 

947 m 
890 vw 
798 w 
738 m 

- 

677 m 
- 
- 

577 w 
557 VW 

- 

520s 
- 
- 
- 

431 w 
- 

Rb D-ghcuronate Possible 
.2H20 assignments 

3540 m 

3462 s 
- 

3280 s 
- 

3020 m 
29:7 s 
2900 sh 
2870 w 
2780 w 
- 
- 

1606bs 
1495 m 

1413 s 
1365w 
1335 m 
1317 sh 
1292 s 
1269 sh 
1227 w 
119ovw 
116OS 
1126 sh 
1106m 
1088m 
1056~s 
1022vs 
- 

942 m 
900 sh 
792 m 
753 m 

- 

667m 
597 m 
S77m 
557 w 
545 VW 
538 m 

- 
- 
- 

445 w 
- 

vOH (hydrogen-bonding)1’.‘3 

UOCO- antisymmetrical’ 

&X0- symmetrical16 

S(ocH) + qccH)‘*J3 

G(CCH) + 6(COH)‘2.‘3 
G(CCH) + 6(COH)12 
G(CCH) + S(COH) + S(OCH)” 

8(CCH) + S(COH)‘* 
6(COH) + 8(CCH)” 

t&O) + Y(CC) + s(CCC)‘2 
v(C0) + U(CC) + (i(CCO)‘2 

V(CC) t V(cop 
V(C0) t S(CC0) + qccp 

r&O) + S(CCH)‘* 

v(CC) t G(CCH) t S(CO)‘* 
$0) + S(CC0) t 6(CCH)” 

(CCO) + (OCO) t T(CO)‘2 
S(CC0) + r(cco)‘* 

r(CO)‘2 

r(C0) + S(CCO)‘2 

S(CC0) t v(co)‘* 

S(CC0) + 8(CCH)‘* 

‘Key: b, broad; m, medium; sh, shoulder; s, strong; v, very; w, weak; 6, bending; Y, stretching; 7, inter- 
nal rotation. 
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stretching-vibrations towards higher frequencies is indicative of weakening of the 

strong, hydrogen-bonding network of the free acid upon ionization, whereas the 
presence of the new band at 3350 cm-’ is mainly due to the water molecules and 
to rearrangement of the hydro~n-bonding system of the sugar moiety in the crystal 
structures” of these alkali-metal salts. 

A band having medium intensity, at 3450 cm-‘, in the spectrum of the free 
acid, assigned to a weakly hydrogen-bonded OH group14, appeared as a sharp ab- 
sorption band at 3605 cm-’ in the spectrum of sodium D-glucuronate. The shift ob- 
served could be related to the presence of a free OH group” of the D-glUCUrOnate 
residue in this salt. The C-H stretching vibrations of the free acid at -2900 cm-’ 
showed no considerable changes upon sugar metalation (see Table I). The main 

features of the spectra, as related to this discussion, with the possible assignments, 
are given in Table I and Fig. 1. 

(b) 18Oo-400 cm-‘. Although the interaction between the alkali cations and 
the D-glucuronate anion was found” to be largely ionic, the ionization of the free 
acid causes drastic spectral changes in this region of the spectra. The atomic mo- 
tions of the sugar ring are strongly coupled, and the vibrations are spread over the 
entire molecule, so that the individual assignment for each absorption band is 
difficult to make. Metalation or ionization of the acid moiety can also change the 
electron distribution within the ring system, and this modifies the vibrational fre- 
quencies. However, some of the most common and meaningful spectral changes 
observed are summarized next. 

A strong absorption band at 1707 cm-’ in the spectrum of the free acid, as- 
signed to the C=O stretching vibration14, was shifted to a lower frequency and split 
into two components, at -1600 and 1500 cm-‘, in the spectra of the alkali-metal 
salts (see Fig. 2 and Table I). These ab~rption bands are respectively related to 
the antisymmetri~l and symmetrical stretching-vibrations of the COO-group’6. It 
has been suggested16 that, in a series of metal carboxylate complexes, the separa- 
tion between the symmetricat and the antisymmetrical component of the COO- 
group is a measure of the chelation or the bridging of the carboxylate anion. In the 
calcium D-glucuronate compounds reported earlier?, containing chelation or a 
bridging metal carboxylate group, the separation of the COO- splitting was 150 
cm-‘. It has been found’” that the alkali metal-D-glucuronate interaction is largely 
ionic, but the separation of -100 cm-’ for the two COO- components is indicative 
of some degree of direct metal-oxygen interaction, in these series of D-glucuro- 
nates. Similar interaction was observed 17-19 for potassium-oxygen bonding having 
a similar P-0 distance (275 to 2% pm) in a series of pota~ium salts containing 
carboxylate anions and a neutral sugar molecule. It is worth noting that the COO- 
group is a stronger hydrogen-bonding donor than the parent COO-H group. 
Therefore, the rearrangement of the hydrogen-bonding network of the free acid 
would also affect the COO- stretching-vibrations upon ionization. A shoulder ab- 
sorption-band at -1630 cm-’ appeared in the spectra of the sodium and potassium 
salts, and it was assigned to the bending vibration of the water molecule’6. Such an 



H.-A. TAJMIR-RIAHI 
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b 

d 

1800 I 644 1489 1333 1178 1022 867 711 556 400 
cm-l 

Fig. 2. Infrared spectra of D-ghXUrOniC acid and of three metal D-ghICurOnatcS in the region of lkW- 

4KJ cm-‘. (a, D-Giucuronic acid; b, K D-glucuronate . 2 H20; c, Rb D-glucuronate 2 H20; and d, 
Ca(o-glucuronate)Br 3 HzO.) 

absorption band at 1630 cm-‘, and another at 3350 cm-’ related to the presence of 

the Hz0 molecules, were not observed in the spectrum of the corresponding 

rubidium salt, mainly due to the gradual dehydration of this salt upon air drying, 

as reported earlier”. 
In the spectrum of the free acid, seven absorption bands, at 1457,1365,1325, 

1300, 1259, 1227. and 1205 cm-‘, mainly assigned to the bending vibrations’“z’” of 

the COH and CCH groups, show considerable changes in intensity, and are shifted 
to lower frequencies (see Fig. 2 and Table I). The shifts of the COH bending to 
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lower frequencies, together with those of the OH s&etchings at 3600-3200 cm-l to 
higher frequencies, are indicative of the general weakening of the hydrogen-hond- 
ing system of the free acid, and the possible metal-oxygen interaction of the sugar 
hydroxyl groups, upon salt formation. Other absorption bands, at -1205, 1159, 
1140,1100,1089,1046,1024 and 940 cm-‘, in the spectrum of the free acid, are as- 
signable mainly to shift of the C-O stretching vibrations’2 to lower frequencies 
upon sugar metalation (see Table I). The shifts of the C-O stretching vibrations to- 
wards lower frequencies are due to rearrangement of the strong, hydrogen-bonding 
network of the glucuronate moiety and to the direct metal-oxygen interaction upon 
acid ionization’&. 

The skeletal deformations at -1100-400 cm-’ in the spectrum of the free 
acid showed considerable changes on metalation. The bands, having medium in- 
tensities, at 770 and 740 cm-’ appeared as sharp absorption bands at higher fre- 
quencies in the spectra of the alkali-metal salts (see Table I). A sharp absorption 
band at 715 cm-’ in the ligand spectra disappeared upon acid ioni~tion (see Fig. 
2), and a band at 680 cm-’ in the spectrum of the free acid, shifted to a lower fre- 
quency upon sugar metalation (see Table I). Because these vibrations are mainly 
related to the C-C-C, C-O-C, and O-C-O skeletal deformations’*, it seems that 
the ionization of the free acid can change the electron distribution within the ring 
system, where the vibrations are mostly localized, causing ring distortion and 
finally modifying these vibrations frequencies. It should also be noted that the 
rearrangement of the strong hydrogen-bonding system of the free acid can affect 
the skeletal vibrations upon metalation. 

(Y and /3 Anomers. Structural data showed” that the D-glucuronate anion 
crystallizes as the /3 anomer in the crystal structure of the alkali-metal salts, 
whereas the (Y anomer preponderates in the crystal structure’ of Ca(D-glu~ronate~ 
Br - 3 H20. It has also been suggested4 that the p anomer of D-glucuronic acid pre- 
ponderates in aqueous solution, and that calcium cations show different affinities 
for the (Y and /3 anomers of certain sugars in solution. Previously, there were re- 
ported7 the i.r. spectra of D-glucuronic acid and its calcium complexes, in which a 
sharp absorption band appeared at 825 cm-‘, also found in the spectra of the struc- 
turally known Ca(D-gl~lcuronate~~r * 3 Hz0 and of the corresponding chloride, 
but absent from the spectrum of the free acid, which was attributed to the presence 
of the a! anomer20,21 of the D-glucuronate residue in those calcium-sugar complexes 
(see Fig. 2). In the present work, the absence of this band at 825 cm-’ from the 
spectra of the alkali-metal salts is indicative of the presence of the D-glucuronate 
anion as the p anomer in this series of metal ~-glucuronates (see Fig. Z), which is 
consistent with the structural analysis” Ear K D-glucuronate . 2 HzO. 

CONCLUSIONS 

~though Raman and infrared techniques have often been used to charac- 
terize the vibrationa frequencies of sugars, a reliable correlation between the 
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structural properties and spectroscopic information for carbohydrates is still hard 

to establish. Metalation of the glycuronic moieties can provide a useful probe in 

order to develop our understanding about vibrational problems for carbohydrates. 

Hence, using the spectroscopic and structural properties of D-glucuronic acid and 

its alkali-metal salts studied here, the following conclusions may be reached. 

(a) The strong hydrogen-bonding system of the free acid is preserved upon 

ionization; (b) there is some degree of direct interaction between these metal ca- 

tions and the COO-, CO, and OH groups of the D-glucuronate anion; (c) the sugar 

moiety crystallizes as the p anomer in these alkali-metal salts; and (c6) the Na+, Kf , 
and Rb’ salts are isostructural, in terms of similar coordination number and com- 

mon binding-environments. 

REFERENCES 

1 J. A. RENDLEHAN. JR., Adv. Curbohydr. Gem., 21 (1966) 20%271, and references cited therein. 
2 H. E~SPAHR AND C. E. BUGG, Acra Crysfallogr., Sect. B, 36 (1980) 264-271, and references cited 

therein. 
3 S. I. ANGYALAND K. P. DAVIES, Chem. Comrtlun., (1971) 500-501. 
4 T. ANTHONSEN, B. LARSEN, AND 0. SMIDSR~D, A& Chem. Scund., 26 (1972) 2988-2989. 

5 B. CASU, G. GA~I, N. CYR. AND A. S. PERLIN, Carbohydr. Rex, 41(1975) ~6x8. 
6 L. D. HALL, P. R. STEINER, ANDD. C. MILLER, Can. J. Cbem., 57 (1979) 38-43. 
7 H.-A. TAJMIR-RIAH;, Curbohydr. Res., 122 (1983) 241-248. 
8 H.-A. TAJMIR-RIAHI, Spectrochim. Actu, in press (1983). 
9 I,. DE LUCAS, C. E. BUGG. A. TERZIS, AND R. RIVE~T, Curbohydr. Res., 41(1975) 19-29. 

10 A. TERZIS, Crysr. Strucf. Commun., 7 (1978) 95-99. 
11 G. E. G~JRR, Actu Crystallogr., 16 (1963) 690-696. 
12 M. HINENO, Curbohydr. Res., 56 (1977) 219-227. 
13 P. D. VASKO, J. B’_ACKWELI,. AND J. L. KOEXIG, Curbohydr. Res., 19 (1971) 297-310; 23 (1972) 407- 

416. 
14 E. D. T. ATKINS I. A. NIISVJSZYXSKI, H. H. WILLS, W. MA~KIF., K. D. PARKER. AND E. E. 

SMOLKO, Biopo/ymers, 12 (1973) 1865-1887. 
15 L. J. BEL.L.AMY, Advances in Infrared Group Frequencies, Methuen, London, 1968. 

16 K. NAKAMOTO, Infrared Spectra of lnorgunic and Coordination Compounds, Wiley, New York, 
1963. 

17 .I. W. BATSANDH Frxss, Actu Crystallogr., Seer. B, 36 (1980) 1940-1942. 
18 M. P. GUPTA AND J ASHOK, Crysr. Strucl. Cornmutt, 7 (1978) 171-171; J. Z. GOUGOUTAS, W. H. 

OJALA. AND J. A. MILLER, ibid., 9 (1980) 519-522; W. H. WATSON AND Z. TA[RA, ibid., 6 (1977) 
441446. 

19 Y. NAWATA, K. OCHI, M. SHIBA, K. MORITA, ANDY. IITAKA, Acfu Crystallogr., Sect. B, 37 (1981) 
246-249. 

20 S. A. BARKER, E J. BOLIRNE, M. STACEY, A~W D. H. WHIFFEN, J. Cbem. Sot., (1954) 171-176, 
3468-3473,4211-4215,45~555. 

21 K. S. BAIPAI, V. CHANDRASEKHARAN, S. MUKHERJEE. AND A. N. SHRIVASTAVA, Carbohydr. Res., 
14 (1970) 259-261 


