
Note 

‘3C-N.m.r.-spectral study of some biologically relevant, synthetic, thio 
sugars 

Thio sugars are carbohydrates that contain a sulfur atom instead of an oxygen 

atom attached to the carbon skeleton of the molecule’. For aldoses. this rcplace- 

ment may occur at C-l (to form ~-thioaldoses~. C-4 or C-5 within the ring system 

(to afford 4-thioald~?furant?scs or S-thi~)aidopyranos~s~, or at the terminal carbon 

atom (to give w-thio sugar derivatives) ‘. These thio sugars arc tsoclcctronic with 

their oxy homologs. The replacement of an oxygen atom by it sulfur atom in the 

carbon skeleton apparently has only a slight effect on the conformation of the ring 

system; however. it is known to affect the rate of rnutar~~tati(~Il of thL% system, and 

usually, as in the case ol the I-thio- and S-thio-n-glucoses. on& one ~r~p(~n~~era?~t~ 

anomeric state is found in solution’. 

Recently. thio sugars (and thtlir deri\iative\) have &en cx~m~ncd as pos~hl~ 

therapeutic agents. Goldf I)-l-thio-r>-ylucos~ compounds have heen tested :is an- 

tiarthritic agents’ ‘. Testing of this thio sugar as a possible ~I~~~I~~LI~~~~~~~~ agent 1x1~ 

bwn conducted’, and it has been shown to stimulate the relr,ia< of lnsultn In ratsO. 

.s-‘l’hio-r>-glucopyranose IS known tcj inhibit the transport ot ~)-gluc~~~~, and ha3 

been found to kill tumor WIIS <;clectivcly undrr hypc>ulc conditions” 

lin view of the Importance of thio sugars, WC &c~tied tct ohtaln “‘C-n.m.r.- 
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spectral data for some of these compounds, Presented herein are ‘3C-n.m.r.-spec- 

tral data for l-thio-P-D-galactose (l), 1-thio-P-D-glucose (9), a 1-thio-P-D-xyloside 

(16), and 5-thio-cY-D-glucose (18), as well as for some of their derivatives. The 

chemical-shift data may facilitate the use of 13C-n.m.r. spectroscopy as an analyti- 

cal tool for the analysis of thio sugar derivatives in urine, as well as a tool for in viva 

studies of “C-enriched, thio sugar drugs. 

EXPERIMENTAL 

Materials end methods. - The 1-thio-P-D-glucose, 1-thio-/I-D-galactose, l- 

thio-B-D-xyloside, and 5-thio-a-D-glucose, as well as their various derivatives, were 

purchased from Sigma Chemical Co., St. Louis, MO. Deuterium oxide and 

methanol-d4 were obtained from Cambridge Isotope Laboratories, Cambridge, 

MA. 
The 13C-n.m.r. spectra of the thio sugars were recorded with a Varian XL- 

100 spectrometer operated at 25.2 MHz, using 12-mm sample-tubes. The data were 

collected in 16.384 addresses. using a recycle time of 2 s. Sample concentrations 

were typically 0.13 to 0.25~ (in Hz0 containing -5% of D20) in the pH range of 

6.5 to 7.1. unless otherwise stated in the respective Table of data, and temperatures 



of samples were typically 27-31”. The ‘3C-n.m.r.-sptxtrum of 5-thio-cu-n-glucose 

was recorded with a JEOL-FX900 instrument operated at 23.5 MI-17. as previously 

described”. 

CYoupling constants ( ‘.I,.,,) v.wt‘ obtained fronr the ’ ‘<‘-coupkd spertra of 

these sugars. as described’“. Chemical shifts are given relative to 3 tract of internal 

1 .kiioxane. whose chemical shift” was taken to be 67.86 p.p.m 

“Chemlcai shifts for these compounds are gven at neutral pH (6.57. I ). except for I (pH 9.0). 9 (ptl 

8 5). and 18 (pH 5.0). Compounds 6. 12, and 13 were dissolved in CDJOD. because ot their low solub~l- 

Ity m HzO. For some of the compounds, the datum m parentheses under the chemical hhltt IS the coupl- 

ing constant (JVn) for that carbon atom; the datum under the couphng con\tdnt (s~gmfied by 6) of the 

differential isotope-shift (chemical shift m H&-DzO) observed for that carbon atom. “The chcmlcal 
shift of C-l IS 81 4 p p.m. at pH h 3 ’ Asslgnmenta may have to be icversed “IX&i Ataincd trom rcf 

I? 
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RESULTS AND DISCUSSION 

Table I gives the ‘“C-chemical-shift data, some ‘sC--lH coupling-constants, 

and some deuterium-induced, differential isotope-shift data for I-thio-P-D-galac- 

tose (1)) 1-thio-fi-D-glucose (9)) I-thio$-D-xyloside (16)) and 5-thio-a-D-glucose 

(18), as well as for some of their derivatives (p-aminophenyl, p-nitrophenyl, p- 

aminobenzyl, and isopropyl). The ‘3C-chemical-shift data given in Table I for D- 

glucose, D-galactose, and D-xylose were taken from work by Gorin and Mazurek12. 

The solvent employed for compounds 6, 12, and 13 was CD30D instead of 

H,O-DzO, because of the limited solubility of these compounds in H,O. However, 

it is considered that the chemical-shift difference for the carbohydrate carbon 

atoms in the two media is small. This conclusion is based on the fact that a differ- 

ence of cl.0 p.p.m. was observed for the chemical shifts of the carbohydrate car- 

bon atoms of compound 4 in Hz0 and CD,OD, and the resonance pattern re- 

mained essentially the same. The assignments of the resonances to specific, car- 

bohydrate carbon atoms was based on chemical-shift comparisons of the various 

thio compounds (and, to some extent, of their oxy analogs), ‘C-‘H coupling-con- 

stants and coupling patterns. and deutcrium-induced, differential, isotope-shift ef- 

fects (see later). Our results agree well with data published for related com- 

pounds”--‘“. 

The anomeric states of the thio sugars studied were known. However. the as- 

signment of a specific resonance to the anomeric carbon atom was difficult, because 

of its position near the resonances of the other carbohydrate carbon atoms (see 

Table I). In the coupled spectra of these compounds, one resonance typically 

showed a larger ‘JCH value (-10 Hz) than the others; this had also been observed 

for the anomeric carbon atoms of the oxy analogs”. The assignment, then, of C-l 

in the present spectra was based on the larger coupling-constant. The splitting pat- 

terns in the 13C coupled spectra were also used, in order to assign some of the reso- 

nances unambiguously (e.g., C-6 will give a triplet). 

The deuterium-induced, differential, isotope-shift effect has previously been 

used to aid in the assignments of “C resonances to specific, carbohydrate carbon 

atoms”-‘“. It was useful in our case in order to assign C-5 specifically; it was ex- 

pected that C-5 would have a negligible, deuterium-induced, differential, isotope- 

shift effect’7-20 (see Table I). 

Another method that helps in assigning 13C resonances to specific carbohy- 

drate carbon atoms consists of chemical-shift comparisons of various thio sugars 

and also those of the related oxygen analogs; such data are presented in Table II. 

The patterns of chemical-shift difference for various thio sugars (1,9; 2,10; and II, 

16;) are similar to those observed for their oxygen analogs (7, 14; 8, 15; and 15, 

17;). 
These similarities in chemical-shift patterns, along with deuterium-induced, 

differential, isotope-shift effects, and coupling patterns, aided in making the as- 

signments given in Table I. The similarity of the patterns of chemical-shift differ- 



ences also indicates that the conformations of the thio sugars approximate those of 

the oxy sugars. 

In conclusion. we have presented I%_‘-n.m.r.-spectral data for ;I variety of l- 

thio-P-D-aldopyranos~ derivatives and a S-thio-cr-r,-aldopyrano~c. These data will 

facilitate the uw of “C-n.m.r. spectroscopy as an analytical tool for anulysis of thio 

sugars in body fluids, and also have potential use in experiments“ emploving ‘-‘C- 

enriched. thio sugar drugs irr L’~IYI. 
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