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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 replace-
ment may occur at C-1 (to form 1-thioaldoses). C-4 or C-5 within the ring system
{to afford 4-thioaldofuranoses or S-thioaldopyranoses). or at the terminal carbon
atom (to give w-thio sugar derivatives)'. These thio sugars are 1soelectronic with
their oxy homologs. The replacement of an oxygen atom by a 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 mutarotation of the system, and
usually, as in the case of the I-thio- and 5-thio-D-glucoses. only one preponderant,
anomeric state is found in solution'.

Thio sugars are found throughout Nature. For instance. ghycosides of 1-thio-
D-glucose are found in mustard-seed oils and various vegetables. and have been lo-
cated in animal tissue after admimstration of various thio compounds’. {Thio-
glyco)peptides have also been solated from human urine™". w-Thio sugars (termi-
nal dervatives) have been observed m Nature in the torm of natural products, and
as “active” intermediates i chemical reactions, and are also inmvolved in biochemi-
cal methylations’

Recently. thio sugars {(and their derivatives) have been examined as possible
therapeutic agents. Gold(D)-1-thio-p-glucose compounds have been tested as an-
tiarthritic agents' *. Testing of this thio sugar as a possible antileukemia agent has
been conducted?, and it has been shown to stimulate the release of msulin 1n rats”.
5-Thio-D-glucopyranose 15 known to inibit the transport of D-glucose’, and has
been found to kill tumor cells selectively under hypoxie conditions™

In view of the importance of thio sugars, we deaded to obtamn VC-nomur.-
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spectral data for some of these compounds, Presented herein are 13C-n.m.r.-spec-
tral data for 1-thio-B-D-galactose (1), 1-thio-B-D-glucose (9), a 1-thio-B-D-xyloside
(16), and 5-thio-a-D-glucose (18), as well as for some of their derivatives. The
chemical-shift data may facilitate the use of 1>*C-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 vivo
studies of '*C-enriched, thio sugar drugs.

EXPERIMENTAL

Materials and methods. — The 1-thio-B-D-glucose, 1-thio-B-D-galactose, 1-
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-d, were obtained from Cambridge Isotope Laboratories, Cambridge,
MA.

The '*C-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 0.25M (in H,O containing ~5% of D,0) in the pH range of
6.5 to 7.1, unless otherwise stated in the respective Table of data, and temperatures
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of samples were typically 27-31°. The '*C-n.m.r.-spectrum of S-thio-a-D-glucose
was recorded with a JEOL-FX90Q instrument operated at 22.5 MHz. as previously
described”.

Coupling constants ('J¢;) were obtained from the ''C-coupled spectra of
these sugars. as described'”. Chemical shifts are given relative to a trace of internal
1. 4-dioxane, whose chemical shift'' was taken to be 67.86 p.p.m

TABILEI

CARBON-13-N M R CHEMICAT SHIFT DATAY FOR SOME  1-THIO-B-D-ALDOPYRANOSIDES AND S-THIO-a-D-
GLUCOPYRANOST

Compound -/ -2 -7 [ [ -
1 %5.8 77 4 75.1 710 801 627
(150) (143) { 140) (144) {140) (144)
5047 5441 50.13 A0 20 A00 S012
2 K6 8 712 75 4 70.2 <0 ] 62 4
S00 S0 11 6014 S0 11 S003 S0 13
3 [STTRRY TS 75 3 70 1 R0 3 SR
4 857 7004 75 4 02 RO.2 024
5 840 7 75 4 70 3 NG 4 o2
6 88 3 T 76 H 008 st 2 632
74 Y7 7 733 g2 Tl T 2 623
8¢ 1049 NE 734 [RVRN T2 62
RS | a7 78 3 77 Sl 02 6
? (152) (145) (144) (14) (143) (144
8 0.34 8633 S0 16 A0 1% S00 S04
1 85.% 73S 8.7 T N 023
s00 5004 3415 A 0.0 S0 A0 I
11 89 3 779 78.7 708 N 02 3
12 879 7502 S0 0 716 N2 A 03]
13 845 Se 2 77 725 N2 03.4
14 96 5 74K 7o 4 70.5 T b nl 3
157 104 3 N 76 0 008 704 ol v
16 90 1) 734 78,8 T4 0
(156} (145) (14b) (1471 (140)
5002 5023 3020 015 S0m
17¢ 105 1 7402 7604 70 4 o6 3
18 715 FARE 76 7 75 AN} ol 6
(159) (143 (141) LD (141) (145)
A0.13 S 125 S0 15 5023 SH0R S0 10

“Chemucal shifts for these compounds are given at neutral pH (6.5-7.1), except tor 1 (pH 9.0). 9 (pH
8 5). and 18 (pH 5.0). Compounds 6, 12, and 13 were dissolved in CD;0D. because of their low solubil-
ity in H,O. For some of the compounds, the datum in parentheses under the chemical shitt is the coupl-
ing constant (J¢-y) for that carbon atom; the datum under the coupling constant (significd by 8) 15 the
differential isotope-shift (chemucal shift in H.O-D:0) observed for that carbon atom. "The chemical
shift of C-1 15 81 4 p p.m. at pH 6 3 “Assignments may have to he reversed “Data obtamed trom ref
12
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RESULTS AND DISCUSSION

Table I gives the '*C-chemical-shift data, some '*C-'H coupling-constants,
and some deuterium-induced, differential isotope-shift data for 1-thio-g-D-galac-
tose (1), 1-thio-B-D-glucose (9), 1-thio-B-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 '*C-chemical-shift data given in Table I for D-
glucose, D-galactose, and D-xylose were taken from work by Gorin and Mazurek >

The solvent employed for compounds 6, 12, and 13 was CD;0D instead of
H,0-D,0, 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 <1.0 p.p.m. was observed for the chemical shifts of the carbohydrate car-
bon atoms of compound 4 in H,O and CD;0D, 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 deuterium-induced, differential, isotope-shift ef-
fects (see later). Our results agree well with data published for related com-
pounds'*~1°.

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 'Joy 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-1
in the present spectra was based on the larger coupling-constant. The splitting pat-
terns in the '*C 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'”=?°_ Tt 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’” " (see Table I).

Another method that helps in assigning '*C 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 11,
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-
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TABLE I

COMPARISONS OF 13C-CHI MICAL SHIFIS FOR 1-THIOAL DO-PYRANOSES AND -PYRANOSIDES AND THEIR OXY-
GEN ANALOGS

Ad for Carbon arom

indicated compounds C-J -2 -3 -4 -5 -6
(1) — 8(9) 07 ~23 32 07 -1 0 01
3(2) — 8(10) 06 =26 33 0.8 - 1.0 01
3(3) - 8(11) 1a -2 ~32 -0 6 ~0Y [UB
8(3) — o(16) .2 -2 4 33 ~02 10y —

S(1F) — o(16) -0 7 0.0 (.0 04 o 0s
o(7) — a(14) 12 ~1.5 -22 -02 -3 02
5(8) — 8(15) 06 -2 4 — 34 11 -4 7
5(8) ~ 8(17) 02 ~22 -30 (1 6 Hy —

02 00 04 IR —

S(15) — 8(17) 0%

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

In conclusion, we have presented '*C-n.m.r.-spectral data for a variety of 1-
thio-gB-D-aldopyranose derivatives and a S-thio-a-D-aldopyranose. These data will
facilitate the use of '*C-n.m.r. spectroscopy as an analytical tool for analysis of thio
sugars in body fluids, and also have potential use in experiments®' emploving *C-
enriched. thio sugar drugs in vivo.
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