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ABSTRACT

Nitroxide spin-labeled «-D-glycopyranosides were synthesized in good yield
and in a highly stereoselective manner by reaction of per-O-benzyl-«-bD-glycopyranosyl
bromides with 2,2,6.6-tetramethyl-4-piperidinol under the bromide ion-catalyzed
conditions devised by Lemieux et al. After hydrogenolysis, the deblocked inter-
mediates were oxidized to give the desired, spin-labeled z-D-glycopyranosides.
Nitroxide spin-labeled f-p-glycopyranosides, as well as a f-maltoside, were synthesized
by standard methods. The synthesis is also described of 2-amino-2-deoxy-D-glucose
and -p-galactose derivatives having a spin label at C-2, and of the spin-labeled com-
pound l—[4—(/)’—D-g'llactopyranosyloxy)phenyl]-3-(2,2,6,6-tetramethylpiperidin-l-oxyl—
4-yl)-2-thiourea.

INTRODUCTION

Spin labels have been used for studying conformational changes in biological
macromolecules, and the structure and function of membranes. Although many
reagents suitable for the spin-labeling of proteins and lipids are available!'2, there
has not been much recent progress in the synthesis of spin-labeled carbohydrates that
can be used as probes for protein—carbohydrate interactions. A few spin-labeled
carbohydrates have been synthesized. These include 2,2,6,6-tetramethylpiperidin-1-
oxyl-4-yl f-p-galactoside?, 2,2,5,5-tetramethylpyrrolidin-1-oxyl-3-ylmethyl f-chito-
bioside®, the 4-amino-2,2,6,6-tetramethylpiperidin-1-oxyl derivative of sialic acid
in soluble and cell-surface glycoproteins®, and covalent, nitroxide spin-labeled
carbohydrates prepared via s-triazine residues®. The electron paramagnetic resonance
of spin-labeled glycosides could yield valuable information about the environment
of the active site of carbohydrate-binding proteins, and we describe here various
nitroxide spin-labeled glycos?ides. The spin-labeled «-D-glycosides were synthesized
under the bromide ion-cataiyzed conditions described by Lemieux et al.” for the
synthesis of «-D-glycopyranosides. The synthesis of spin-labeled B-glycopyranosides
is rather straightforward. The synthesis of 14 and 15, having the spin label at C-2,
and that of 13, is also described.
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Spin-labeled o-p-glycopyranosides. — The synthetic route originally attempted

for the synthesis of nitroxide spin-labeled «-D-glycopyranosides (2 and 3) involved
the reaction of tetra-O-benzyl-z-D-glucopyranosyl bromide with 2,2,6,6-tetramethyl-
piperidin-1-oxyl, to give the spin-labeled, per-O-benzylated «-D-glycoside 1, followed
by catalytic hydrogenolysis to give the desired, nitroxide spin-labeled «-D-glyco-
pyranoside. However, it was found that nitroxides are readily reduced to secondary
amines during the catalytic hydrogenolysis. When the per-O-benzylated, spin-labeled
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a-D-galactopyranoside 1 was catalytically hydrogenated in the presence of palladium-
on-carbon, the deblocked and reduced compound 5 was obtained.

Accordingly, for the synthesis of nitroxide spin-labeled «-D-glycopyranosides,
the following synthetic scheme was devised. The tetra-O-benzyl-z-D-glycopyranosyl
bromide was treated with 2,2,6,6-tetramethyl-4-piperidinol in the presence of tetra-
ethylammonium bromide and N,N-diisopropylethylamine at room temperature in
the dark. Examination of the mixture by thin-layer chiromatography (t.l.c.) revealed
that the reaction was complete within 48 h; however, a reaction time of 3 days was
used. Because these glycopyranosyl bromides are highly prone to decomposition,
they should be prepared at —34° immediately prior to use. A reaction time of 25 min
is required for the preparation of tetra-O-benzyl-uz-D-galactopyranosyl bromide,
and 1 h for tetra-O-benzyl-a-D-glucopyranosyl bromide. The per-O-benzylated x-D-
glycopyranosides (4 and 6) were isolated as the hydrobromide salts, which can either
be used directly for the following steps or be converted into their (more-stable)
hydrochloride salts. The reactions proceeded in a highly stereospecific manner,
giving better than 989/ of the # anomers. The 'H-n.m.r. spectra were in agreement
with the structures assigned.

The per-O-benzylated «-D-glycopyranosides (4 and 6) were deblocked by
catalytic hydrogenolysis, to yield the corresponding amine hydrobromide salts. 5
and 7. Conversion into their hydrochloride salts gave samples that were analytically
pure. Of all the catalysts tested, the Pearlman catalyst (palladium hydroxide on carbon)
was found to be the most effective. The reaction time, monitored by t.l.c., was 12-24 h.

Oxidation of the deblocked =z-bp-glycopyranosides 5 and 7 with hydrogen
peroxide and sodium tungstate for 3—4 days in the dark afforded the desired nitroxide
spin-labeled «-D-glycopyranosides, 2 and 3, as orange crystals.

To avoid decomposition of the nitroxide spin-labeled glycopyranosides, all
reactions, as well as column-chromatographic purifications, were conducted in the
dark. When pure and crystalline, spin-labeled glycopyranosides appear to be more
stable in the dark.

Spin-labeled B-D-glycopyranosides. — For synthesis of the nitroxide spin-labeled
B-D-glycopyranosides 8 and 10, the corresponding tetra-O-acetyl-a-D-glycosyl
bromide and 2,2,6,6-tetramethylpiperidin-1-oxyl were allowed to react in ethanol-free
chloroform, using several different catalysts for the condensation. In all cases, some
orthoester was formed, and the ratio of glycoside to orthoester is very sensitive to
changes in the conditions used for the condensation step. The best conditions found
for the formation of f3-p-glycosides involve the use either of (a) Ag,COj in ethanol-
free chloroform containing a trace of iodine for 18 h at room temperature, or (b)
Hg(CN), in dry nitromethane. Condensation using Hg(CN),, and N,N-dimethyl-
formamide as the solvent, gave the orthoester in high yield.

The per-O-acetylated f-D-glycosides (9 and 11) were O-deacetylated in the
standard way with methanolic sodium methoxide, to yield the desired nitroxide
spin-labeled f-p-glycopyranosides (8 and 10).

The spin-labeled f-maltoside (12) was synthesized by condensing hepta-O-
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acetylmaltosyl bromide with 2.2.6,6-tetramethylpiperidin-1-oxyl in ethanol-free
chloroform in the presence of silver carbonate and a trace of iodine as catalyst. The
purified, per-O-acetvlated fi-maltoside. isolated as a red syrup, was O-deacetylated,
to give the desired spin-labeled f-maltoside (12).

Amino glycosides having spin labels at C-2. — Compounds 14 and 15 were
synthesized by heating (under reflux) the corresponding methyl 2-amino-2-deoxy-#-b-
alvcopyranosides and 4-isothiocyanato-2,2,6,6-tetramethylpiperidin-1-oxyl in ethanol.
After purification by column chromatography, the desired spin-labeled compounds
(14 and 15) were obtained as yellow crystals in ~60 Y% yield.

Compound 13 was prepared by refluxing p-aminophenyl -p-galactopyranoside
with 4-isothiocvanato-2.2,6.6-tetramethylpiperidin-l-oxyl. Upon purification by
column chromatography, compound 13 was isolated as an orange solid in 65 Y yield.

Hydrolvsis of spin-labeled o~ and -D-glveopyranosides with «- and 3-D-galactosi-
dases. — The spin-labeled glycopyrancsides were incubated with «- or fi-pD-galactosi-
dase at 37°, and aliquots were spotted on t.l.c. plates at various time-intervals. The
reaction products were detected with aniline spray (aniline and diphenylamine, in
acetone), as this reagent does not develop the citrate buffer used in the reaction.

Hydrolysis of spin-labeled z-pD-galactosides to b-galactose and the spin label
was complete within 12 h, in agreement with the assigned structures. In the case of
B-D-galactopyranosides, complete hydrolysis was accomplished with f3-p-galactosidase.

EXPERIMENTAL

General methods. — Evaporations were conducted under diminished pressure
at 25° in a rotary evaporator. Melting points are uncorrected. T.l.c. was performed
on precoated plates of silica gel G-60 (Brinkmann Instruments, Inc.); compounds
were detected with a spray containing 5%, each of ammonium molybdate, phosphoric
acid, and sulfuric acid, followed by heating the plates for 10 min at 140°. Alternatively,
plates were sprayed with 1Y, potassium permanganate in 109, sodium carbonate;
the developing solvents were as specified. Silica gel 60 (0.063-0.2 mum particle size.
70-230 mesh), used for all column chromatography, was supplied by Brinkmann
Instruments. Molecular sieve was activated by heating for 12 h at 150° before use.
Anhydrous dichloromethane was prepared by distilling from phosphorus pentaoxide,
and storing over molecular sieve 4A. Before use, chloroform was dried over molecular
sieve 4A, and passed through a column packed with reagent-grade alumina. Al
catalytic hydrogenations were performed at atmospheric pressure, using palladium
hydroxide on carbon (the Pearlman catalyst), supplied by Aldrich Chemical Company.
2,2.6,6-Tetramethyl-4-piperidinol, tetraethylammonium bromide, and N,N-diiso-
propylethylamine were purchased from Aldrich Chemical Company. 4-Amino-
2.,2.6.6-tetramethylpiperidine was obtained from the Eastman Kodak Co. 2,3,4,6-
Tetra-O-benzyl-o-p-glucopyranose was purchased from Pfanstiehl Laboratories, Inc.

Tetra-O-benzyl-u-D-glucopyranosyl bromide. — 2,3,4,6-Tetra-O-benzyl-«-D-
glucose was converted into crystalline tetra-O-benzyl-D-glucopyranosyl p-nitrobenzo-
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ate by the procedure described by Glaudemans and Fletcher®. Although the anomers
can be separated by recrystallization, the %, mixture was found suitable for subsec-
quent reactions. Ishikawa and Fletcher® described the conversion of tetra-O-benzyl-z-
D-glucopyranosyl p-nitrobenzoate into tetra-O-benzyl-z-b-glucopyranosyl bromide.
Because the compound is highly unstable, it was prepared just prior to each use, as
follows. To a solution of dry tetra-O-benzyl-D-glucopyranosyl p-nitrobenzoate
(3.6 g) in dry dichloromethane (30 mL) cooled to —35° was added dry dichloro-
methane (15 mL) presaturated with hydrogen bromide at 0°, and the mixture was
stirred for 1 h at —335°. The precipitated p-nitrobenzoic acid was filtecred off, and the
filtrate was successively washed rapidly with cold water (2 x 200 mL) and saturated
sodium hydrogencarbonate (I x 200 mL), dried in the cold (sodium sulfate), and
the suspension filtered (molecular sieve). The cold solution was concentrated to a
small volume to give pure glycosyl bromide, as checked by t.l.c. with 3:7 ethyl
acetate-hexane (Rg 0.5).

Tetra-O-benzyl-u-D-galactopyranosy! bromide. — Crystalline 2.3.4,6-tetra-O-
benzyl-z-D-galactose was synthesized from methyl 2,3,4,6-tetra-O-benzyl-z-p-galacto-
pyranoside by adopting the method described for tetra-O-benzyl-z-pD-glucopyranose®.
The syrup was purified by column chromatography, with 50:15:1 chloroform-iso-
octane~methanol as the developing solvent, and crystallized from ether—petroleum
ether. The syrup was converted into 2,3,4,6-tctra-O-benzyl-fi-n-galactopyranosyl
p-nitrobenzoate®-'°, and the resulting solid was recrystallized from ether—cthanol-
petroleum ether. [t had m.p. 105-106°, and gave a single spot in t.l.c. with 200:60: 1
chloroform-isooctane-methanol (R 0.3).

The ester was converted into the glvcosyl bromide as described for the synthesis
of tetra-O-benzyl-z-p-glucopyranosyl bromide. except that the reaction time was
25 min. As the compound is highly susceptible to decomposition. it was prepared
immediately before use. It gave a single spot in t.l.c. with 3:7 ethyl acectate-hexane
(R 0.4).

4-Hydroxy-2,2,6,6-tetramethyvipiperidin-I-oxvl. — To a solution of 2.2,6.6-
tetramethyl-4-piperidinol (3 g, 19.1 mmol) in water (40 mL) were added, with stirring,
30%, hydrogen peroxide (4 mL), sodium tungstate (0.2 g, 0.6 mmol) and Trilon B
(EDTA, tetrasodium salt; 0.2 g). The red solution was kept for 5 days at room
temperature, saturated with potassium carbonate, repeatedly extracted with ether
(250 mL), and the extracts dried (potassium carbonate), and evaporated to dryness.
The residue crystallized from 2:1 ether—hexane, to give the title compound in 859
yield as orange crystals, m.p. 68-69° (lit.'* m.p. 71.5°); it migrated as a single compo-
nent in t.l.c. in 25:1 chloroform-ethanol, R 0.8; in 3:7 ethyl acetate—hexane, Rg 0.2,

2,2,6,6-Tetramethylpiperidin-1-oxyl-4-yl a-p-galactopyranoside (2). — (a) By
glycosyilation of 4-hydroxy-2,2,6,6-tetramethylpiperidin-1-oxyl with retra-O-benzyl-=-
D-galactopyranosyl bromide to give 2,2,6,6-tetrametiiyvipiperidin-1-oxyI-4-yvI tetra-O-
benzyl-a-p-galactopyranoside (1). To a mixture of 4-hydroxy-2,2,6,6-tctramethyl-
piperidin-1-oxyl (1.2 g, 1 mmol), tetracthylammonium bromide (0.42 g, 2 mmol),
N, N-diisopropylethylamine (0.13 g, 1 mmol), and molecular sieve (2 g) in dichloro-
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methane (10 mL) was added tetra-O-benzyl-z-p-galactopyranosyl bromide (1.2 g,
2 mmol), with stirring, and the mixture. protected from moisture, was stirred in the
dark for 18 h at room temperature. The molecular sieves were filtered off, and the
filtrate, diluted with dichloromethane, was successively washed with water. cold
dilute acid, sodium hydrogencarbonate solution. and water, dried (sodium sulfate),
and evaporated to a red syrup which was purified by column chromatcgraphy using
3:7 ethyl acetate-hexane as the solvent. The pure product solidified on standing in
the cold, and, on recrystallization from ether—petroleum ether, yielded 1 as pink
crystals (779 vield). m.p. 73-74°. It gave a single, u.v.-positive spot in t.l.c. using
3:7 ethyl acetate-hexane (Rg 0.3) as the developing solvent.

Anal. Calc. for Cy3H;5,NO;: C, 74.26; H, 7.50: N, 2.02. Found: C, 74.13;
H, 7.50; N, 2.00.

(b) By glycosviation of 2.2,6.6-tetramethyl-4-piperidinol ro give 2,2,6,6-tetra-
methyipiperidin-4-y{ tetra-O-benzyl-a-pD-galactopyranoside hiydrobromide (4). A mixture
of tetra-O-benzyl-x-D-galactopyranosyl bromide (1.2 g, 2 mmol), 2,2,6,6-tetramethyl-
4-piperidinol (0.16 g, 1 mmol), N, N-diisopropylethylamine (0.13 g, | mmol), tetra-
ethvlammonium bromide (0.42 g, 2 mmol), and molecular sieve (2 g) in dichloro-
methane (10 mL) was stirred for 2 days at room temperature, the molecular sieve
was filtered off, and the filtrate diluted with dichloromethane, washed with water,
dried (sodium sulfate), and evaporated to a syrup which was purified by column
chromatography with 10:3:1 chloroform-isooctane—methanol as the eluant. The
product, isolated as the hydrobromide salt in 83.7 %] vield, crystallized from ethanol-
petroleum ether, and could be used as such for the oxidation step. It was chromato-
graphically homogencous (9:6:1:3 butanol-acetic acid-water—ether). Rg 0.8;
29:6:0.6 chloroform-methanol-water, R 0.7.

Conversion into its hydrochloride salt yielded crystals. A solution of 4 in
dry dichloromethane was acidified with dry, methanolic hydrogen chloride, and
evaporated. and the resulting syrup crystallized. The crystals were filtered off, washed
with ether, and recrystallized from ethanol: m.p. 228-230°.

- Anal. Cale. for C 3H,CINOg - H,O: C, 70.32; H, 7.68; Cl, 4.80; N, 1.90.
Found: C, 69.88; H, 7.20; Cl, 5.05: N. 2.02.

Hydrogenolyvsis of per-O-benzylated glycosides. Hydrogenolysis of both 2,2,6,6-
tetramethylpiperidin-1-oxyl-4-yl tetra-O-benzyl-#-D-galactopyranoside (1) and 2,2,6.6-
tetramethylpiperidin-4-yl tetra-O-benzyl-«-D-galactopyranoside (4) gave 2.2,6,6-
tetramethylpiperidin-4-vl z-D-galactopvranoside (5). The hydrogenclysis of com-
pound 4 is described. To a 1 % solution of per-O-bznzylated glycoside 4 in methanol
was added an equal amount of the Pearlman catalyst, and the compound was hydro-
genolyzed for 20 h at atmospheric pressure and room temperature, with stirring. The
suspension was filtered, and the filtrate was evaporated to a syrup which, treated with
ethanol-ether, gave amorphous, hygroscopic material in 959, yield. The 'H-n.m.r.
spectrum was in agreement with the structure assigned. An analytical sample was
obtained by converting 5 into its hvdrochloride salt. A methanolic solution of 5
was acidified with dry, methanolic hydrogen chloride, evaporated to dryness, and
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the solid extracted with ether: an amorphous, hygroscopic material was obtained
from ethanol-ether.

Anal. Calc. for C;sH;3;oCINOg: C, 50.63; H, 8.50: ClI, 9.96: N, 3.94. Found:
C, 50.22: H, 8.37;: Cl, 9.45: N, 3.74.

Oxidation of deblocked glycosides. To a solution of 2,2,6,6-tetramethylpiperidin-
4-yl z-D-galactopyranoside hydrobromide (5; 100 mg, 0.25 mmol) in water (5 mL)
were added 309 hydrogen peroxide (I mL), sodium tungstate (50 mg), and Trilon B
(50 mg). The orange solution was kept in the dark for 4 days, the hydrogen peroxide
was decomposed with catalase (bovine liver, Cal BioChem-Behring Corp.), and the
mixture evaporated to dryness several times with ethanol. Compound 2 was extracted
from the salts with methanol, and the extract evaporated; the red syrup resulting
was further purified by chromatography on a column (1 x 49 cm) of silica, with
29:10:1 chloroform— methanol-water as the eluant, yielding a syrup that. from cold
ethanol-ether, gave pink crystals in 6097 yield, m.p. 174-176°. It gave a single, u.v.-
positive spot in t.l.c. (29:10:1 chloroform-methanol-water), Rg 0.45.

Anal. Calc. for C,;H,3gNO,: C, 53.88; H, 8.44: N, 4.19. Found: C, 53.90:
H. 843: N, 4.15.

2,2,6,6-Tetramethylpiperidin-1-oxyl-4-vl «-D-glucopyranoside (3). — The reac-
tion of tetra-O-benzyl-x-p-glucopyranosyl bromide with 2,2,6,6-tetramethyl-4-
piperidinol gave an 88.4%; yield of crystalline 2,2.6,6-tetramethylpiperidin-4-yl tetra-
O-benzyl-a-b-glucopyranoside hydrobromide (6). Recrystallization from ethanol-
petroleum ether yielded an analytical sample, m.p. 183-185°.

Anal. Cale. for C,;3H53.BrNOg: C, 67.90: H, 7.15; N, 1.84. Found: C, 67.40;
H, 7.04: N, 1.86.

Hydrogenolysis provided an 839 yield of crystalline 2,2,6,6-tetramethyl-
piperidin-4-yl «-D-glucopyranoside hydrobromide (7). Conversion into its hydro-
chloride salt, and recrystallization thereof from ethanol-ether, gave a hygroscopic
sample, m.p. 221-223°,

Anal. Calc. for C;sH;,CINOg - H,O: C, 48.18; H, 8.62; CI, 9.50; N, 3.70.
Found: C, 47.98; H, 8.02; CI, 10.06; N, 3.60.

The oxidation proceeded in 589 yield, to provide a light-orange, crystalline
product that was recrystallized from ethanol; m.p. 164-165°; t.l.c. in 29:10: 1 chloro-
form—methanol-H,O0, Ry 0.5.

Anal. Calc. for C;;H,3gNO, - H,0: C, 51.12; H, 8.50; N, 3.97. Found: C, 51.29;
H, 8.01: N, 4.06.

2.2,6,6-Tetramethylpiperidin-1-oxyl-4-y! ~-pD-glucopyranoside (8). — A solution
of tetra-O-acetyl--D-glucopyranosyl bromide'* (2 g, 4.9 mmol) in dry, ethanol-
free chloroform (5 mL) was added to a stirred mixture of silver carbonate (1.6 g,
5.8 mmol), iodine (50 mg), molecular sieve 4A (5 g), 4-hydroxy-2,2,6,6-tetramethyl-
piperidin-l-oxyl (0.95 g, 5.5 mmol), and dry, ethanol-free chloroform (20 mL). The
mixture was stirred in the dark for 18 h, and filtered through Celite, and the filtrate
was washed with water (100 mL), dried, and evaporated to a red syrup. Chromato-

graphy on a column (19 x 1 cm) with 4:1 dichloromethane—ether as developing
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solvent gave a red syrup which solidified from ether. It gave a single spot in t.l.c.
with 4:1 dichloroethane—ether as the developing solvent (R 0.3).

A solution of the per-O-acetyl glycoside 9 in anhydrous methanol (3 mL)
was cooled, and freshly prepared M sodium methoxide was added until the solution
was basic to litmus paper. The solution was kept in the cold for 12 h, evaporated to
a red syrup, and the deacetylated compound purified by column chromatography,
with 29:10:1 chloroform—methanol—water as the developing solvent. The fractions
having Rg 0.7 were combined, and evaporated, giving a red syrup (21 9/, overall yield)
which, on trituration with ether, gave amorphous material.

Anal. Calc. for C, H,gNO;: C, 53.88: H, 8.44; N, 4.19. Found: C, 53.20:
H. 8.21: N, 4.03.

2.2.6.6-Tetramethylpiperidin-1-oxyi-4-y! f-D-galactopyranoside (10). — A
mixture of tetra-O-acetyl-f-D-galactopyranosyl bromide'* (2.2 g, 5.4 mmol), 4-
hydroxy-2,2,6.6-tetramethylpiperidin-l-oxyl (1.2 g, 6.9 mmol), mercuric cyanide
(1.5 g. 6.0 mmol), and freshly distilled and dried (magnesium sulfate) nitromethane
(20 mL) was stirred for I8 h. The suspension was filtered through Celite, and the
filtrate was evaporated to a red syrup. A solution of the syrup in chloroform was
washed well with water, dried, and evaporated to a red syrup which was chromato-
graphed with 100:30:3 chloroform—isooctane-methanol as the developing solvent.
The combined fractions having Rg 0.3 gave pink crystals (0.7 g, 269 yicld) from
ether—petroleum ether. Deacetylation of the per-O-acetyl D-galactoside 11 with sodium
methoxide in dry methanol gave compound 10 as a red syrup which was purified by
column chromatography with 29:10:1 chloroform-methanol-water as the eluant.
The fractions having Ry 0.65 were combined, and evaporated to a red syrup which
solidified on trituration with ether, to yield an amorphous, red material in 179 yield.

Anal. Calc. for C,;H,gNO,: C, 53.88:; H, 8.44; N, 4.19. Found: C, 533.92;
H, $.41; N, 4.13.

2,2,6.6-Tetramethyl-4-piperidin-1-oxyl-4-yl  f-maltoside (12). — Hepta-O-
acetylmaltosyl bromide was prepared from octa-O-acetyl-f-maltose'® by treatment
with hydrogen bromide in acetic acid!*. A mixture of this bromide (1.4 g, 2.04 mmol),
4-hydroxy-2,2,6,6-tetramethylpiperidin-l-oxyl (0.45 g, 2.6 mmol), silver carbonatc
(3.0 g, 10 mmol). iodine (50 mg), and molecular sieve (5 g) in dry, ethanol-free
chloroform (25 mL) was stirred in the dark for 18 h, filtered, and the filtrate washed
with water, dried, and evaporated to a red syrup which was purified by column
chromatography with 100:30:3 chloroform-isooctane-methanol as the eluant. The
fractions having Ry 0.2 were combined, and evaporated to a red syrup (179 vield).

The per-O-acetylated maltoside was deacetylated with sodium methoxide in the
usual way, and purified by column chromatography with 30:4:1 chloroform—
methanol-water as the eluant. The fractions having Rg 0.4 were combined, and
evaporated to a syrup which solidified from ether to give a light-orange, amorphous
material (559 yield).

Anal. Cale. for C,,H33NO,, - H,0: C, 49.02; H. 7.83: N, 2.72. Found: C,
49.07; H, 7.65; N, 2.48.
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4-Isothiocvanata-2,2,6,6-tetramethyvipiperidin-1-oxyl. — 4-Amino-2.2 6.6-tetra-
methylpiperidine was acetylated'? (yield 95%). The resulting 4-acctamido-2,2.6.6-
tetramethylpiperidine was treated with hydrogen peroxide in the standard way''.
to give crude 4-acetamido-2,2,6.6-tctramethylpiperidin-l-oxyl. which was then
hydrolyzed with potassium hydroxide, to give crude 4-amino-2.2.6.6-tetramcthyl-
piperidin-1-oxyl. This was distilled in vacuo. and the fraction having b.p. 97-98°/4
mm Hg was obtained as hygroscopic needles in 729, yield, m.p. 32-34° (lit.'* m.p.
34-35°).

To a solution of 4-amino-2.2.6,6-tetramethylpiperidin-l1-oxyl (3.75 mmol)
in 5% sodium hydroxide (15> mL) was added freshly distilled thiophesgene (3.7 mmol)
during 135 min; the mixture was stirred for 10 min. and the orange precipitate resulting
was filtered off. washed three times with cold water. and dried under vacuum over
phosphorus pentaoxide, to give a red powder, m.p. 106-110° (lit.'® m.p. 107-112°).
in 659 vield.

I-[4-(B-D-Galuctopyranosyloxy)phenyl }-3-( 2. 2.6 .6-totramethylpiperidin- 1 -oxyl-
4-y1)-2-thiourea (13). — A 1% solution of p-nitrophenyl ff-p-galactoside in methanol
was hydrogenated in the presence of 107, palladium-cn-charcoal at room temperature
and atmospheric pressure, the suspension filtered, and the filtrate evaporated. to
afford chromatographically pure p-aminophenyl fl-p-galactopyraneside (t.le. in
1:2 chloroform—mecthanel, R 0.8).

A solution of p-aminophenyl f-p-galactopyranoside (0.14 g, 0.52 mmol) and
4-isothiocyanato-2.2.6.6-tetramethylpiperidin-t-oxyl (0.11 g, 0.52 mmol) in cthanol
(30 mL) was boiled for 1 h under reflux. The red solution was cvaporated to a svrup
which was purified by column chromatography with 1:1 chloroform-methanol as
the eluant. The fractions having R, 0.6 werc combined. and cvaporated to a syrup
which, on trituration with ether. gave a light-orange solid in 63", vield.

Anal. Calc. tor C,,H;,N;0,5- H,O: C. 5247: H, 7.22: N, 8.32: S, 6.38.
Found: C, 51.91; H, 6.93: N, 7.85: §, 6.22.

1-(Methyl  2-deoxy-z-D-glucopyranosid-2-v1)-3-(4-isothiocyanato-2.2,6.6-tetra-
methylpiperidin-1-oxyi-4-y1)-2-thiourea (1£). — A solution of equimolar amounts of
methyl 2-amino-2-deoxy-z-p-glucopyranoside and 4-isothiocyanato-2,2,6.6-tetra-
methylpiperidin-1-oxyl (0.3 mmol) in cthano! (2.5 mL) was boiled under reflux for
30 min, to give a red solution that was cvaporated to a syrup: this was purified by
column chromatography with 9:1 dichloromethane—methanol as the cluant. The
fractions having R;- 0.7 were combined. and evaporated to a red syrup which crystai-
lized from ethanol-ether—petroleum ether to yield analvtically pure. vellow crvstals
in 57%, yield; m.p. 190-192°.

Anal. Calc. for C,;H;,N;04S: C, 50.23: H, 7.93: N, 10.34; S. 7.85. Found:
C, 50.27: H, 8.07; N, 10.22: S. 7.97.

1-(Methyl 2-deoxyv-a-v-galactopyranosid-2-yl)-3-(4-isothiocvanato-2.2,6,6-retra-
methyipiperidin-1-oxvl-4-y1)-2-thiourea (15). — The procedure described for the
synthesis of 14 was applied to vield compound 15 in 39%; vield, as a light-orange
solid from methanol-cther.
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Anal. Cale. for C,5H;,N;04S: C, 50.23: H, 7.93; N, 10.34. Found: C, 49.60;
H. 7.84: N. 9.62.

Hydrolvsis of spin-labeled glycosides with 2- or B-D-galactosidase. Coffee-

ean z-D-galactosidase [EC 3.2.1.22; 5 mg/mL in (NH,),SO, suspension, 10 units/
mg | was purchased from Boehringer—Mannheim. f3-p-Galactosidase (bovine testicle,
EC 3.2.1.23) was prepared by the mcthod of Distler and Jourdian'?. Digestions with
galactosidasc were conducted in a total volume of 0.2 mL containing 0.05M citrate,
buffer, pH 4.3 (for f-p-galactosidase) or pH 6.1 (for z-D-galactosidase), spin-labeled
alveoside (1 mg). and 0.1 unit of fi-b-galactosidase or 0.2 unit of z-D-galactosidase.
Samples were incubated at 37°, and aliquots (5 uL) were spotted from the reaction
mixture onto t.l.c. plates at various time-intervals. Plates were developed with 9:6:3: 1
butancl-acetic acid-cther—water, and the spots were detected by spraying with a
solution containing aniline (4 mL). diphenylamine (4 g), acetone (200 mL), and
S5, H,PO. (30 mL). and heating for 10 min at 140°.

Hydrolysis of spin-labeled z-D-galactosides was complete within a 12-h period
of incubation. In the case of fi-p-galactosides. the hydrolysis was incomplete using
fi-p-galactosidass (bovine testicle). However, complete hydrolysis was achieved on
using f-p-galactosidase (from Escherichia coli, Boehringer—-Mannheim) by the
procedure of Struve and McConnell®.
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