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ABSTRACT 

Treatment of pentoses and some hexoses with potassium cyanate in aqueous solutions, buffered with 

sodium dihydrogen phosphate or ammonium chloride, gave glycosylamine I ,2-(cyclic carbamates) {glyco- 

furano(or pyrano)[l,2-d]oxazolidin-2-ones}. Most of the products had furanoid structures, but D-mannose 

and D-lyxose gave preponderantly pyranose derivatives. Epimerisation at C-2 was observed in certain 
reactions. The products and their acetylatedderivatives were character&d by ‘H-and “C-n.m.r. spectrosco- 

PY. 

INTRODUCTION 

Cyclic carbamates (glyco-oxazolidin-2-one derivatives) of amino sugars have 
attracted interest since they enable simultaneous protection of amino and hydroxyl 
groups’. These compounds, as well as the analogous cyclic urea derivatives which are 
potential components of some aminoglycoside antibiotic?, are accessible easily by a 
one-pot procedure4.’ starting from azido sugars. IIowever, the easy accessibility ofcyclic 
1,2-thiocarbamates of glycosylamines by the reactionh of sugars with potassium thio- 
cyanate under strongly acidic conditions prompted a study of the reaction of aldoses 
with potassium cyanate, expected to afford the corresponding oxazolidin-2-ones. 

RESULTS AND DISCUSSION 

2-Amino-2-deoxy-o-glucose hydrochloride reacted’ with potassium cyanate to 
give the imidazolidin-2-one derivative. Similar treatment of aldoses with aqueous 
potassium cyanate gave complex mixtures due to the alkalinity of the solution (pH 
9+ 12.5). However, when an aqueous solution of I>-glucose and potassium cyanate (1.5 
mol) was buffered with either sodium dihydrogen phosphate (0.55 mol, pH 7) or 
ammonium chloride (1.5 mol, pH 7) then, after reaction for 6 h at 60°, 3(r34% of 
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r-u-Flucofuranosylalnine 1+ 7-(cyclic carbamate) (1) w;as obtained. The “C-n.m.r. spec- 

trum of the reaction mixture revealed much unreacted glucose even after prolonged 
reaction. Compound 1 was identical with the product obtained by desulfuration of the 
thiocarbamate” 2 with hydrogen peroxide, and its structure was corr~~horated h>- the ‘IH- 
and “C-n.m.r. data (Tables I and 11 j. The ./? t ~:aIuc of 0 137 is charaitcristic for the 
furanoid structure with the rrc//l.i-~rrran~ctnent of 11-2.3. as i;>und” for 2. 

According to the physical and n.m.r. data reported. 1 \s;zs isolated” from the 
acid-catalysed reaction of rt-glucose with urea hut a pyranoid structure was assigned 
incorrectly. The chemical shifts for the resonances of C-4 and C-5 irk i are (S 7X.31 and 
68.4C_ respectively (Table !l). in good agreement \vith the ‘C-n.m.li- dat;i ~11. I hc 

andogous imidazr>lidin-?-olle derivative”‘. 
Treatment of 1 with acetic anhydride pyridine at 0 effected only O-acet! lation 

and atTorded 3, as shown b> the ‘H-n.m.r. data (Table III: Ii s at 6 Z.lO.S. 7.085. and 
2.040. for 3 AcO). I-lowever. treatment of 1 with hot acetic anhydride sodium acetate 
gave the .Y-acet\;l-tri-O-acetic dcrivativc4 as shown b!, the additional signs1 for N:tc (5. 
(i2.545). In accord with the furanoid struct urc. acetylation c;~used small &W nfield shifts 
(0.45 and 0.41 p.p.m._ respectively) for the resonance of H-3 t>uI significant &il‘ts I, I .?il 
and I .39 p.p.m, respectively) fbr the resonance of I I-5 in 3 and 4. ~l’ht; ‘C‘-n.m.r data 
(Table [V) provided furthrr proof!‘or the structures of3 :tntl 4, M.hlch \vt’r~ lhrntulateti 
incorrectly earlierh. 
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0 

12 R = H 14R = H 16R=H 
13 R = AC ISR = AC 17 R= AC 

ROti?’ 

NR 

18R = H 

19 R = AC 

20 R = H 

21 R= AC 

r OH 

I 
H-C-N==C=C , 

I 
HCOH 

I 
HOCH 

I 
HCOH 

I 
HCOH 

I I 
CHzOH 

22 

the physical data, the ribose derivative 14 is identical with the compound described by 
Pithova et al.“. The structure of 14 has been corroborated by X-ray crystallography”. 
The characteristics of the L-arabinose derivatives 16 and 17 correspond well with those 
of the D enantiomers14. 

The reaction of D-lyxose with potassium cyanate (1.5 mol) gave a complex 
mixture even in buffered solutions. In the presence of ammonium chloride (1.5 mol), 
three cyclic carbamates were isolated, namely, the D-xylose derivative 12 (3%), formed 
by 2-epimerisation, the D-lyxopyranose derivative 18 (22%) and the D-lyxofuranose 
derivative 20 (6%). When sodium dihydrogen phosphate was used as a buffer in the 
usual ratio (0.55 mol), a multicomponent mixture of products was obtained. However, 
if the molar ratio of the phosphate was increased to 1.5,18 was almost the sole product 
and could be isolated by crystallisation in a yield of 36% 

The structures of 18 and 20 and the respective triacetates 19 and 21, were 
established by ‘H- and 13C-n.m.r. spectroscopy (Tables I-IV). The resonance of H-4 was 
shifted downfield by 1.34 p,p.m. in the conversion 18-19 (pyranoid system), but only 
by 0.40 p.p.m. in the conversion 20-+21 (furanoid system). The signal for C-l exhibited 
a markedly lower chemical sliift in the pyranosyl(s7,18, and 19) than in the furanosyl 
cyclic carbamates (1, 3, 4, 817, 20, and 21) in accord with the 13C-n.m.r. data” of 
aldopyranoses, aldofuranoses, and their acetylated derivatives, the spectral dataI of 
which were the basis for ‘“C assignments in Tables II and IV. 

The fact that D-mannose and D-lyxose form pyranosyl 1,2-cyclic carbamates can 
be attributed to the steric interaction of the 3,4+ubstituents with the oxazolidine ring in 
the furanoid structure. The large values of J,,2 in the lyxopyranose derivatives (5.3 and 
5.8 Hz in 18 and 19, respectively) suggest significant flattening of the pyranoid ring, 
which was proved by X-ray diffraction studiesI of 18. 
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water)}; I$,“: 1730 cm-’ (CO). Compound 1 was identical with “p-hydroxyglucoxazo- 
lin” prepared according to the procedure reported’. 

(b) D-Glucose (1.62 g, 9 mmol), when treated by the general procedure (b), gave 1 

(0.55 g, 30%), m.p. 181-184” (from ethanol). 
The triacetate (3, 57%) of 1 had R, 0.2 (solvent B), m.p. 109-l 11” (from water), 

[a], i-63” (c 2.2, chloroform) {lit.8 m.p. 139”, [cr]n t-58.86” (chloroform)}; vzfi 3400 
(NH), 1780-1720 cm-’ (carbamate CO, AC). 

Anal.Calc.forC,,H,,NO,:C,47.l3;H,5.l7;N,4.23.Found:C,47.0l;H,5.3l;N, 
4.09. 

The tetra-acetyl derivative (4,83%) of 1 had R, 0.4 (solvent B), R, 0.7 (solvent C), 
m.p. 93-95” (from ethanol), [a], + 109” (c 1, chloroform) {lit.* m.p. 95”, [a],, + 104.8” 
(chloroform)} VP:; 1800 ( cdr ’ b amate CO), 1760 (OAc), 1730 cm-’ (NAc). 

Reaction of D-mannose with potassium cyanate. - (a) Reaction of D-mannose 
(1.35 g, 7.5 mmol) by the general procedure (a) gave (t.1.c.) a mixture of two main 
products withRi, 0.65 and 0.4, together with D-mannose, R, 0.3 (solvent A). Column 
chromatography (solvent A) of the mixture afforded, first, 1 (348 mg, 23%) and then 
P-D-mannopyranosylamine 1,2-(cyclic carbamate) (5, p-D-mannopyrano[ 1,2-d]oxazoli- 
din-2-one) (328 mg, 21%) R, 0.4 (solvent A), m.p. 176179” (fromethanol), [c(]n -40” (c 
2.1, water);vz,B: 1710 cm-~’ (CO). 

Anal.Calc.forC,H,,NO,:C,40.98;H,5.40;N,6.83.Found:C,41.07;H,5.60;N, 
6.69. 

(b) Treatment of D-mannose (1.62 g, 9 mmol) by the general procedure (b), with 
column chromatography (solvent A) of the product, yielded, first, 1 (45 mg, 2%) and 
then 5 (605 mg, 33%). 

The tetra-acetyl derivative (6, 67%) of 5 had R, 0.25 (solvent B), m.p. 133-l 34” 
(from ethanol), [a], - 105” (c 1, chloroform); vk,“: 1790 (carbamate CO), 1720 (OAc), 
1710 cm-’ (NAc). 

Anal. Calc. for C,,H,,NO,,: C, 48.26; H, 5.13; N, 3.75. Found: C, 48.45; H, 5.53; 
N, 3.49. 

The triacetate (7, 82%) of 5 had R, 0.1 (solvent B), m.p. 203” (from ethanol), [LX],, 
-66” (c. 1, chloroform); vzti 3260 (NH), 1730 cm-’ (carbamate CO, AC). 

Anal.Calc.forC,,H,,NO,:C,47.13;H,5.17;N,4.23.Found:C,47.07;H,5.25;N, 
4.50. 

Reaction qf I>-galactose with potassium cyanate. ~~ (a) D-Galactose (1.35 g, 7.5 
mmol), when treated by the general procedure (a), gave (t.1.c.) two main products (R, 0.6 
and 0.4) several by-products, and D-galactose, R, 0.35-0.25 (solvent A). Column 
chromatography (solvent A) of the mixture afforded, first, z-D-galactofuranosylamine 
1,2-(cyclic carbamate) (8, cc-r>-galactofurano[l,2-d]oxazolidin-2-one), as a syrup (3 15 
mg, 20.5%) R, 0.6 (solvent A), [CL], +7” (c 2.8, methanol);vzE 1720 cm-’ (CO). 

Anal.Calc.forC,H,,NO,:C,40.98;H,5.40;N,6.83.Found:C,41.15;H,5.6l;N, 
6.60. 

Eluted second was /?-o-talofuranosylamine 1,2-(cyclic carbamate) (10, p-D-talo- 
furano[l,2-d]oxazolidin-2-one) (209 mg, 14%) R, 0.4 (solvent A), m.p. 134” (from 
ethanol), [a],, - 103” (c 1, methanol); vi:: 1700 cm-’ (CO). 
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Anal.Calc.forC,H,NO,:C,41.15;H, 5.18;N,8.00. Found: C,40.98;H,4.9l;N, 
8.03. 

The triacetyl derivative (17, 71%) of 16 had R, 0.35 (solvent B), m.p. 75”, [~]n 
+ 104” (c 2, chloroform) (lit.14 for the D enantiomer, m.p. 8(r81”, [cr]n - 109” (chloro- 
form)}; vz:‘3 1790 (carbamate CO), 1730 (OAc), 1720 cm- ’ (NAc). 

Anal. Calc. for C,,H,,NO,:C, 47.84; H, 5.02; N, 4.65. Found: C, 48. I 1; H, 5.25; N, 
4.48. 

Reaction of D-/yxose withpotassium cyanate. - (a) Reaction of D-lyxose (1.35 g, 9 
mmol) by the general procedure (b) gave (t.1.c.) a complex mixture that contained 
products with R, 0.7,0.6, and 0.5, together with D-lyxose, R, co.4 (solvent A). Column 
chromatography (ethyl acetate-ethanol, 4: 1) of the mixture gave, first, 12 (47 mg, 3%), 
R, 0.7 (solvent A), m.p. 126128” (from ethanol), identical with the product described 
above. 

Eluted second was B-D-lyxopyranosylamine 1,2-(cyclic carbamate) (18, /I-D-lyxo- 
pyrano[l,2-d]oxazolidin-2-one) (346 mg, 22%), R, 0.6 (solvent A), m.p. 148-150” (from 
ethanol), [o(]n - 120” (c 1.1, water); vi:; 1720 cm ’ (CO). 

Anal. Calc. for C,H,NO,: C, 41.15; H, 5.18; N, 8.00. Found: C, 41.02; H, 5.50; N, 
7.89. 

Eluted third was syrupy B-D-lyxofuranosylamine 1 ,Z(cyclic carbamate) (20, 
/?-D-lyxofurano[l,2-d]oxazolidin-2-one) (91 mg, 6%), R, 0.5 (solvent A), [~]n - 39” (c 

2.5, water); vfz;“” 1750 cm-’ (CO). 
Anal. Found: C, 41.26; H, 5.32; N, 7.77. 
(b) Reaction of D-lyxose (1.35 g, 9 mmol) by the general procedure (a), but using 

more sodium dihydrogen phosphate (1.62 g, 13.5 mmol) and reaction for 1.5 h (pH 6.5 
+ 7.5), gave 18 (0.71 g, 45%), R, 0.6 (solvent A), slightly contaminated with 12 and 20 
(R, 0.7 and 0.5, respectively). Recrystallisation from ethanol gave 18 (0.57 g, 36O/u), m.p. 
148-150”. 

The triacetyl derivative (19,81%) of 18 was a syrup, R, 0.4 (solvent B), [LX], - 164” 
(c 2, chloroform); vgXc’3 1790 (carbamate CO), 1730 cm-’ (AC). 

Anal.Calc.forC,,H,,NO,:C,47.84;H,5.02;N,4.65.Found:C,48.01;H,5.2l;N, 
4.44. 

The triacetyl derivative (21,75%) of 20 was a syrup, R, 0.2 (solvent B), [c1]n - 150” 
(c 0.9, chloroform); v,,, CHc’3 1790 (carbamate CO), 1730 cm-’ (AC). 

Anal. Found: C, 48.05; H, 5.27; N, 4.48. 

ACKNOWLEDGMENTS 

We thank Mrs. M. Rundshagen and Mr. D. Neemeyer for performing the n.m.r. 
spectra, and Professor A. Messmer for his interest. 



16h I. ~:o\ A(3 (‘i ii!. 

REPEREhC‘ES 


