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ABSTRACT

Treatment of pentoses and some hexoses with potassium cyanate in aqueous solutions, buffered with
sedium dihydrogen phosphate or ammonium chloride, gave glycosylamine 1,2-(cyclic carbamates) {glyco-
furano(or pyrano)[1,2-dJoxazolidin-2-ones}. Most of the products had furanoid structures, but b-mannose
and D-lyxose gave preponderantly pyranose derivatives. Epimerisation at C-2 was observed in certain
reactions. The products and their acetylated derivatives were characterised 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 antibiotics™, are accessible easily by a
one-pot procedure*” starting from azido sugars. However, the easy accessibility of cyclic
1,2-thiocarbamates of glycosylamines by the reaction® 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-D-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 p-glucose and potassium cyanate (1.5
mol) was buffered with either sedium dihydrogen phosphate (0.55 mol, pH 7) or
ammonium chloride (1.5 mol, pH 7) then, after reaction for 6 h at 60°, 30-34% of

* Author for correspondence.

0008-6215/91/% 03.50 © 1991 - Elsevier Science Publishers B.V.
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x-p-glucofuranosylamine 1,2-(cyclic carbamate) (1) was obtained. The “C-num.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 corroborated by the "H-
and "C-n.m.r. data (Tables T and IT). The J, . value of 0 Hz is characteristic for the

{

furanoid structure with the rans-arrangement of H-2.3, as found” for 2.
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According to the physical and n.m.r. data reported. 1 was isolated” from the
acid-catalysed reaction of p-glucose with urea but a pyranoid structure was assigned
incorrectly. The chemical shifts for the resonances of C-4 and C-51n 1 are ¢ 7R.31 and
68.45, respectively (Table Ti). in good agreement with the “C-nom.r. data of the
analogous imidazolidin-2-one derivative'”.

Treatment of 1 with acctic anhvdride-pyridine at O effected only O-acetylation
and afforded 3. as shown by the 'H-n.m.r. data (Table I1I; 3 s at & 2,105, 2.085, and
2.040, for 3 AcO). However, treatment of 1 with hot acetic anhyvdnde-sodium acetate
gave the N-acetyl-tri-O-acetyl derivative 4 as shown by the additional signal for NAc (s,
0 2.545). In accord with the furanoid structure, acetylation caused small downfield shifts
(0.45 and 0.41 p.p.m., respectively) for the resonance of H-4 but significant shifts (1,38
and 1.39 p.p.m., respectively) for the resonance of H-5in 3 and 4. The ""C-n.m.r data
(Table [V) provided further proof tor the structures of 3 und 4. which were formulated
incorrectly earlier”.
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TABLE I

C-Num.r. data? for the cyclic carbamates

Compound O

- et N

i 36, L3N 16025

5 81 NSRS L6096

8 87.( ISR

10 R foinl
12 X6 IS
14 X5 REIONALS]
16 IR
18 81 T W
{60, 33

“Recorded at 75,5 MHz for solutions in .01

The reaction of p-mannose with potassium cvanate n the presence of sodium
dihydrogen phosphate gave two main products in almost equal ratio, namely. the gluco
derivative 1 and f-p-mannopyranosviamine 1.2-(cvelic carbamate) (55 Thus. some
2-epimerisation had occured during the reaction. When ammonium chloride was the
buffer, only 2% of 1 was isolated together with 33% of 8. The *C. conformauon of the
pyranoid ring in 5 was indicated by the large values of J , and /., in the 'H-nmur.
spectrum { Table 1).

Further evidence for the pyranoid structure of £ was provided by the large
downfield shift (1.76 p.p.m.y of the signai of H-4 and the small shift (0.46 p.p.om.) of that
of H-5 on conversion into the tetra-acetyl derfvative @ by treatment with hot acetic
anhydride-sodium acetate. With acetic anhvdride-pyridine a1 room temperature, 8
gave the triacetate 7.

D-Galactose also furmshed two products on reaction with potassium cyanate
when sodium dihydrogen phosphate was used as a buffer. namelv. the expected 2-p-
galactofuranosylamine ©.2-(cychic carbamate) (8) but also the p-ralo epimer 1), Com-
pound 10 was also obtained from p-talose under the above conditions of reaction. In the
presence of ammonium chlonde. p-galactose furnished only 8 (45701

The "H-n.m.r. spectra of the respective tetra~acetv] derivatives 9 and 11 of 8 and
10 contained signals (4 s) for NAc¢ and three OAc.

p-Xylose, p-ribose, und L-arabinose reacted with potassium cvanate to give the
furanoid cyclic carbamates 12, 14, and 16. respectively. and thence the corresponding
triacetates 13. 15, and 17. The 'H-and "C-n.mur. spectra of 12 and 13 accorded with
reported data'. except that the resonances of C-2 and -4 i 12 were assigned -
correctly: the chemical shift of the resonance of C-2(3 85.53)is higher than that of C-d (o
79.63) asin 1 (Table 1),

The structures of the p-ribo (14 and 18) and 1-arahine (16 and 17) compounds
were also characterised by their 'H-and "C-numur_spectra(Tables T 1V On the basis of
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ROCH 2
2 o ROCH, o o)

OR OR
NR NR
CH,OR

O

o o}
12ZR = H 14 R = H 16 R = H
13 R = ac 19 R = ac 17 R = Ac
— ?H 7
o] (@) H— C—N=—=C =0
O \
o ROCH, o [Nyg HCOH
RO ~ |
RO NR OR © HOCH
HCOH
18R = H 20R = H ’
19 R = Ac 21 R = Ac HCOH J
L CH,OH
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 enantiomers'*.

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 p-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 *C-n.m.r. spectroscopy (Tables I-1V). 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-1 exhibited
a markedly lower chemical sHift in the pyranosyl (5-7, 18, and 19) than in the furanosyl
cyclic carbamates (1, 3, 4, 8-17, 20, and 21), in accord with the *C-n.m.r. data'® of
aldopyranoses, aldofuranoses, and their acetylated derivatives, the spectral data'® of
which were the basis for C assignments in Tables 1T 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-substituents with the oxazolidine ring in
the furanoid structure. The large values of J, , 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 studies'® of 18.
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The formation of the 1,2-cyclic carbamates of glycosylamines appears to involve
acyclic isocyanate intermediates (e.g. 22), which then undergo intramolecular reactions
with HO-2 to give the oxazolidine moiety. Ring closure to give furanosyl or pyranosyl
products could involve either simultaneous or consecutive equilibrium processes. Stud-
ies of the reaction mechanism including the epimerisation are in progress.

EXPERIMENTAL

General. - T.le. was performed on Silica Gel F., (Merck) with 4. ethyl acetate
ethanol-water (7:2:1). B, chloroform-acetone (95:5); and C. reri-butyl methyl ether
light petroleum (9:1); and detection by charring with sulfuric acid. Silica gel (230--400
mesh) was used for column chromatography. Melting points were determined on a Leitz
SM Lux microscope. Optical rotations were rneasured with a Perkin-Elmer 241 MC
polarimeter and i.r. spectra with a Zeiss Specord 75IR spectrometer. A Bruker AM 300
spectrometer was used to obtain 'H- (solutions in D.O, internal HOD 4.78 p.p.m.;
solutions in CDCI,, internal Me,Si) and “C-n.m.1. spectra (solutions in DO, internal
acetoned 30.5; solutions in CDCI,. internal Me,Si). The ¢ and J values for 'H resonances
were calculated as first-order spectra at 300 MHz. The chemical shifts for the resonances
of ring carbons were assigned by comparison with the "C-n.m.r. data’™ for aldoses.
methyl aldosides. and their acetylated derivatives.

Aldosylamine 1.2-(cvelic carbamaies ). {«) To a solution of the aldose (7.5
mmol) in water (5 mL) were added potassium cyanate (0.93 g. 1.5 mmol) and sodium
dihydrogen phosphate (0.50 g, 4.2 mmol}. The mixture was heated at 60 for 6 h {pH
7-9), then concentrated together with silica gel 60 (5 2). and toluene was repeatedly
evaporated from the residue which was then eluted"” from a short column (30 = 70 mm)
of Silica Gel 60 with solveni A (18 mL).

(b} To a solution of the aldose {9 mmol) in water (6 mL) were added potassium
cyanate (1.09 g, 13.5 mmol) and ammonium chloride (0.72 ¢. 13.5 mmol). The mixture
was heated at 60" {or 6 h {(pH 7—-8.5). then worked-up as i (a).

Acetylation of the cyclic carbamates. — (a) The di- and tri-O-acetyl derivatives
were prepared by conventional treatment of the cyclic carbamates with acetic an-
hydride -pyridine.

(h) The N-acetyl-di- and -tri-O-acetyl derivatives were prepared as follows, A
mixture of the cyclic carbamate (2 mmol) and anhydrous sodium acetate {0.50 g. 6
mmol) in acetic anhydride (S mL) was boiled under reflux for 1 i, then poured nto
ice-water (50 mL), and extracted with chloroform. The extrict wits concentrated, a
solution of the residue in ethanol was clarified with charcoal. then concentrated. and
toluene was evaporated repeatedly from the residue.

a-D-Glucofuranosviamine 1 2-i cvelic carbamate) (3. 2-D-glucoturano| ! . 2-djox-
azolidin-2-one). -— pD-Glucose (1.35 g. 7.5 mmol) was reacted by general procedure ().
T.lc. revealed one main product. R, 0.65 (solvent A) and p-glucose (R 0.2} Chroma-
tography (solvent A) of the mixture gave 1 (0.52 g. 34%). m.p. I8] 184 (from ethanol).
[x]p +6.6 (¢ 3, water) [t [a],, =6.79 (water): lit." m.p 186 187 . [4], ~6.1 (¢ 0.95
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water)}; v®B 1730 cm ' (CO). Compound 1 was identical with “u-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. 109-111° (from water),
[2]p +63° (¢ 2.2, chloroform) {lit.* m.p. 139°, [«],, + 58.86° (chloroform)}; vE2" 3400
(NH), 1780-1720 cm ™" (carbamate CO, Ac).

Anal.Calc.for C;H;NO,: C,47.13;H,5.17; N, 4.23. Found: C,47.01; H, 5.31; 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), [«], + 109° (¢ 1, chloroform) {lit.* m.p. 95°, [a],, + 104.8°
(chloroform)} vKB 1800 (carbamate CO), 1760 (OAc), 1730 cm ' (NAc).

Reaction of D-mannose with potassium cyanate. — (@) Reaction of D-mannose
(1.35 g, 7.5 mmol) by the general procedure (¢) gave (t.l.c.) a mixture of two main
products withR_ 0.65 and 0.4, together with b-mannose, R, 0.3 (solvent 4). Column
chromatography (solvent A4) of the mixture afforded, first, 1 (348 mg, 23%) and then
fB-D-mannopyranosylamine 1,2-(cyclic carbamate) (5, f-pD-mannopyrano[1,2-djoxazoli-
din-2-one) (328 mg, 21%) R, 0.4 (solvent 4), m.p. 176-179° (from ethanol), [«], —40° (¢
2.1, water);v<Br 1710 em ' (CO).

Anal. Calc. for C;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 4) 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. 133-134°
(from ethanol), [«], — 105° (¢ 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), [«];,
—66° (¢ 1, chloroform); v&2r 3260 (NH), 1730 cm ' (carbamate CO, Ac).

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

Reaction of D-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 Dp-galactose, R, 0.35-0.25 (solvent A4). Column
chromatography (solvent 4) of the mixture afforded, first, 2-pD-galactofuranosylamine
1,2-(cyclic carbamate) (8, a-D-galactofurano[l,2-dloxazolidin-2-one), as a syrup (315
mg, 20.5%), R, 0.6 (solvent 4), [«], +7° (¢ 2.8, methanol);»™™ 1720 cm ' (CO).

Anal. Cale. for C;H,; NO,: C,40.98; H, 5.40; N, 6.83. Found: C,41.15; H, 5.61; N,
6.60.

Eluted second was f-D-talofuranosylamine 1,2-(cyclic carbamate) (10, f-p-talo-
furano[1,2-dJoxazolidin-2-one) (209 mg, 14%), R, 0.4 (solvent 4), m.p. 134° (from
ethanol), [],, —103° (¢ 1, methanol); v8% 1700 cm ' (CO).

max
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Anal. Found: C, 41.06; H, 5.58: N. 6.59.

When p-talose (1.08 g. 6 mmol) was reacted by the general procedure (@), the main
product was 10 (455 mg, 31%), R, 0.4 (solvent 4). m.p. 134" (from ethanol). identical
with the product described above.

(hyn-Galactose (1.62 g, 9 mmol), when treated according to the general procedure
{h). gave (t.L.c.) & mixture of one main product (R, 0.6, solvent A) and p-galactose. The
usual processing of the mixture gave 8 as a syrup (839 mg. 45%). identica) with the main
product from (u).

The tetra-acetyl derivative (9. 61%) of 8 was a svrup. R, 0.35 (solvent By, [},
+70" (¢ 2. chloroform ) "' 1790 (carbamate CO). 1740 cm 7 (Ac).

Anal. Cale for C H NO,;: C,48.26; H, 5.13: N. 375 Found: C.48.41; H. 5.40;
N. 3.57.

The tetra-acetyl dervative (11, 71%) of 10 was a syrup, K, .25 (solvent B). [«],
— 182" (¢ 1.2, chloroform); +,/'“"* 1790 (carbamate CO), 1730 cm ' (Ac),

Anal. Found: C, 48.39; H. 5.37; N. 3.60.

2-D-Xvlofuranosviamine 1,2-7 cvelic carbamate ) (12, 2-D-xylofuranofl.2-dloxazo-
idin-2-one). - D-Xylose (1.35 g, 9 mmol) was reacted according to general procedure
(). Chromatography (solvent A) of the product gave 12 (1.19 g, 75%). R 0.7 {(solvent
A), m.p. 126--129° (from nitromethane). [z, —4 (¢ 4. water) (the compound was
described previously'' as a syrup), vA¥ 1740 cm ' (CO).

Anal. Cale. for CH,NOG Co 41,15 H, 518 NUB.OO. Found: CL40.88: H. 4,860 N.
8.09.

The triacetyl derivative (13, 67%) of 12 had m.p. 160-162". |2}, -~80 (¢ 2.3
chloroform) (described previously'' as a syrup): vi¥ 1780 (carbamatc CO). 1730
(OAc), 1710 em ! (NAG).

Anal. Cale. for C,H,.NO,; C,47.84: H. 5.02: N.4.65. Found: C.47.65: H. 482 N,
4.79.

x-D- Ribofuranosylamine 1,2-¢ cvelic carbamate ; (14, z-p-ribofuranof 1. 2-dJoxazo-
lidin-2-one). - - Reaction of b-ribose (1.35 g. 9 mumol) by the general procedure (5). with
chromatography (solvent A) of the product. furnished 14(39%), R 0.6 (solvent 4}, m.p.
161164 (from ethanol). [»],, + 106" (¢ 1.9, methanol) (hit." m.p. 169 170}
w1730 em T (CO).

Anal. Cale. for CH,NOC Co 4115 H, 508N, 8.00. Found: (. 40.97: H, 4.86. N,
8.03.

The triacety] derivative (15, 76%) of 14 was a syrup. R, 0.35 (solvent B). {«],
+ 127 (¢ 1.5, chloroformy: v '+ 1785 (carbamate CO). 1730 cm ' (Ac).

Anal. Cale. for C,H . NO C.47.84: H.5.02: N.4.65. Found: C.47.72: H. 497 N,
4.60.

P-L-Arabinofuranosvlamine 1,2-; cvelic carbamate i {16, fi-1-arabinofurano{1,2-
dloxazolidin-2-one). -- Treatment of pL-arabinose {1.35 g. 9 mmol) by the general
procedure (h). with chromatography (solvent A4) of the product, gave 16 (66%), R, 0.7
(solvent Ay m.p. 118121 (from nitromethane). [2],, + 39 (¢ 1.6, pyridine) (. for the
syrupy D enantiomer, [z, 337 (pyridine)}; vi¥ 1740 cm ' (COy

ma
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Anal. Calc. for CH,NO,: C, 41.15; H, 5.18; N, 8.00. Found: C, 40.98; H,4.91; N,
8.03.

The triacetyl derivative (17, 71%) of 16 had R, 0.35 (solvent B), m.p. 75°, [a],
+104° (¢ 2, chloroform) {lit." for the b enantiomer, m.p. 80-81°, [a], — 109° (chloro-
form)}; v€H%% 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,48.11; H, 5.25; N,
4.48.

Reaction of D-lyxose with potassium cyanate. — (a) Reaction of bD-lyxose (1.35g,9
mmol) by the general procedure (b) gave (t.l.c.) a complex mixture that contained
products with R, 0.7, 0.6, and 0.5, together with D-lyxose, R, <0.4 (solvent 4). Column
chromatography (ethyl acetate—ethanol, 4:1) of the mixture gave, first, 12 (47 mg, 3%),
R_0.7 (solvent A), m.p. 126-128° (from ethanol), identical with the product described
above.

Eluted second was f-p-lyxopyranosylamine 1,2-(cyclic carbamate) (18, f-p-lyxo-
pyrano[l,2-dloxazolidin-2-one) (346 mg, 22%), R, 0.6 (solvent 4), m.p. 148-150° (from
ethanol), [«], —120° (¢ 1.1, water); vir 1720 cm ' (CO).

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

Eluted third was syrupy fS-pD-lyxofuranosylamine 1,2-(cyclic carbamate) (20,
fB-D-lyxofurano[l,2-djoxazolidin-2-one) (91 mg, 6%), R, 0.5 (solvent A), [¢], —39° (¢
2.5, water); VMo 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,36%), m.p.
148-150°,

The triacetyl derivative (19, 81%) of 18 was a syrup, R, 0.4 (solvent B), [a], —164°
(¢ 2, chloroform); vSH3 1790 (carbamate CQ), 1730 cm ™' (Ac).

Anal. Calc. for C,,H \NO,: C, 47.84; H, 5.02; N, 4.65. Found: C,48.01; H, 5.21; N,
444,

The triacetyl derivative (21, 75%) of 20 was a syrup, R, 0.2 (solvent B), [«], —150°
(c 0.9, chloroform); v€"3 1790 (carbamate CO), 1730 cm ™' (Ac).

max

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