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ABSTRACT

The synthesis of several 3-aryl-5-glycosylisoxazole derivatives has been achieved.
By condensation of the protected aldehydo-sugars 2,3-O-isopropylidene-D-glyceraldehyde
(1), 2,3:4,5-di-O-isopropylidene-aldehydo-D-arabinose (2) and D-xylose (3), and 2,5-
anhydro-3,4,5-tri-O-benzoyl-D-mannose (4) with benzoylmethylenetriphenylphosphorane,
enulose derivatives were formed, which were later converted into a,fl-unsaturated
ketoximes. These ketoximes were oxidatively cyclized with iodine and, after removal of
the hydroxyl protecting groups, 3-phenyl-5-glycosylisoxazoles were formed.

INTRODUCTION

Isoxazoles have served as important building blocks in the construction of new

molecule systems for several reasons. First, they can be very efficiently prepared from

readily available precursors; second, they can be conveniently modified, thus allowing the

transformation of molecules with simple structure into functionally complex derivatives;

third, the isoxazole ring survives under a variety of chemical reactions, permitting an easy

manipulation of other parts of the molecule; and finally, the lability of the nitrogen-oxygen
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404 BANEZ SANZ ET AL.

bond to catalytic or chemical reductions under mild conditions unravels a vast array of

different functionalities.1 The most general approach for this kind of compound is probably

the cycloaddition of acetylenic derivatives with nitrile oxides generated by a variety of

methods.2 Of these, several have been employed: the dehydrohalogenation of hydroxamyl

chlorides3 and the dehydration of primary nitro paraffins.4 This method, which utilizes

available precursors such as aldehydes and nitro compounds, is more frequently used

because of the difficult accessibility to acetylenic compounds. However, the use of the

easily available alkenes,5 instead of alkynes, is possible followed by a transformation into

A2-isoxazolines derivatives,6 later converted into the corresponding isoxazoles by

dehydrogenation.

Isoxazole derivatives are also obtained from O-stannylated aldoximes used as key

intermediates7 from aliphatic and aromatic nitrile oxides,8 by reaction of terminal alkynes

with nitric acid in the presence of a catalytic amount of ammonium tetrabutyl

tetrachloroaurate,9 from furanone glycoside,10 or by cyclization of an intermediate which

contains all of the five atoms of the isoxazole ring, whose substituents in the resulting

isoxazole system are unequivocally located." Another general method for isoxazole

preparation utilizes P-aminoenones and hydroxylamine.12 The reaction has been carried out

with a-bromoenones, and the synthesis of isomeric isoxazoles could be regiospecifically

controlled by changing the base.13

At the same time, the natural occurrence of a number of C-glycosyl nucleosides,

many of which show antiviral or antitumoral activity, has provided a lot of research on this

type of compound.14 The isolation of a number of nucleoside antibiotics15'16 such as

formycin, pyrazofurin and showdomycin, has stimulated much interest in the synthesis of

C-glycosyl nucleosides.

RESULTS AND DISCUSSION

In a previous work,17' the synthesis of 3-alkyl-, 3-aryl, 3,4-dialkyl-, 3-aryl-4-alkyl-

and 3-alkyl-4-bromo-5-glycosylisoxazoles has been reported. This paper deals with the

synthesis of different C-glycosylisoxazoles prepared from several aldehydo-sugar

derivatives (see scheme 1).
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R-CH=CH-CO-C,Hs
H

1-4 5 6-10

iv

«rvN A/"
19-21 15-18

R-CH=CH-C-CsHs

Scheme 1. Reagents and conditions: i, CH2C12, rt; ii, HONH2-HC1, Pyridine, MeOH, rt;
iii, I2/KI, NaHCO.,, THF, reflux; iv, AcOH:H2O (9:1), 90 °C.

The aldehydo-sugars 1-4 were condensed with benzoylmethylenetriphenyl-

phosphorane (5) to give the polyhydroxylate chain lengthened by two or three carbon

atoms.17blC The aldehydo-sugars 2,3-O-isopropylidene-D-glyceraldehyde (1), synthesized

via the Schmid method,18 2,3:4,5-di-O-isopropylidene-aldehydo-D-arabinose (2), 2,3:4,5-

di-O-isopropylidene-aldehydo-D-xylose (3), and 2,5-anhydro-3,4,6-tri-0-benzoyl-D-

mannose (4), obtained from D-arabinose, D-xylose and D-glucosamine hydrochloride,

according to methods reported in the literature,19"23 were used as starting substrates. The

a.fi-unsaturated ketones 6-10 were formed according to the conditions of the Wittig24

reaction between the aldehydo-sugars 1-4 and benzoylmethylenetriphenylphosphorane

( 5 ) "

The condensation reaction of 1 with the ylide 5 yielded two geometric isomers 6

(Z) and 7 (£) in a ratio of 1:2.5, thus yielding a higher quantity of the £-configured isomer.

One signal for an olefinic proton appears in the !H NMR spectrum of 6 at 8 6.48 (J2j =

11.6, Jvjc= 1.4, H-2), while the corresponding signal for the is-isomer appears at 5 6.93
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406 BANEZ SANZ ET AL.

Table 1. Synthesis of a,P-unsaturated ketones (6-10)

R-C*° +H

Compound

6

7

8

9

10

.C^-CH-CO-

Configuration

(Z)

m

«

O)

c,

R

tx
tx

-». R-CH=CH-CO—C,Hj -1

[a]D(CHCI,)

+ 268.9" (c,U3)

+ 69.7' {c, 1.21)

+ 30J°(c,0.7S)

+ 26.6'(c, 1.13)

-43.r(c,2.09)

h (C,Hs),P=O

Yield (%)

24

60

71

62

61

(J2.3=15.3, Jvic=4.5, H-2). Other spectral data are given in the experimental section and are

consistent with the structure of 6 and 7.

It was observed that with an increasing number of carbons in the open chain

aldehydo-sugar the olefinic hydrogen chemical shifts appear at lower fields, with the

highest value for compound 10, in which the signal of the aforementioned hydrogens were

found in the field of the aromatic hydrogens (7.23-7.63 ppm).

By treatment of a,B-unsaturated ketones 6-10 with hydroxylamine hydrochloride

in dry methanol at room temperature and using pyridine as base,26"17* a,fi-unsaturated

ketoximes 11-14 were formed, which were used for the next reaction without further

purification.

Oxidative cyclization27 of the aforementioned oximes 11-14 with iodine, potassium

iodide and sodium bicarbonate in tetrahydrofuran yielded 3-aryl-5-glycosylisoxazoles, 15-

18. This reaction occurred in the absence of oxygen, and the reaction times depended on

the oxime used. Although the yields increased when an excess of iodine-potassium iodide

was used,28 it was considered that a rather mild basic medium should be used instead of a

strong one, in order to avoid elemental iodine forming equilibrium iodide-iodate.
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Table 2. C-glycosylisoxazole derivatives (15-21)

407

NOH

R - C H = C H — C—CtH5

15

16

17

IS

HACO

Compound R Ict|D (CUCIj) mp (°C) Yield* (%)

+6.0° (c, 1.13) Syrup 55

+19.3° (c, 1.29) 77-78 49

-26.2" (c, 1.72) Syrup 45

+30.5" (c, 1.08) 55-56 51

19

20

21

+30.4° (c, 0.62)

(acetone)

+36.0° (c, 0.47)

(MeOH)

+63.3° (c, 0.55)

89-90

183-184

Syrup

95

90

81

a. isolated product

After removal of the hydroxyl protecting groups,29'30 C-glycosylisoxazoles 19-21

were obtained in nearly quantitative yields. Biological activities of these compounds are

currently being investigated.

EXPERIMENTAL

General methods. Tetrahydrofiaran (THF) and diethyl ether were distilled from

sodium using benzophenone radical as an indicator, and stored under argon before use.

Other solvents and reagents were purified and dried according to standard procedures.
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408 BANEZSANZETAL.

Extracts were dried over anhydrous MgSO4 or Na2SO4 and solvents evaporated under

reduced pressure at 40-50 °C. Reaction courses and product mixtures were monitored as a

routine by thin-layer chromatography (TLC) on glass plates coated with silica gel G

(Merck), spots being visualised with iodine vapours or by charring with sulfuric acid in

ethanol (10 %). Column chromatography was performed using Silica Gel Merck 60 (70-

230 mesh, ASTM). Melting points were obtained in open capillary tubes with a

Gallenkamp MFB-595 and are uncorrected. Optical rotations were measured with a 141

Perkin-Elmer polarimeter. *H NMR spectra were recorded with Bruker AC-80 and AC-

300 spectrometers. Chemical shift values are expressed in ppm (6), relative to Me4Si as the

internal reference. J-values are given in Hz. The 13C NMR spectra were recorded with

Bruker AC-80 and AC-300 spectrometers. IR spectra were measured using a Nicolet

FTIR-20-SX spectrometer. Mass spectra were recorded by the direct-insertion technique,

using an HP-588-A spectrometer at 70 eV with a temperature source of 200 °C. Elemental

analyses were determined with a Carlo Erba Elemental Analyzer 1106.

Synthesis of starting materials:

2,3-0-Isopropylidene-D-gIyceraldehyde (1). This was synthetized from 1,2:5,6-

di-O-isopropylidene-D-mannitol, following Schmid's method.18

2,3:4,5-Di-0-isopropyIidene-aldehydo-D-arabinose (2) and D-xylose (3). From

commercial D-arabinose and D-xylose (Fluka), D-arabinose and D-xylose diethyl

dithioacetal were respectively synthetized following Zinner's method.20 From those

products, 2,3:4,5-di-(9-isopropyIidene-D-arabinose and D-xylose diethyl dithioacetal were

obtained following the method reported in the literature,21 and were demercaptalized as

described to give 2,3:4,5-di-CMsopropylidene-aldehydo-D-arabinose and D-xylose, 2 and

3, respectively.

3,4,6-Tri-0-benzoyI-2,5-anhydro-D-mannose (4). By procedures found in the

literature,19 2,5-anhydro-D-mannose was prepared from D-glucosamine hydrochloride, and

was transformed into 2,5-anhydro-D-mannose diethyl dithioacetal20 and, after

benzoylation, into 3,4,6-tri-O-benzoyl-2,5-anhydro-D-mannose diethyl dithioacetal.22 By

demercaptalization,23 3,4,6-tri-0-benzoyl-2,5-anhydro-aldehydo-D-mannose, 4, was

obtained.

Benzoylmethylenetriphenylphosphorane (5). This compound was prepared as

described in the literature.23
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3-ARYL-5-C-GLYCOSYLISOXAZOLES AND ALDEHYDO SUGARS 409

Reactions of aldehydo-sugar derivatives, 1-4, with benzoylmethylene-

triphenylphosphorane, 5. The condensation reactions of the aldehydo-sugar derivatives,

1-4, with benzoylmethylenetriphenylphosphorane, 5, were carried out as previously

indicated.17a'31

(Z and £)-l-C-Phenyl-2,3-dideoxy-4,5-0-isopropylidene-D-£/jcero-pent-2-

enose (6 and 7). A solution of 1 (1.47 g, 0.011 mol) in methylene chloride (30 mL) was

slowly added to a stirred solution of 5 (5.51 g, 0.015 mol) in the same solvent (10 mL).

The mixture was maintained for 6 h at room temperature and the solvent was evaporated.

The residue was chromatographed on a silica gel column (hexane-diethyl ether 9:1), to

yield 6 (0.62 g, 24 %) and 7 (1.57 g, 60 %) as yellow syrups.

Data of 6: Rf 0.7 (hexane-diethyl ether 1:1); IR (KBr) 3000 (C=C), 2900-2850 (C-

H), 1670 (C=O), 1620 (C=C), 1380-1370 (C(CH3)2), 1230-1010 (C-O-C-O-C), 750

(C=C, Z), 760-690 (AT); !H NMR (CDC13) 5 1.40 and 1.48 (6H, 2s, C(CH3)2), 3.69 (1H,

dd, J5,5. = 8.3, Jj,4 = 6.8, 5-H), 4.53 (1H, dd, J5-,5 = 8.3, JyA = 7.1, 5'-H), 5.37 (1H, ddd,

J4.5 = 6.8, J4.5= 7.1, J4.3 = 6.4, 4-H), 6.48 (1H, dd. J2.3= 11.6, J,ic= 1.4, 2-H), 6.97 (1H,

dd, J3.2 = 11.6, J3.4= 6.4, 3-H), 7.38-7.57 (3H, m, Ar), 7.85-8.00 (2H, m, ArH); m/z 232

(1 %, M+), 174 (2), 145 (1), 127 (34, C7H,,O2
+), 105 (77, C7H5O

+), 77 (98, C6H3
+), 69

(100) and 43 (94, C2H3O
+).

Anal. Calcd for C,4H16O3: C, 72.39; H, 6.94. Found: C, 72.45; H, 6.92.

Data of 7: Rf 0.5 (hexane-diethyl ether 1:1); IR (KBr) 3070 (C=C), 2900-2800 (C-

H), 1675 (C=O), 1625 (C=C), 1380-1370 (C(CH3)2), 1250-1060 (C-O-C-O-C), 920

(C=C, £), 760 (AT); ' H NMR (CDC13) 5 1.45 and 1.49 (6H, 2s, C(CH3)2), 3.73 (1H, dd,

J5,5- = 8.2, Jj,4 = 7.3, 5-H), 4.24 (1H, dd, J5..5 = 8.2, JJ 4 = 6.6, 5'-H), 4.80 (1H, ddd, J4.5.=

6.6, J4,5= 7.3, J4.3 = 4.5, 4-H), 6.93 (1H, dd, J2,3 = 15.3, JV1-C= 4.5, 2-H), 7.23 (1H, dd, J3.2

= 15.3, J3.4 = 4.5, 3-H), 7.39-7.56 (3H, m, ArH), 7.88-8.02 (2H, m, ArH); 13C NMR

(CDC13) 8 25.20 and 26.45 (C(CH3)2), 69.51 (C-5), 74.41 (C-4), 109.60 (C(CH3)2),

124.40 (C-2), 128.31, 128.54 and 133.01 (CHAr), 137.34 (CAr), 148.95 (C-3), 190.41

(CO); m/z 217 (17 %, M+-15), 202 (6, M+-30), 175 (10, (M+1)^C3H6O), 144 (32), 131

(19, C9H7O
T), 105 (54, C7H5O

+), 77 (60, C6H5
+) and 43 (100, C2H3O

+).

Anal. Calcd for C14H16O3: C, 72.39; H, 6.94. Found: C, 72.43; H, 6.97.

(£)-l-C-PhenyI-2,3-dideoxy-4,5:6,7-di-O-isopropylidene-D-araW/io-hept-2-eno-

se (8). 2,3:4,5-di-0-isopropylidene-aldehydo-D-arabinose, (2, 3.1 g, 13.48 mmol) in
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410 BANEZSANZETAL.

anhydrous methylene chloride (60 mL) was treated with a stirred solution of 5 (7.68 g,

20.21 mmol) in the same solvent (20 mL). The mixture was maintained for 26 h at room

temperature and concentrated as described in the general procedure. The residue was

chromatographed (hexane-diethyl ether 9:1). The isolated compound 8 (2.77 g, 62 %)

was a yellow solid: mp 45-46 °C; Rf 0.5 (hexane-diethyl ether 1:1); IR(KBr) 3000 (C=C),

2900-2850 (C-H), 1670 (C=O), 1630 (C=C), 1380-1370 C(CH3)2, 1270-1060 (C-O-C-O-

C), 980 (C=C, £), 760-700 (Ar); !H NMR (CDC13) 5 1.35, 1.40 and 1.46 (12H, 3s,

2C(CH3)2), 3.65-4.20 (4H, m, 5,6,7,7'-H), 4.67 (1H, dd, J4.5 = 7.6, J43 = 3.2, 4-H), 7.16

(2H, m, 2,3-H), 7.39-7.60 (3H, m, ArH), 7.91-8.03 (2H, m, ArH); 13C NMR (CDC13)8

24.97 and 26.56 (2(CH3)2), 67.37 (C-7), 75.30 (C-6), 79.35 (C-5), 81.06 (C-4), 109.68

and 110.02, (2C(CH3)2), 124.95 (C-2), 128.38 and 132.70 (CHAr), 137.43 (CAr), 144.68

(C-3), 190.05 (CO); m/z 332 (4 %, M~), 317 (6, MM5), 274 (6, M+-C3H6O), 232 (14,

M*-C5H8O2), 216 (14), 169 (66), 126 (3), 105 (100, C7H5CT), 77 (59, C6H5
+) and 43

(76, C2H3O
+).

Anal. Calcd for C19H24O3: C, 68.65; H, 7.28. Found: C, 68.70; H, 7.25.

(£)-l-C-PhenyI-2,3-dideoxy-4,5:6,7-di-0-isopropyIidene-D-Aj/o-hept-2-enose

(9). Compound 3, (3.08 g, 13.39 mmol) was dissolved in anhydrous methylene chloride

(62 mL), and subsequently treated with a stirred solution of 5 (5.09 g, 13.39 mmol) in the

same solvent (20 mL). The mixture was maintained at room temperature for 24 h

following the procedure previously described. The residue was chromatographed (hexane-

diethyl ether 4:1) to give compound 9 (2.71 g, 61 %) as a yellow syrup: Rf 0.3 (hexane-

ethyl acetate 2:0.5); IR(KBr) 3000 (C=C), 2950-2850 (C-H), 1670 (C=O), 1625 (C=C\

1380-1370 (C(CH3)2), 1280-1070 (C-O-C-O-C), 980 (C=C, £), 780-690 (Ar); *H NMR

(CDC13)5 1.39, 1.42 and 1.48 (12H, 3s, 2C(CH3)2), 3.85-4.29 (4H, m, 5,6,7,7'-H), 4.63

(1H, ddd, J4.5 = 7.7, J4.3 = 4.7, Jvic = 0.9, 4-H), 6.94 (1H, dd, J2.3 = 15.3, Jvic = 0.9, 2-H),

7.17 (1H, dd, J3,2 = 15.3, J3.4 = 4.7, 3-H), 7.45-7.59 (3H, m, ArH), 7.90-8.02 (2H, m.

ArH); 13C NMR (CDC13) 6 25.45, 26.17 and 26.86 (2(CH3)2), 65.62 (C-7), 74.48 (C-6),

77.03 (C-5), 80.46 (C-4), 109.95 and 110.49 (2C(CH3)2), 126.43 (C-2), 128.66-133.11

(CHAr), 137.43 (CAr), 143.62 (C-3), 189.87 (CO); m/z 332 (0.2 %, MT), 317 (16, M'-

15), 274 (4, MT-C3H6O), 232 (2), 202 (24, C10H18O4
T), 157 (8), 144 (100), 105 (71,

C7H5OI, 101 (45, C5H9O2
+), 77 (26, C6H_O and 43 (48, C2H3O~).

Anal. Calcd for C,9H24O5: C, 68.65; H, 7.28. Found: C, 68.73; H, 7.22.
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3-ARYL-5-C-GLYCOSYLISOXAZOLES AND ALDEHYDO SUGARS 411

(£)-l-C-PhenyI-4,7-anhydro-5,6,8-tri-0-benzoyl-2,3-dideoxy-D-/«a«/io-oct-2-

enose (10). This experiment was carried out following the aforementioned procedure by

reaction of 4 (3.23 g, 6.8 mmol) and 5 (5.52 g, 11.9 mmol) in methylene chloride (60

mL). The residue was chromatographed (methylene chloride-hexane 10:1), to give 10 (2.8

g, 71 %) as a colorless syrup: Rf 0.3 (hexane-diethyl ether 2:1); [a]D + 28° (c 1.42,

acetone), [a]D + 30.3° (c 0.75, CHC13); IR(KBr)3010 (C=C), 2800 (C-H), 1720 (COO),

1670 (C=O), 1625 (C=C), 1270-1110 (C-O), 970 (C=C, E), 750-710 (Ar); ]H NMR

(CDC13)5 4.73-4.79 (3H, m, 4 \ 5 \ 5"-H), 5.15 (1H, s, l'-H), 5.61-5.63 (1H, m, 3'-H),

5.75 (1H, s, 2'-H), 7.23-7.63 (14H, m, 2,3-H and 12H (ArH)), 7.95-8.13 (8H, m, ArH);
I3C NMR (CDC13) 5 64.04 (C-5'), 78.75 (C-l1), 81.31 (C-2'), 82.48 (C-3'), 83.47 (C-4'),

125.99 (C-2), 128.41-133.75 (CHAr and CAr), 137.30 (CAr), 143.11 (C-3), 165.34,

165.53 and 166.27 (COO), 190.00 (CO).

Anal. Calcd for C35H28O8: C, 72.91; H, 4.89. Found: C, 72.96; H, 4.85.

Synthesis of ot,p-unsaturated ketoximes. A solution of hydroxylamine

hydrochloride (0.92 g, 13.2 mmol) in methanol (20 mL) was added to a stirred solution of

a,Ii-unsaturated ketones, 6-10 (1.77g 5.33 mmol) in pyridine (33 mL) and methanol (90

mL).2617a The solution was stirred at room temperature for a period of two or three hours,

the crude of the reaction was coevaporated repeatedly with toluene and the residue,

oximes 11-14, with characteristic absorptions between 3450-3300 (N-OH), 1680-1600

(C=N) and 1620-1590 (C=C), were used directly, without any purification, for the

formation of C-glycosylisoxazole derivatives.

Synthesis of isoxazole derivatives by cyclization of a,P-unsaturated

ketoximes. To a solution of a a,B-unsaturated ketoxime in methanol and THF, a solution

of sodium bicarbonate with iodine and potassium iodide was added.27"17" The reaction was

carried out in darkness and maintained at reflux for a period of time. A saturated solution

of sodium bisulfite was added to eliminate the excess of iodine. Once the organic layer

was separated, the aqueous phase was extracted three times with diethyl ether (30 mL).

The organic extracts were dried with anhydrous sodium sulfate, and the solvent was

evaporated at reduced pressure, obtaining a syrup later purified by column

chromatography.

3-Phenyl-5-(l,2-0-isopropylidene-D-g/ycm?-dihydroxyethyI)isoxazole (15). A

solution of potassium iodide (4.38 g, 26.4 mmol) and iodine (2.1 g, 8.27 mmol) in water
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(45 mL) was added in the darkness to a stirred solution of compound 11, (1.86 g, 7.54

mmol) and sodium bicarbonate (2.53 g, 30.12 mmol), in a mixture of tetrahydrofuran (30

mL) and water (23 mL). Following the previously described procedure, a residue was

obtained which was chromatographed (chloroform-ethyl acetate 50:1), to give compound

15 (1.11, 55 %) as a yellow syrup: Rf 0.7 (hexane-diethyl ether 1:1); IR(KBr)3020 (C=N,

isoxazole), 2900-2800 (C-H), 1607 (C=N, isoxazole), 1475 (C=C, isoxazole), 1380-1370

C(CH3)2), 1200-1070 (C-O-C-O-C), 690 (Ar); *H NMR (CDC13)5 1.48 and 1.55 (6H,

2s, C(CH3)2), 4.16 (1H, dd, J2-,2•• = 8.7, J 2 . r = 6.0, 2'-H), 4.39 (1H, dd, J2",r = 8.7,

h-,v = 6.6, 2"-H); 5.26 (1H, t, J r . r = 6.0, l'-H), 6.59 (1H, s, 4-H), 7.45-7.47 (3H, m,

ArH), 7.79-7.82 (2H, m, ArH); 13C NMR (CDC13)8 20.21 and 20.96 (C(CH3)2), 63.14

(C-2'), 65.02 (C-l'); 94.67 (C-4), 105.53 (C(CH3)2) 121.46, 123.56 and 124.72 (CHAr

and CAr), 156.94 (C-3), 166.22 (C-5); m/z 245 (4 %, M+), 230 (43, M+-15), 188 (65),

144 (26, CgHfiON'),), 118 (12), 101 (19, C5H9(V), 77 (62, C6H5*) and 43 (72, C2H3O
+).

Anal. Calcd for Ci4H,5O3N: C, 68.56; H, 6.16; N, 5.71. Found: C, 68.49; H,

6.16; N, 5.73

3-Phenyl-5-(l,2:3,4-di-O-isopropylidene-D-ara/)/«(7-tetrahydroxybut)i)isoxa-

zole (16). A solution of compound 12 (3.5 g, 10.09 mmol) dissolved in tetrahydrofuran

(40 mL) and water (30 mL) containing sodium bicarbonate (3.39 g, 40 mmol) was treated

with a solution of potassium iodide (5.86 g, 35 mmol) and iodine (2.82 g, 11.1 mmol) in

water (61 mL) following the previously described procedure. Purification by column

chromatography (dichloromethane-diethyl ether 50:1), gave compound 16 (1.71 g, 49

%) as a yellow solid: mp 77-78 °C; Rf 0.7 (dichloromethane-diethyl ether 50:1, twice);

IR(KBr) 3050 (C=N, isoxazole), 2950-2900 (C-H), 1600 (C=N, isoxazole), 1470 (C=C,

isoxazole), 1385 (C(CH3)2), 1250-1075 (C-O-C-O-C), 775-700 (Ar); *H NMR (DMSO)

5 1.19, 1.24 and 1.44 (12H, 3s, 2C(CH3)2), 3.86 (1H, dd, J4Vr = 8.6, J4.j. = 4.2, 4'-H),

4.09 (1H, dd, J4..,4-= 8.6, J 4 . j . = 6.0, 4"-H), 4.21-4.34 (2H, m, 3\2'-H), 5.14 (1H, d,

ha- = 7.1, l'-H), 7.18 (1H, s, 4-H), 7.49-7.53 (3H, m, ArH), 7.86-7.89 (2H, m, ArH);
I3C NMR (CDC13) 5 25.06, 26.41 and 27.03 (2C(CH3)2), 66.95 (C-4'), 73.48 (C-3'),

76.47 (C-21), 80.39 (C-l '), 100.94 (C-4), 109.83 and 111.28 (2C(CH3)2), 126.72, 128.84

and 129.96 (CHAr and CAr), 162.18 (C-3), 170.41 (C-5); m/z 345 (7 %, M+), 330 (19,

M*-15), 273 (17), 230 (38, CnHi805
+), 186 (43, C9H14O4

+), 144 (15, Cc^ON*), 101

(100, C5H9O2"), 77 (27, C6H5
+) and 43 (57, C2H3O

T).
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3-ARYL-5-C-GLYCOSYLISOXAZOLES AND ALDEHYDO SUGARS 413

Anal. Calcd for C19H23O5N: C, 66.08; H, 6.71; N, 4.06. Found: C, 65.97; H,

6.68; N, 3.99.

3-Phenyl-5-(l,2:3,4-di-0-isopropylidene-D-Aj'/o-tetrahydroxybutyl)isoxazole

(17). This experiment was carried out following the aforementioned procedure by reaction

of compound 13 (2.19 g, 6.31 mmol) and sodium bicarbonate (2.13 g, 25.4 mmol), in

tetrahydrofliran (25 mL) and water (19 mL) with a solution of potassium iodide (3.67 g,

22.1 mmol) and iodine (1.77 g, 6.97 mmol) in water (38 mL) during 8 h. The residue was

chromatographed (chloroform-ethyl acetate 19:1), to give compound 17, (1.20 g, 45 %)

as a yellow syrup: Rf 0.8 (hexane-diethyl ether 1:1); IR(KBr) 3000 (C=N, isoxazole),

2990-2980 (C-H), 1615 (C=N, isoxazole), 1450 (C=C, isoxazole), 1380-1370 (C(CH3)2),

1260-1070 (C-O-C-O-C), 770-690 (Ar); *H NMR (CDC13) 5 1.29, 1.33 and 1.58 (12H,

3s, 2C(CH3)2), 4.00 (1H, dd, J4.,4» = 8.8, J4.,3- = 4.0, 4'-H), 4.14 (1H, dd, h-A- = 8.8,

J4-.3- = 6.1, 4"-H), 4.24 (1H, ddd, J3-.4- = 4.0, J3-.4- = 6.1, J3-.2.= 7.4, 3'-H), 4.32 (1H, dd,

J2-.,= 7.3, J2 v r = 7.4, 2'-H), 5.13 (1H, d, J,-.2-= 7.3, l'-H), 6.63 (1H, s, 4-H); 13C NMR

(CDC13) 5 25.45, 26.12, 26.44 and 26.78 (2C(CH3)2), 65.54 (C-4'), 71.83 (C-3'), 75.44

(C-2'), 80.26 (C-l'), 100.67 (C-4), 110.00 and 111.28 (2C(CH3)2), 126.81 and 129.96

(CHAr and CAr), 162.19 (C-3), 169.88 (C-5); ni'z 345 (11 %, M"), 330 (33, M~-15),

243 (15), 230 (93, C, |H,8(V), 186 (50, C9H14O4
T), 144 (22, C9H6ON"), 101 (100,

CsHsCV), 77 (38, C6H5~) and 43 (67, C2H3Cf).

Anal. Calcd for C,9H2.,O,N: C, 66.08; H, 6.71; N, 4.06. Found: C, 66.25; H,

6.68; N, 4.15.

3-PhenyI-5-(2,3,5-tri-0-benzoyI-a-D-arabinofuranosyl)isoxazole 18). Com-

pound 14, (1.2 g, 2 mmol), sodium bicarbonate (0.8 g, 9.5 mmol), tetrahydrofliran (9 mL)

and water (7 mL) was treated with a solution of potassium iodide (1.39 g, 8.4 mmol),

iodine (0.66 g, 2.6 mmol) and water (14 mL). The mixture was stirred for 6 h following

the previously described procedure. Purification by column chromatography (chloroform-

ethyl acetate 50:1), gave compound 18 (0.53 g, 51 %) as a yellow solid: mp 55-56 °C; Rf

0.5 (hexane-diethyl ether 1:1); IR(KBr)3061 (C=N, isoxazole), 2950-2920 (C-H), 1718

(COO), 1600 (C=N, isoxazole), 1450 (C=C, isoxazole), 1260-1110 (C-O-C-O-C), 760-

700 (AT); !H NMR (DMSO ) 8 4.68-4.79 (2H, m, 5',5"-H), 4.83-4.87 (1H, m, 4'-H),

5.81 (1H, dd, J3 v r =3 .3 , J3-,2-=1.9, 3'-H), 5.85 (1H, d, Jr.2 = 1.9, l'-H), 5.94 (1H,

dd, J2-.r =J2-,3- = 1.9, 2'-H), 7.39-8.07 (21H, m, 4-H and 20 ArH); 13C NMR (CDC13)5
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414 BANEZSANZETAL.

62.82 (C-5'), 78.58 (C-l'), 78.72 (C-2'), 80.98 (C-3'), 83.01 (C-4'), 101.06 (C-4),

126.84-129.92 (CHAr), 133.12-133.75 (CAr), 162.47, 165.35 and 166.21 (COO),

165.28 (C-3), 169.30 (C-5); m/z 589 (0.02 %, M+), 362 (3), 317 (32, C2iHI7O3"), 240

(11), 224 (3), 144 (2, C ^ N O * ) , 116 (1, C8H6N
+), 105 (100, C7H5O

+), 77 (22, C6H5
+)

and 51 (4).

Anal. Calcd for C3JH27OiiN: C, 71.31; H, 4.58; N, 2.38. Found: C, 70.89; H,

4.64; N, 2.31.

3-PhenyI-5-(D-£/ycer0-dihydroxyethyl)isoxazoIe (19). A solution of 15 (0.88 g,

3.5 mmol) in 90 % aqueous acetic acid29-30 (50 mL) was stirred at 90 °C for 1 h. Then the

mixture was coevaporated several times with benzene, and the residue was crystallized

from hexane-ethyl acetate 10:1 to give 19 (0.7 g, 95 %) as a white solid: mp 89.4-90 °C;

Rf 0.4 (diethyl ether); IR(KBr)3355 and 3194 (C-OH), 2930-2876 (C-H), 1597 (C=N,

isoxazole), 1465 (C=C, isoxazole), 1400 (O-H), 1286-1045 (C-O), 765-689 (Ar); ' H

NMR (DMSO) 8 3.65-3.70 (2H, m, 2',2"-H), 4.72 (1H, dt, J r .Onr = 5.9, J r . r = 5.7, I'-

ll), 5.01 (1H, t, J o n r . r = 5.9, OH-1', disappears with D2O), 5.89 (1H, d, J0H2\r = 5.7,

OH-2\ disappears with D2O), 6.93 (1H, s, 4-H); 13C NMR (DMSO) 8 65.01 (C-2'),

68.01 (C-l'), 99.71 (C-4), 126.68-129.91 (CHAr and CAr), 162.06 (C-3), 173.73 (C-5);

mz 205 (1 %, MT), 175 (4), 146 (27, C9H8ON"), 116 (8, C8H6N
+), 104 (18, C5H12O2

+),

77 (100, CeHj"), 63 (18, C2H7O2
+), 51 (63), 42 (43, C2H3O').

Anal. Calcd for CnHnOjN: C, 64.39; H, 5.40; N, 6.83. Found: C, 64.49; H,

5.18; N, 6.76.

3-Phenyl-5-(D-arflZ>//t0-tetrahydroxybutyI)isoxazoIe (20). Compound 16 (0.73

g, 2.1 mmol) in 90 % aqueous acetic acid (12 mL) was stirred at 90 °C for 2 h to give

compound 20 (0.60 g, 92 %) as a white solid: mp 183-184 °C (from AcOEt-hexane); Rf

0.06 (AcOEt), Rf 0.6 (2-propanol); IR(KBr) 3460 and 3277 (C-OH), 2938-2886 (C-H),

1615 (C=N, isoxazole), 1435 (C=N, isoxazole), 1402 (O-H), 1085-1049 (C-O), 770-694

(Ar); 'H NMR (DMSO) 8 3.41-3.48 (1H, m, 4"-H), 3.55-3.67 (3H, m, 2',3\4'-H), 4.42

(1H, t, Jon4\4-= 5.6, OH-4\ disappears with D2O), 4.76 (2H, dd, J0H3vr = 7.7, JOH2\2- =

5.6, OH-2',3', disappears with D2O), 5.03 (1H, d, Jr.OHi- = 7-3, l'-H), 5.59 (1H, d,

W . r = 7.3, OH-1', disappears with D2O), 6.85 (1H, s, 4-H), 7.49-7.53 (3H, m, ArH),
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7.84-7.88 (2H, m, ArH); 13C NMR (DMSO) 5 63.55 (C-4'), 66.44 (C-3'), 70.82 (C-21),

72.68 (C-1'X 99.99 (C-5), 126.45-129.75 (CHAr), 129.01 (CAr), 161.55 (C-3), 175.47

(C-5); m/z 306 (6 %, M++41), 294 (13, M++29), 266 (100, M++l), 230 (2), 216 (4), 188

(60, C T H M O J N ^ , 176 (15), 146 (24, C9H8ON^, 131 (2), 103 (18, CjHuO/) .

Anal. Calcd for C,3H15O3N: C, 58.86; H, 5.70; N, 5.28. Found: C, 53.45; H,

7.05; N, 8.91.

3-PhenyI-5-(a-D-arabinofuranosyI)isoxazoIe (21). Compound 18 (1.1 g, 1.87

mmol) in methanol (100 mL) was treated30 with a 0.3 N sodium carbonate solution (2.5

mL). The mixture (pH 9) was stirred for 1 h at rt, after adding acetic acid to neutrality (2

mL) it was concentrated to dryness. The residue was chromatographed (chloroform-

methanol, 9:1) to give compound, 21 (0.41 g, 85 %) as a white foam: Rf 0.38

(chloroform-methanol 10:1); IR(KBr)3433 (C-OH), 2924 (CH), 1613 (C=N, isoxazole),

1442 (C=C, isoxazole), 1404 (O-H), 770-690 (Ar); 'H NMR (DMSO) 6 3.62-3.69 (1H,

m, 5'-H), 3.72-3.79 (1H, m, 5"-H), 4.02-4.13 (2H, m, 3',4'-H), 4.32 (1H, d, J,-OHr =

5.5, l'-H), 4.82 (1H, t, JOH2\r= 5.6, 2'-OH, disappears with D2O), 4.95 (1H, d, Jr,On2-

= 5.6, 2'-H), 5.20 (1H, d, JOH3-.3- = 4.3, 3'-OH, disappears with D2O), 5.62 (1H, d,

JOH5\5- = 6.1, 5'-OH, disappears with D2O), 6.74 (1H, s, 4-H), 7.49-7.53 (3H, m, ArH),

7.84-7.88 (2H, m, ArH); 15C NMR(DMSO) 5 61.82 (C-5'), 77.25 (C-4'), 78.03 (C-3'),

80.92 (C-2'), 85.10 (C-T), 99.90 (C-4), 126.49-129.89 (CHAr and CAr), 161.73 (C-3),

172.50 (C-5); nvz 277 (13 %, M*), 241 (4). 230 (4), 188 (44, C7H,o05N*), 174 (100). 144

(80, C9H6O>T), 117 (21, C8H7N'), 104 (35), 77 (97, C6H5"), 51 (37).

Anal. Calcd for C7HnO3N: C, 60.60; H, 5.48; N, 5.27. Found: C, 60.65; H, 5.45;

N, 5.05.
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