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Note

Selective acetylation of D-mannose and b-xylose

ErLizaBeTH LEE, ANN BRUZZI, EUGENE O’BRIEN, AND PROINNSIAS S O’COLLA
Chenustry Department, University College, Galway (Ireland)
(Recewved May 17th, 1978, accepted for pubhication, June 26th, 1978)

Our nvestigations on the direct selective acetylation of some aldopyranoses!?
have provided useful syntheses of intermediates not otherwise readily available
Treatment of D-mannose with 57 mol. of acetic anhydride in the presence of an-
hydrous sodium acetate at room temperature gave a mixture of products from which
the syrupy penta-acetate (~609;) and 1,2,3,6-tetra-O-acetyl-a,f-D-mannopyranose
(1, 299%)) were 1solated by chromatography on silica gel The penta-acetate was
mainly the « anomer, the H-1« signal appeared at = 3 86, and there was a much
weaker signal for H-18 at 7 4 08

In the tetra-acetate, the relative intensities of the H-1 resonances at t 3 92 and
4 11 indicated the « ff ratio to be ~2-1 Methylation of the tetra-acetate with diazo-
methane-boron trifluoride etherate® gave crystalline 1,2,3,6-tetra-O-acetyl-4-O-
methyl-f-D-mannopyranose (2), and 4-O-methyl-D-mannose was the only sugar
1solated after deacetylation

The 1solation of the 1,2,3,6-tetra-acetate 1n useful yield shows that HO-4 of
D-mannose 1s the least reactive hydroxyl group under the designated reaction condi-
tions, 1n agreement with the reported® selective acylation of benzyl o-D-mannopyrano-
side Also, HO-4 was least reactive 1n the selective acylation of methyl a-D-manno-
pyranoside with benzoyl chloride*

Acetylation of D-xylose with 53 mol of acetic anhydride gave crystalline
tetra-O-acetyl-f-D-xylopyranose (27 %) and a syrupy tnacetate fraction (3, ~299%),
from which 1,2,4-tri-O-acetyl-f-D-xylopyranose (4, 7 2%;) was 1solated by fractional
crystallisation The structure of 4 was established by methylation with diazomethane—
boron trifluoride etherate 1n dichloromethane, and was confirmed by n m r spectro-
metry of the derived, crystalline 3-phenylcarbamate 6 Irradiation at the high-field
portion (7 4 80-510) of the pattern due to H-2,3,4 decoupled the H-5 signals,
maximum decoupling occurred with irradiation at = 506, so this was taken as the
centre of the H-4 signal Simularly, by decoupling H-1, the H-2 signal was shown to
be centred at t 4 97 Thus, H-3 was centred at T 4 86 In the spectrum® of 1,2,3,4-
tetra-O-acetyl-f-D-xylopyranose m acetone-dg at 100 MHz, the signal for H-3 was
a triplet (¢ 471) The upfield shift (0 15 p p m ) 1n the H-3 signal of 6 relative to
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that of H-3 of the tetra-acetate 1s to be expected, since the C4Hs-NH group should
decrease the amisotropic deshielding effect of the C=0O group Methylation of the
triacetate fraction, followed by deacetylation, yielded 3-O-methyl-D-xylose and
traces of 2-O-methyl-D-xylose and D-xylose, the 2-methyl ether was not detected by
alkaline triphenyltetrazolium chloride

Thus, the selective acetylation of D-xylose provides a useful preparation of
1,2,4-tr1i-O-acetyl-B-D-xylopyranose

EXPERIMENTAL

Melting points were determined on a Kofler hot-stage and are uncorrected
Solutions were concentrated under diminished pressure below 50° T1c was per-
formed on Silica gel F-254 (Merck) with benzene-methanol (96 4-9 1), and detection
with ferric hydroxamate or charning with sulphuric acid Column chromatography
was carried out on Silica gel (Grace, mesh 50-100) N mr spectra were measured
with a Jeol INM-MH-100 spectrometer, and optical rotations with a Perkin-Elmer
Model-241 polarimeter

Parnal acetylation of D-mannose — A mixture of b-mannose (10 g, 55 mmol),
anhydrous sodium acetate (3 g), and acetic anhydride (30 ml, 317 mmol) was stirred
for 2 days at room temperature, and then filtered, diluted with water, and concentrated
The syrupy residue was partitioned between chloroform and water The aqueous
phase (2 86 g) contained D-mannose and sodium acetate T 1c of the chloroform
phase (~18 g) revealed two major components, and a portion (52 g) was eluted
from a column (42 x 4 cm) of silica gel, fractions (150 ml) were monitored by t1c

Elution with ether-benzene (5 95) (fractions 1-8), followed by ether-benzene
(1 9) (fractions 9-12), gave syrupy penta-O-acetyl-D-mannose (3 g), [«¢]p +28°
(c I, chloroform) The [«], values of the various crops obtamned by fractional
crystalhsation of the syrup from ether-light petroleum indicated an « f ratio of
~2.1. Nmr.data 7386 (d,J, , ~1.8 Hz, H-l«¢) and 408 (d, J, , ~1 2 Hz, H-18)
Fractions 13-15, eluted with ether-benzene (15 85), contained a mixture of the
penta-acetate and the tetra-acetate 1

Contnued elution with ether-benzene (15 85) (fractions 16-41) gave 1 (1 2 g),
[«]p +23° (¢ I, chloroform) N.mr data (CDCl;) © 3.92 (bd, J ~2 Hz, H-1x),
411 (bd, J < 2 Hz, H-18), 6 96 (bs, 1 H, OH), and 7 84-7 96 (12 H, 4 AcO)

Anal Calc for C,;H,,0,, C, 4828, H, 574 Found C, 48 20, H, 565

Fractions 42-50, eluted with ether—benzene (1 -4), contamned tetra-acetate and,
presumably, triacetate

1,2,3,6-Tetra-O-acet yl-4-O-methyl-B-D-mannopyranose (2) — To a solution
of 1 (467 mg) in dichloromethane (5 ml) at —5°, boron trifluoride etherate (0 02 ml)
was added The solution was kept at —5° during the addition of excess of diazo-
methane 1 dichloromethane and for a further 0 5 h at —5° to allow all colour to
discharge T lc then showed ~60%, conversion into the faster-moving product The
muxture was filtered and concentrated, and a solution of the syrupy residue 1n benzene
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(~10 ml) was extracted with water (6 x 10 ml) to remove 1 (110 mg), and then
concentrated to a syrup (313 mg), [«]p +32° (¢ 045, chloroform) Nmr data
(CDCl3). 7 6 55 (OMe) and 7 86-7 96 (12 H, 4 AcO)

Crystallisation from di-1sopropyl ether occurred slowly to yield 2, mp 136-
140°, [o]p —46 5° (¢ 0 43, chloroform), it " m p 75-76°, [«], +59° (chloroform),
for the a-D 1somer of this compound

Anal Calc for C,sH,,0;, C, 4972, H, 608 Found 4920, H, 617

Attempts to recrystallise the material recovered after the measurement of the
specific rotation failed A solution of syrupy 2 (20 mg) 1n methanol (3 ml) was treated
with O IM methanolic sodium methoxide (1 ml) for 4 h at room temperature Cations
were removed from the solution with Amberhte IR-120 (H*) resin, and the solution
was then concentrated to give chromatographically homogeneous (detection with
amline hydrogen phthalate) 4-O-methyl-D-mannose as a viscous syrup, [«]p +18 5°
(c 082, water), M 056, which was 1dentified by comparison with 4-O-methyl-D-
mannose {Iit ® [a]p +22° (water)} prepared from benzyl 2,3,6-tri-O-acetyl-o-D-
mannopyranoside’

Partial acetylation of D-ylose — A muxture of D-xylose (15 g, 100 mmol),
sodium acetate (7 5 g), and acetic anhydride (50 ml, 525 mmol) was stirred for 6 days
at room temperature T 1c revealed tetra-acetate and triacetate (major products),
and a smaller proportion of diacetate The slurry was filtered and the solids were
rinsed with chloroform The combined filtrate and washings were diluted with a large
volume of ethanol and concentrated Fractional crystallisation of the residue (24 9 g)
from ethanol gave tetra-O-acetyl-S-D-xylopyranose (8 5 g), m p and mixture m p
124-126°, it ° mp 124 5-126°.

The mother hiquors were concentrated to a syrup, a solution of which n
benzene (100 ml) was filtered and then extracted with water (10 x 10 ml) which
removed the lower acetates together with some tnacetate The benzene layer was
then equilibrated with water, the aqueous solution was extracted with chloroform,
and the extract was concentrated to give the syrupy triacetate fraction (8 9 g), [«]p
+5° (¢ 047, chloroform) Fractional crystallisation from di-isopropyl ether gave
the 1,2,4-triacetate 4 (2 g) as needles, m p 136-137°, [a]p, —17° (¢ 0 19, chloroform)
Nmr data (CDCl;) 7422 (d, J, ; 7 Hz, H-1), 500 (m, H-2,4), 580-6 50 (in,
H-3,5,5"), 718 (bs, 1 H, OH), and 7 90 (s, 3 AcO)

Anal. Cale for C,;H,,05 C, 4782, H, 579 Found C, 48 25, H, 559

Methylations with diazomethane-boron trifluoride etherate — (a) 1,2,4-Tri-O-
acetyl-3-O-methyl-$-D-xylopyranose (5) To a solution of 4 (350 mg) 1n dichloro-
methane (6 ml) at 0° was added boron tnifluoride etherate (0 02 ml), and the solution
was maintained at 0° during the addition of excess of diazomethane 1n dichloro-
methane, and then kept for 1 h to allow all colour to be discharged T 1c¢ then showed
an almost complete conversion imto a faster-moving product The muxture was
filtered, and concentrated to give 5 as a syrup (360 mg), [« ]p —42° (c0 2, chloroform)

Anal Calc for C,,H,;305 C, 4965, H, 62 Found C, 5121, H, 593

A solution of 5 (80 mg) in dry methanol (3 ml) was treated with a catalytic
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amount of sodium methoxide. When deacetylation was complete, the solution was
de-ionised and concentrated to a syrup which was dried by distillation with methanol
and extracted with acetone The extract was concentrated to dryness The product
(~30 mg) mugrated at the same rate as an authentic sample of 3-O-methyl-p-xylose
on electrophoresis 1n borate buffer, and had Mg 0 70 (it *° 0 66)

(b) When the procedure 1n (@) was applied to the syrupy triacetate fraction,
3-0-methyl-D-xylose was formed together with a trace of the 2-O-methyl analogue.

1,2,4-Tri-O-acetyl-3-O-phenylcarbamoyl-B-p-xylopyranose (6) — To a solution
of 4 (200 mg) n dry toluene (4 ml) were added phenyl 1socyanate (0 5 ml) and dry
pyridine (0 75 ml) After 24 h at room temperature, t l.c showed almost complete
conversion of 4 into material of higher Ry value The solution was treated with water
to decompose excess of phenyl 1socyanate, kept for 1 h at room temperature, filtered,
and concentrated The syrupy residue was extracted with chloroform (30 ml), the
extract was filtered and washed with 0 59 aqueous copper sulphate and water to
remove pynidine, dried (Na,SO,), and concentrated, and the residue was crystallised
from the minimal volume of di-isopropyl ether to give 6 as needles (220 mg) Re-
crystallisation from di-1sopropyl ether gave matenal, mp 150°, [a]p +8° (¢ 02,
chloroform) N m r. data (CDCl;} t 275 (m, 5 H, Ph), 320 (bs, 1 H, NH), 4 30
(d, 1 H,J, , 7 Hz, H-1), 480-510 (m, 3 H, H-2,34), 586 (dd, 1 H, J5 5 11, J5,
45 Hz, H-5), 642 (dd, 1 H, Js 5 11, J5. 4 9 Hz, H-5'), and 792-796 (2 s, 9 H,
3 AcO)

Ana! Calc for C,gH,,NO, C, 5468; H, 532, N, 354. Found C, 54.73,
H, 5.50, N, 343
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