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The amount of per-O-acetyl-2-O -benzyl-D-xylopyranoses and xylofuran-
oses in the product of acetylation of 2-O-benzyl-D-xylose (I) depends greatly
on the method of acetylation applied. While standard acetylation with acetic
acid anhydride in the presence of sodium acetate at 100°C results in the
formation of an appreciable amount of furanoses, the product of acetylation of
I with acetic acid anhydride in pyridine contains minimum amount of furanoses
and crystalline 1,3,4-tri-O-acetyl-2-O-benzyl-B-D-xylopyranose (II) can be
isolated from it. When II was treated with hydrogen bromide in dichloro-
methane the f-bromide was fornted first; anomerization then produced the
thermodynamically more stable a-bromide (III). Methanolysis of III afforded
methyl 3,4-di-O-acetyl-2-O-benzyl-B-D-xylopyranoside (IV) identical with
methyl 3.4-di-O-acetyl-2-O-benzyl-f-D-xylopyranoside obtained by acetyla-
tion of the known, independently prepared, methyl 2-O-benzyl-B-D-
-xylopyranoside. The title glycoside V was obtained by hydrogenolysis of the
benzyl ether IV. Synthesis of the hitherto unknown crystalline
1,3,4-tri-O-acetyl-B-D-xylopyranose is also described.

Conepxahne nep-O-auetun-2-0O-6eH3UN-D-KCHIONMPaHO3 U Kcuiogypa-
HO3 B MpOAYKTE aueTununpoBaHus 2-O-6eH3un-D-kcunosbl (I) 3aBHCHT OT
NPHMEHSEMOTO METO/1a aLeTUIMpoBaHus. [Toka YTO CTaHAAPTHBIM aLETHINPO-
BaHMEM YKCYCHbIM aHTHMADMAOM M auetatoM Hatpus npu 100°C Bo3HHMKaeT
MPOAYKT C BBICOKMM cofepXaHueM ¢hypaHO3, MpPOAYKT aleTHIHPOBaHUA [
YKCYCHBIM aHruapuaoM B nupuause npu 20°C cogepXUT MHHUMYM (ypaHO3
M MOXHO M3 HEro MoNy4nTh KpUCTaIMYecKyto -nupano3sy I1. Bo3neiicTBuem
HBr B CH,Cl, Ha II o6pa3yeTcs BHayaje COOTBETCTBYIOLUHH [3-rIMKO3MN
6poMuJ, KOTOPbIH MENJEHHO aHOMEPH3UPYETC Ha TEPMOAHHAMHYECKH 6oJee
ycTo#uuBbii a-6pomun II1. MeTanonusom I11 Bo3HukaeT MeTHArIUKO3uA IV
TOXAeCTBEHHbIA ¢ MeTun-3,4-1u-0-aueTnn-2-0-6eH3u-f -D-KCHIIONUPaHO-
3MAOM MONYYEHHBIM aUETHIMPOBAHHEM MeTHI-2-0O-6eH3un-f-D-Kcuiionupa-
HO3MAa, TPUTOTOBIEHHOTO HE3aBUCHMbIM criocob6oM. B Haanucu npuBeaeHHbIH
anerat V nonyuyuics KOHBEHUMOHHBIM TMAPOreHonu3oM OeH3un adwupa IV.
OnuchbIBaeTCs TaKXe NMPUTOTOBIEHUE 10 CUX NIOP HEU3BECTHOW KPHCTANLIMYeC-
ko# 1,3,4-Ttpu-O-aueTnn-f-D-KCHIONHPAHO3bI.

* Part XIII: Chem. Zvesti 29, 544 (1975).
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ALTERNATIVE SYNTHESES OF METHYLATED SUGARS. XIV

Owing to small difference in the reactivity of hydroxyl groups in D-xylose
dimolar acetylation of alkyl p-xylopyranosides gives complex mixtures of isomeric
O-acetates from which pure, defined substances can be obtained only with
difficulties. Two different approaches to the synthesis of partially acetylated alkyl
glycopyranosides are shown in Scheme 1 as pathways A and B. (In principle, the
given scheme has general validity, provided methods are available for isolation of
pure products. Below the routes leading to the title glycoside are shown.) They
comprise : a) treatment of saccharides bearing a temporary blocking group with an
alcohol in the presence of an acid catalyst, acetylation of the resulting glycoside(s)
and regeneration of the temporarily blocked hydroxyl groups; b) alcoholysis of
glycosyl halides derived from temporarily blocked carbohydrate derivatives and
removal of the blocking group.
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Ac — acctyl Me — methyl
B — temporary blocking group X — halogen

The present work describes synthesis of methyl 3,4-di-O-acetyl-f-p-xy-
lopyranoside (V), a potential intermediate in the synthesis of 1— 2-p-xylose-type
oligosaccharides, through the two above-mentioned pathways. A comparison of
the yields shows that in spite of more steps involved pathway B is, in this particular
case, more advantageous since it gives a much better overall yield of the final
product.

The starting material in the present synthesis of V was readily obtainable
2-O-benzyl-p-xylose (I). An earlier report from this laboratory showed [1] that
crystalline methyl 2-O-benzyl-f-p-xylopyranoside can be isolated in ~32% yield
by chromatographic separation of methyl glycosides formed by treatment of I with
methanolic hydrogen chloride. Following pathway A, methyl 2-O-benzyl-8-p-xy-
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lopyranoside was acetylated and the resulting crystalline diacetate IV was hy-
drogenolyzed to afford the title glycoside V. Preparation of V through pathway A
required isolation of the intermediate methyl 2-O-benzyl-g-p-xylopyranoside by
chromatography and the overall yield (~25% from I) was not quite satisfactory.
A different procedure for the conversion of I to V was therefore devised (pathway
B).

Standard acetylation of common aldoses of the bp-series with acetic acid
anhydride in the presence of sodium acetate gives usually [2] good yields of per-
-O-acetyl-B-p-aldopyranoses. When 2-O-benzyl-p-xylose was treated in this way
a mixture of per-O-acetates was formed containing the isomeric pyranoses and
furanoses in an approximate ratio a,:f,:a;:f = 13:35:9:43. Perchloric
acid-catalyzed acetylation of I produced the isomeric acetates in the ratio
@,:B,:a;:f; = 72:18:~5:5. The least amount of furanoses was formed when I
was acetylated with acetic acid anhydride in pyridine (a,:f,:a,: 8, = 58:38:~
1:3) and the hitherto unknown 1,3,4-tri-O-acetyl-2-O-benzyl-8-p-xylopyranose
II could be crystallized from the crude product in 13.7% yield. The ratio of the
per-O-acetates in this product depended slightly on the reaction temperature.
When acetic acid anhydride was added to a solution of I in pyridine and the
reaction was allowed to proceed without cooling the product contained (compared
to the same reaction conducted. first at subambient and then at room temperature)
an unaltered amount of B-pyranose and a little more of §-furanose, the latter being
formed at the expense of a-acetates. The structure of II is confirmed by p.m.r. data
(Table 1) and the fact that hydrogenolysis of this substance yielded a
1,3,4-tri-O-acetate (VI) having physical constants different (m.p. 113.5—114.5°C
and [a]p —21.4°) from those found for the known 1,3,4-tri-O-acetyl-a-p-xy-
lopyranose (VII) (m.p. 134—137°C, [a]o + 123°) prepared as recommended [3].

The reaction of II with hydrogen bromide in dichloromethane was monitored by
polarimetry. Calculated specific rotations are plotted against time in Fig. 1, where
[a]o..-0 is the optical rotation of II in pure dichloromethane. The observed change
in the [a], values appears to suggest that II is initially converted to a §-bromide, or
at least to a mixture rich in the §-bromide, and that anomerization then takes place
in the presence of hydrogen bromide resulting in the formation of the a-bromide
II1. A similar observation was made [4] in the case of the reaction of per-O-p-ni-
trobenzoyl-2-O-benzyl derivatives of p-glucose with hydrogen bromide in dichlo-
romethane. The process of anomerization appears to have been speeded-up by
working up the reaction mixture, or the anomerization proceeded also in the
absence of hydrogen bromide [4]. This was indicated by the fact that when the
reaction mixture was concentrated after a reaction time of 20 min (Fig. 1)
a product having [a]o + 130° was obtained and its p.m.r. spectrum was identical
with that of III.

100 Chem. zvesti 31 (1) 98—105 (1977)



(LL61) SO1—86 (1) I€ HS3AZ ‘Way)

101

Table 1

Chemical shifts and coupling constants for [I—VII (CDCl,)*

Chemical shifts” (6)

Coupling constants (Hz)

Compound =
H-1 H-2 H-3 H-4 H-5 H-5'* OMe OH OAc Arom Hj Hi, Qo Doy D Jas Jas Jss
I 5.66d354q 521t 489sx 404q 346q — — 206,201,196 7.30 4.68d4.61d 7.0 86 86 49 9.0 -119
I 637d348q 548t 4.93sx 3.92° 3.82° — — 207,207 7.28 4.68d 4.41d 3.7 9.7 97 5.7° 10.0° —11.0°
IV 434d334q 5.14t 485sx 4.03q 3.29q 350 — 2.04,2.10 7.25 479d 457d 7.0 89 87 46 88 -11.6
V 428d3.53q 5.13t 491sx 4.08q 335q 3.54 ~3.54 2.09,2.04,2.11 — — — 6.7 82 82 48 9.0 -11.0
VI 5.62d 365t 5.14t 493sx 4.10q 3.50q — 3.29 2.15,2.06 —_ — — 65 85 83 46 85 -11.5
VII 6.14d3.89q 528t 495sx 3.88°q 3.65q — 339 2.18,2.10,2.04 — — — 38 94 94 52¢ 9.8 -11.0

a) Data obtained from spectra recorded at a sweep width 100 Hz.

b) Observed multiplicities: d — doublet, t — triplet, ¢ — quartet, sx — sextet, 0 — octet.
¢) The C-5 proton resonating at lower field is denoted H-5.

d) Benzylic protons.

€) Chemical shifts and coupling constants calculated by ABX analysis of the spectrum.
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Fig. 1. Plot of specific rotation against time in reaction of 1,3,4-tri-O-acetyl-2-O-benzyl-8-D-xy-
lopyranose with hydrogen bromide in dichloromethane.

The synthesis of the title glycoside does not require the isolation of pure II. The
reaction of hydrogen bromide in dichloromethane with the mixture of 2-O-ben-
zyl-per-O-acetates containing almost exclusively pyranoses gave a product rich in
III and when this was allowed to react with methanol under the conditions of
modified Koenigs—Knorr synthesis of f-glycosides [5, 6] the acetate IV was
formed in high yield. In addition to IV the thus obtained reaction mixture
contained four minor products which were not further examined but, according to
their chromatographic mobility, could be: methyl 3,4-di-O-acetyl-2-O-ben-
zyl-a-p-xylopyranoside, the product of hydrolysis of the bromide III and the two
acetylated methyl furanosides of 2-O-benzyl-p-xylose (formed from the corres-
ponding glycofuranosyl bromides present in crude III as a result of the
per-O-acetyl-2-O-benzyl-p-xylofuranoses contained in the starting acetate).
A portion of IV, identical with the substance obtained through pathway A, was
isolated from the reaction mixture by crystallization and further amount was
obtained by chromatography of the mother liquor (total yield of IV ~60% based
on I). Debenzylation of IV by catalytic hydrogenolysis then readily gave the
wanted title glycoside V.

Experimental

Melting points were determined on a Kofler hot-stage. Optical rotations were measured
with a Perkin—Elmer automatic polarimeter, Model 141. P.m.r. spectra for solutions in
chloroform-d were obtained with a Tesla BS-487B spectrometer at 80 MHz. Proton-signal
assignments were made by INDOR technique. The ratio of isomeric per-O -acetates in the
products of acetylation of 2-O-benzyl-D-xylose was based on the integrated areas for H-1 in
the p.m.r. spectra resonating at  6.14, J,, 3.8 Hz (H-1, a,); 6 5.66,J,, 7 Hz (H-1, 8,); 6
6.18, J,, ~4.5 Hz (H-1, a,); 6 6.03, J,,<1 Hz (H-1, B,). The H-1-signal assignments for
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the 2-O-benzyl-D-xylofuranose per-O-acetates were made in analogy with the series of
methyl O-methyl-a- and §-D-xylofuranosides [7].

Thin-layer chromatography on Silica gel G and preparative chromatography on
dry-packed silica gel columns (Merck, A.G., Darmstadt, Product No. 9385) were performed
with benzene—acetone mixtures: A. 15:1, B.25:1,and C. 10: 1. Before packing the silica
gel was equilibrated with 40% (v/w) of the mobile phase, instead of the recommended [8]
10%. Detection was effected by charring with 5% (v/v) sulfuric acid in ethanol. The reagent
for the conversion of per-O-acetyl-2-O-benzyl-D-xylose to the corresponding glycosyl
bromide was prepared by passing bromine-free hydrogen bromide [9] into dichloromethane
at —10°C. The resulting solution containing ~0.06 g HBr/ml (determined by weighing),
when stored in a refrigerator at + 5°C in a tightly closed bottle, remained colourless during
a period of several months. Solutions were concentrated at 2 kPa and 40°C.

Acetylation of 2-O-benzyl-p-xylose

a) Compound I (1 g) was added at 100°C to a mixture of acetic acid anhydride (3 ml) and
fused sodium acetate (0.5 g) and the mixture was stirred with the exclusion of moisture at
100—110°C for 2 h. T.l.c. in solvent A then showed only a spot at R, ~ 0.6 and the product
was isolated in the usual manner. After drying at 40°C/2 kPa the obtained syrup (1.4 g;
92%) had [a]Z + 8° (¢ 1.02, chloroform) and its p.m.r. spectrum showed that the isomeric
per-O-acetates were present in a ratio of a,:8,:a,: 8, = 13:35:9:43.

For C,zH,,0; (366.36) calculated: 59.00% C, 6.05% H; found: 59.15% C, 5.84% H.

b) Compound I (1 g) was added portionwise at 0°C to a mixture of acetic acid anhydride
(3 ml) and perchloric acid (70% ; 0.05 ml) and the mixture was left at room temperature
with the exclusion of moisture for 2 h. Work-up in the usual manner gave a syrup a solution
of which in benzene was decolorized with a little silica gel. Concentration of the filtrate gave
1.2 g (79%) of a mixture of isomeric per-O-acetates of I having [a]3 +66° (c 1,
chloroform) and the amount of the individual acetates, found by p.m.r. spectrometry, was
a,:B,:a:p = 72:18:~5:5.

Found: 59.17% C, 5.99% H.

c) Acetic acid anhydride (15 ml) was added to a cold (0°C) solution of I (5 g) in dry
pyridine (15 ml), the cooling was removed after 15 min, and the reaction mixture was
worked-up in the usual manner after additional 2 h. The colourless product (7.6 g; ~100%)
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had [a]y +61° (c 1.04, chloroform) and its p.m.r. spectrum showed that the isomeric
per-O-acetates were present in a ratio of a,:8,:a,: 8, = 58:38:~1:3. When the same
reaction was carried out without cooling at the initial reaction stage the obtained product
contained trace amount of a-furanose, had [a]3 + 52° and the ratio between the isomeric
O-acetates, found by p.m.r. spectrometry, was a,:f,: 8, = 56:38:6+

Found: 58.91% C, 6.00% H.

The B-acetate II slowly crystallized from isopropyl ether—heptane. The obtained
crystalline material (1.2 g) was recrystallized from isopropyl ether to give 1.05 g (13.7%) of
pure 1,3,4-tri-O -acetyl-2-O -benzyl-B-D-xylopyranose (II), m.p. 88.5—89.5°C, [a]Z +21°
(c 1, chloroform).

Found: 59.15% C, 6.18% H.

Catalytic hydrogenolysis of II, in the manner described for the preparation of V, gave
1,3,4-tri-O-acetyl-B-D-xylopyranose (VI), m.p. 113.5—114.5°C (from ether at 0°C),
[a]® —21.4° (c 1, chloroform).

" For C,H,,0, (276.24) calculated : 47.82% C, 5.83% H ; found: 49.01% C, 5.97% H.

Methyl 3,4-di-O-acetyl-2-O-benzyl-f-p-xylopyranoside (1V)

a) Methyl 2-O-benzyl-f-D-xylopyranoside [1] (0.85 g) in dry pyridine (2 ml) was treated
with acetic acid anhydride (2 ml) for 2 h and after usual work-up I'V was crystallized from
isopropyl ether. The obtained crystalline material (970 mg; 85.8%) was recrystallized from
the same solvent to give pure IV having m.p. 82.5—83.5°C and [a], +17.4° (c 1.03,
chloroform).

For C,;H,,0, (338.35) calculated: 60.34% C, 6.56% H ; found: 60.31% C, 6.57% H.

b) 2-O-Benzyl-D-xylose (5 g) was acetylated as described above (c) and the crude
product was treated with a solution of hydrogen bromide in dichloromethane (100 ml) for
11/2 h at room temperature. The solution was concentrated with co-distillation with
toluene to give crude bromide I1I, [a]¥ +130° (c 1, chloroform) as a syrup. A solution of
this product in a small amount of toluene was added to a mixture of dry methanol (65 ml),
yellow mercuric oxide (4.5 g), mercuric bromide (0.1 g), and Drierite (10 g) which had been
stirred for 2 h. After stirring for 1 h the mixture was filtered, the solids washed with
chloroform, and the filtrate combined with the washings was concentrated. A solution of the
residue in chloroform was washed with 1 M aqueous potassium bromide solution to remove
mercuric salts, with water, dried and concentrated. Crystallization from isopropyl ether,
after seeding with the above-described material, gave 3.6 g (51.5%) of IV, m.p. 81—83°C.
T.l.c. of the mother liquor in solvent A showed the presence of IV [R; 0.5] and small
amount of components having R, 0.2, 0.35, 0.4, and 0.6 (not further examined).
Chromatography with solvent B gave a further amount of IV (0.6 g; total yield 59.6%
based on I).
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Methyl 3,4-di-O-acetyl-f-p-xylopyranoside (V)

Compound IV (1 g) in methanol (20 ml) was stirred in a hydrogen atmosphere in the
presence of 5% palladium-on-charcoal catalyst (0.1 g) until t.l.c. (solvent A) showed that
the reaction was complete (~2 h). The product, isolated by filtration and concentration of
the filtrate, spontaneously crystallized. Recrystallization from isopropyl ether gave 0.67 g
(91%) of V which, when crystallized again from the same solvent, had m.p. 113.5—114.5°C
and [a]¥ —29° (c 1, chloroform).

For C,,H,,O, (248.23) calculated : 48.38% C, 6.50% H ; found: 48.05% C, 6.40% H.
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