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ABSTRACT

In a modification of the Svensson degradation, otherwise permethylated glycopyranosid-2-uloses
bearing 4-O-glycosyl substituents are formed by the Swern oxidation. Base-catalyzed elimination on
treatment with triethylamine then gives 4-deoxy-3-O-methylglyc-3-enopyranosid-2-ulose-terminated oligo-
saccharides with liberation of glycosyl substituents as reducing sugars but without further degradation. Mild
acid hydrolysis results in removal of the unsaturated sugar residues so that the overall depolymerization
occurs with net loss only of the initially oxidized sugar residue.

INTRODUCTION

Svensson and collaborators'” developed a specific degradation requiring selec-
tive exposure of hydroxyl groups in otherwise permethylated polysaccharides, as by
controlled hydrolysis of acid-sensitive linkages or base-catalyzed removal of terminal
hexuronic acid residues*’, followed by oxidation of exposed hydroxyl groups and
base-catalyzed S-elimination from the resulting glycosiduloses. The nature of the
products is dependent on the relative placing of carbonyl groups generated and glycosyl
substitutents. In some instances chain scission occurs during the base treatment, but in
other instances an additional mild hydrolysis of acid-sensitive enolic linkages is required
before depolymerization takes place. There are well-documented examples of degrada-
tions initiated at glycopyranosid-3-uloses and glycopyranosid-4-uloses. The behaviour
in the reaction sequence of glycopyranosid-2-uloses bearing 4-O-glycosyl substituents is
less well understood. Studies by Rosell and Svensson® on the distribution of 4-O-
methyl-pD-glucuronic acid side-chains in birch xylan involved the degradation of such
glycopyranosiduloses. Treatment of the permethylated xylan with dimsyl base resulted
in the removal of uronic acid residues with exposure of aglyconic hydroxyl groups at C-2
of xylose units at branch points in the xylan backbone. Specific cleavage was effected by
successive oxidation with chlorine-dimethyl sulfoxide, base-catalyzed elimination, and
mild acid hydrolysis to give a mixture of xylo-oligosaccharides of varying size. The
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authors postulated, as shown in the generalized Scheme 1, that degradation proceeded
with net loss of residue C at which oxidation (step 1) had taken place and of the inttially
liberated reducing residue B’. 1t was supposed that such a reducing sugar unit B" would
be further degraded under the conditions of the base treatment (step 2a) and then lost on
mild acid treatment of the resulting pent-2-enopyranose residue (step 3al. As the
degradation products were polymer-homologous oligosaccharides. it was not possible
to assess the extent of degradation in the f-chimination and subsequent muild acid
hydrolysis. In connection with structural studies ore a highly branched fuco-4-0O-
methylglucuronoxylan’ it was desirable to develop a modified procedure that minimizes
the potential loss of structural information in the base-catalyzed g-chmination. The
procedure reported here has been developed with permethvlated oligosaccharnides
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Scheme [. Generalized outline for formation (step 1) and base-catalvzed degradation (step 2 of 4-0-

glycosylglycopyranosid-2-uloses, followed by mild acid hydrolysis (step 3y [for simplicity non-involved
substituents are omitted].
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containing 4-0O-glycosylglycosid-2-ulose units and involves the Swern oxidation® fol-
lowed by weak-base treatment with triethylamine.

DISCUSSION

Suitable 4-O-glycosylglycopyranosid-2-uloses were synthesized from hexa-O-
methylmaltal (1). Treatment of 1 with m-chloroperoxybenzoic acid in methanol pro-
ceeded with high stereoselectivity to form methyl 2',3,3",4',6,6'-hexa-O-methyl-f-malto-
side (2) as the sole detectable product whose identity was confirmed by conversion into
methyl hepta-O-methyl-B-maltoside’ (3). In preliminary studies'’, oxidation of 2 with
pyridinium chlorochromate'’ gave the corresponding 2-ulose and base degradation
afforded 2,3,4,6-tetra-O-methylglucose as the sole detectable product. In order to
ascertain the fate of both the residue undergoing oxidation and adjacent residues, higher
oligosaccharides containing a central 4-O-substituted glycopyranosid-2-ulose residue
were prepared. Glycal 1, again used as starting material, reacted with m-chloroperoxy-
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benzoic aaid in acetic acid and the whole reaction mixture was acetviated before product

isofation. As before, the reaction was highly stereoselective and resulted in the formu-
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triethylamine is added during work-up of the Swern oxidation and that the more-
strongly basic conditions used by Svensson et al.'* are not required to effect g-
elimination. The structure of 9 as methyl 4-deoxy-3,6-di-O-methyl-f-D-glycero-hex-3-
enopyranosylulose-(1—6)-2,3 4-tri-O-methyl-f-p-glucopyranoside was assigned on
the basis of (a) resonances in the '"H-n.m.r. spectrum for a vinylic proton (H-4) at § 5.90
and for an anomeric singlet at § 5.05, and (&) salient ions in the mass spectrum which are
shown here (Scheme 2).

In similar manner, an homologous tetrasaccharide 11 was synthesized by conden-
sation, with boron trifluoride as catalyst, of the trichloroacetimidate from 5 with methyl
2,2'.3.3 4 4'-hexa-O-methyl-B-gentiobioside (10) (prepared by standard methods from
methyl B-gentiobioside), followed by O-deacetylation to 12. Swern oxidation of 12
followed by further treatment with triethylamine without isolation of the initial oxida-
tion product gave only two compounds, namely, tetra-O-methylglucose and the unsat-
urated trisaccharide 13 whose structure was evident from the 'H-n.m.r. data. Although
the unsaturated oligosaccharides 9 and 13 were insufficiently stable to obtain satis-
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factory elemental analyses, both compounds were further characterized by exact mass
determinations. No degradation of tetra-O-methylglucose was detected in these reac-
tions and a branched methylated reducing trisaccharide, 2.6-di-O-methyl-3.4-bis-(-
(2.3.4,6-tetra-O-methyl-f-p-glucopyranosyh-o-galactose [, Szafrunek. unpublished
results]. was also stable when treated with tniethylamine.

As degradations of glycans containing 4-linked glveosid-2-ulose units would
result in the formation of ohigosaccharides with 4-deoxv-3.6-di--methvi-f-p-gircero-
hex-3-enopyranosylulose or similar residues at the non-reducing termini. it was neces-
sary to ascertain the mildest conditions for their selective removal with mimmum
hydrolysis of normal glycosidic linkages (step 3. Trial expenments on 9 and 13 and the
corresponding 4-deoxyhex-3-enopyranosides formed on reduction with sodium boro-
hydride showed that the fatter compounds were hydrolyzed more readily than the
former when heated at 80 with Amberhite TR-120(H " ) resin. With ervthritol tetraace-
tate as internal standard. reduction of 9 followed by hydrolvsis atforded methyl
2,3.4-tr1-0-methyl-f-D-glucopyranoside in 71% vield. A similar preparavve-scale treat-
ment of 13 led to the isolation of 10 in 72% yield with no other detectable products.
Reduction with sodium borohydride (or borodeuteride) also serves to identity reducing
glycose residues exposed during the S-elimination,

This modified method offers advantages over the original procedure of Svensson
etal.’ in that the Swern oxidation and f-elimination {steps I and 2)are compressed into
a single operation without intermediate 1solation of the oxidation product. and that the
triethylamine used in the f-elimination step causes no degradation at exposed reducing
sugar residues. The accompanying paper’ gives an example of the method applied to a
polysacchanide substrate.

EXPERIMENTAI

General methods. -- Solvents and reagents were purified and dried according to
standard procedures'’. Molecular sieves were activated and K.CO, wax dried by heating
to 400°. Evaporations were conducted under diminished pressure at <40 . Optical
rotations were measured with a Perkin-Elmer 141 polarimeter «t ~ 20 N.m.r. spectra
were recorded with a Bruker AM 300 spectrometer for solutions in CDCL unless
otherwise stated. G.l.c. was performed with a Perkin Elmer Sigma 38 chrumaiogmph
using fused-silica columns (Chromatographic Specialties Limited): AL a FS-mwide-bhore
capillary of DB-225. or B, a S-mnarrow-bore capillary of DB-S. For g.!.c.—n'z.s.‘ columns
were attached by a jet separator to ¢ VG Micromass 16F mass spectrometer. which was
operated with an inlet temperature of 230 | an joniration potental of 70 ¢V, and an
ion-source temperature of ~ 2530 Accurate mass determinations by fast-atom bom-
bardment mass spectrometry in a thioglycerol mairix were performed by Dr. Henrianna
Pang and her associates at the University of Toronte Carbehydrate Rescarch Centre.
Microanalyses were carried cut by Guelph Chemical Laboratories. Lid.

He.xa-O-mr’[hV{ma!nu’ 1. - Methanolic M NaOMe (1 mEL i was added to hexa-0O-
acetylmaltal” (1.12 g, 2 mmol) in dry MeOH (100 ml.) and the solution was kept for IR
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h. Sodium ions were removed by treatment with Amberlite IR-120 (H*) resin and the
filtrate was concentrated to a syrupy residue which was dried to constant weight,
dissolved in N,N-dimethylformamide (25 mL) under an argon atmosphere and NaH
(900 mg, 60% suspension in Nujol) was added'®. The mixture was stirred at room
temperature for 3 h, cooled to 0° and Mel (3 mL) was added slowly with stirring. The
solution was allowed to reach room temperature and was left overnight. Methanol was
added dropwise to ensure that all NaH had reacted, solvents were evaporated, the
residue was dissolved in CHCl, and the solution was washed 3 times with water and
dried. The solution was concentrated and the residue was chromatographed onsilica gel
(10:1, CHCl,~acctone) to give 1 as a syrup (703 mg, 89%), [«], +112.5° (¢, 1.0);
'H-n.m.r.: 6 3.32-3.63 (65, cach 3H, 6 0Me), 4.81 (dd. I H, J,, 6.71, J,;2.51 Hz, H-2),
5.63(d, 1H, J,, 3.75Hz, H-1"), and 6.44 (dd, 1 H, J,, 1.11 Hz, H-1).

Anal. Calc. for C H,,0,: C, 55.09; H, 8.22. Found: C, 54.83; H, 8.05.

Methyl 2',3,3' 4',6,6'-hexa-O-methyl--maltoside 2 and hepta-O-methyl derivative
3. —m-Chloroperoxybenzoic acid (345 mg, 2.0 mmol) in CH,Cl, (6 mL) was added with
stirring to 1 (0.39 g, 0.98 mmol) in MeOH (6 mL) at room temperature. T.l.c. showed
that reaction was complete after 1 h and the excess of peroxyacid was reduced by
addition of aq. 10% Na,S0,. The separated organic layer was washed with aq.
NaHCQ,, dried, and concentrated. The residue was chromatographed on silica gel (6:1
CHCl;-acetone) to yield syrupy 2 (0.37 g, 83%); '"H-n.m.r.: 63.33-3.64 (7s, each 3 H,
70Me),4.15(d, 1 H, J,,7.4Hz, H-1),and 5.63 (d, 1 H, J,., 3.8 Hz, H-1"). Hydrolysis of
a sample of 2 followed by reduction with NaBD, and acetylation gave 3,6-di- and
2,3,4,6-tetra-O-methylglucitol acetates, which were identified by g.l.c.—mass spectro-
metry on column A.

Anal. Calc. for C,jH,,0,,: C, 51.82; H, 8.18. Found: C, 51.97; H, 8.34.

Methylation of 2 (60 mg) in oxolane (4 mL) using NaH (70 mg) and Mel (0.9 mL)
afforded methyl hepta-O-methyl-f-maltoside (3) (47 mg, 74%), [«], +81° (¢ 1.0, CHCl,)
[lit.” [«], +81°]. Characterization of hydrolysis products as before afforded 2,3,6-tri-
and 2,3 4,6-tetra-O-methylglucitol acetates.

1,2-Di-O-qcetyl-2',3,3' 4,6 ,6'-hexa-O-methyl-f-maltose 4. — Hexa-O-methyl-
maltal (0.7 g, 1.8 mmol) in AcOH (12mL) at 0° was treated with m-chloroperoxyben-
zoic acid (0.587 g, 3.4 mmol) in CH,Cl, (15mL). The solution was kept for 3h at room
temperature, at which time t.l.c. indicated complete disappearance of the starting
material. Excess of peroxy acid was decomposed by the addition of aq. 10% NaHSO,,
CH,C}, (50 mL) was added, and the organic layer was washed with aq. 5% NaHCO, and
then water, and dried. Concentration gave a syrup (0.697 g, 83%) which was immediate-
ly dissolved in anhydrous pyridine and treated with Ac,O at 0°, and the solution was
kept overnight. Concentration of the solution and normal work-up gave a syrupy
mixture which was chromatographed onsilica gel (5:2 EtOAc-light petroleum) to give a
major fraction (563 mg, 75%) containing 4 with only traces of the anomeric a-maltose
derivative, [a], +104° (¢ 1.2); 'H-n.m.r.: 6 2.08, 2.12 (2’5, each 3 H, 2 OAc), 3.34-3.62
(6s,each 3H, 60Me),4.02(t,1H, J,, = J,;894Hz, H-2)),5.07(dd, H, J,,8.16, J,,
8.97Hz, H-2), 5.54 (d, 1H, J,., 3.76 Hz, H-1"), and 5.58 (d, 1 H, J,, 7.98 Hz, H-1);
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C-6'), 96.23 (C-17), 100.86 (C-1), and 103.97 (C-1'). G.l.c.—mass spectrometric exami-
nation (DB-5 column) showed a single peak with the fragment ions discussed elsewhere.

Anal. Calc. for C,)H,,0,,: C, 52.46; H, 7.92. Found: C, 52.26; H, 8.13.

Methyl O-(2,3,4,6-tetra-O-methyl-a-D-glucopyranosyi }-( 1 -4 )-O-( 3 ,6-di-O-me-
thyl-B-D-glucopyranosyl)-( 1 -6 )-2,3 4-1ri-O-methyl-f-p-glucopyranoside 7. — Trisac-
charide methyl glycoside (6, 26 mg, 0.38 mmol)indry MeOH (10 mL) was treated witha
catalytic quantity of NaOMe for [0 h. Sodium ions were removed on treatment with
Amberlite IR-120(H ) resin and concentration of the filtrate afforded 7 (18 mg, 75%),
[o], +34.87 (¢ 0.16); 'H-n.m.r: 6 4.15(d, 1 H, J,, 7.67Hz), 4.33 (d, 1 H, J,, 742 Hz,
H-1"), and 3.64 (d, 1 H, J,.,. 3.81 Hz, H-1").

Anal. Cale. for C,H,, 0, C, 52.16; H, 8.13. Found: C. 51.96; H, 8.10.

Oxidation of methylated trisaccharide glycoside T with oxalyl chloride-dimethyl
sulfoxide, followed by treatment with triethylamine. —— Dimethyl sulfoxide (175 L) was
added to freshly distilled oxalyl chloride (100 L) in dry CH,C1, (2.5mL) at —50°. The
mixture was stirred for 2 min and 7 (13 mg) in CH,Cl, (0.5 mL) was added slowly and
stirring was continued for 15 min. Triethylamine (0.7 mL) was added and the mixture
was stirred for 15 min and allowed to warm to room temperature. The mixture was
concentrated to dryness under vacuum, and the non-volatile residue in CH,Cl, was
washed three times with water, dried and concentrated to a syrup from which trisaccha-
ride 7 was absent. Chromatography on silica gel with gradient elution with CHCl,
containing 20-50% of acetone furnished three fractions (each 2-3mg). Fraction (i)
contained a single component with '"H-n.m.r. data and electron-impact mass-spectral
data (Scheme 2) consistent with the structure methyl 4-deoxy-3,6-di-O-methyl-f-D-g/y-
cero-hex-3-enopyranosylulose-(1 —6)-2,3.4-tri-O-methyl-f-b-glucopyranoside (9); 'H-
nm.r.:03.42-3.66(5s5,4 x 3H, 1 x 6H,60Me},4.14(d, 1 H,J,,7.7Hz, H-1"),5.05 (s,
I1H, H-1), and 590 (J,5 3.6Hz, H-4); exact mass calc. for fragment ion
M —(CH,OMe), —(H,0), C,;H,;O¢): 343.1393; found: 343.1383. Fraction (i/) was
chromatographically indistinguishable from 2,3.4,6-tetra-O-methyl-p-glucopyranose;
'"H-n.m.r.: 6 3.40-3.62 (45, each 3 H, 4OMe), 4.57 and 5.33 (2d, each 1 H, J,» 7.6 and
3.5Hz, H-1§ and H-12). Fraction (iif) contained the two aforementioned compounds
and a third component whose "H-n.m.r. spectrum showed anomeric protons consistent
with those of oxidized trisaccharide, methyl 0-(2,3.4,6-tetra-O-methyl-a-nD-glucopyra-
nosyl)-(1—4)- 0-(3,6- di- O- methyl-f-p-arabino-hexopyranosyl- 2-ulose}-(1 — 6)-2,3.4-
tri-O-methyl-g-p-glucopyranoside (8); 64.14(d, J,, 7.7 Hz, H-1), 4.92 (s, H-1"), and 5.50
(d, J,-» H-1"). G.l.c.—mass-spectrometric examination of the mixture using column B
showed no peaks in the trisaccharide region but a single peak was observed in the
disaccharide region whose molecular ion and fragment ions were consistent with those
arising from the proposed unsaturated disaccharide (9). A portion of the mixture of
reaction products was treated with Ac,0 and pyridine, and the resulting compounds
were examined by g.l.c.-m.s. Peaks were observed which corresponded to the afore-
mentioned unsaturated disaccharide (9) and 2,3.4,6-tetra-Q-methyl-p-glucopyranosyl
acetate (a,f-anomers not resolved) [M* at m/z 278, and fragment ions at m/z 219, 187,
and 155], but no trace of trisaccharide glycoside 6 could be detected, indicating
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completeness of oxidation of 7. A portion of the mixture from the Swern oxidation was
treated with Et;N 10% in CH,CI, for 7h, and t.l.c. examination of the products [10:3
CHCl;-acetone] showed complete disappearance of the trisaccharide oxidation-prod-
uct (8).

Methy! 2,2 3.3 4 4'-hexa-O-methyi-f-gentiobioside 10. — Methyl ff-gentiobio-
side'” was successively converted into the 6-O-trityl derivative'”. methylated by the
Brimacombe procedure'®, and O-detritylated with HBr in AcOH™ to give 10, 2], — 16
(¢0.5); 'Hnmr.: §3.16-3.64 (7s.each 3H, 7O0Me). 4.14 (d. 1 H. J.7.6Hz, H-1). and
4.36 (d, | H. J,., 7.7Hz, H-1").

Anaf. Calc. for C ;H, 0G0 C. 51.80. H, 8.20. Found: €. 51.87; H. 8.30.

Methyl O-12.3 .4 6-tetra-QO-methyl-a-oD-glucopyranosyl s-: 1 —4 j-Q-1 2-O-acetyl-
3.6-di-O-methyl-f-D-glucopyranosyl)-( 1 -6 )-O-( 2.3 4-1tri-O-methyl-B-D-glucopyrano-
syl)-(1—6-2,3,4-tri-O-methyvl-f-v-glucopyranoside 11. A mixture of molecular
sieves (4A. 0.5-5um, 170 mgj). 10 (144mg, 0.36 mmol) and «-trichloroacetimidate
(220 mg, 0.36 um, prepared from § as already described) in dry CH,CL (4 mL) was
stirred for { h, BF,-OEt, (17 xL) was added and the mixture was stirred for 2 days at
room temperature. The mixture was worked up as for 6 and chromatography on silica
gel (20:1 EtOAc-hexane) gave 11 (170 mg. 53%), [«], -+ 29 (¢ 1.0y Henmur: 0 2.08 (s,
3H,OAc), 3.34-3.63(12s. 11 =« 3H, 1 x 6 H, 130Me), 4.131d, 1 H.J,, 7.7Hz, H-1).
426(d, 1H, J, . 76Hz, H-1). 446(d, 1H, /., 7.8 Hz. H-1"} and 5.55¢d, I H. 4, .
3.7Hz, H-1""); exact mass calc. for (Cy,H,O,, + Na): 913.4256: found: 9134272,

Methvl O-2.3 4 .6-tetra-Q-methyvi-2-v-glucopyranosvi-7 | -4 -G-8 6-di-O-me-
thyl-f3-D- glucopyranosyl)-( -6 )-0-( 2 3 4-tri- O-methyvi-f-v-glucopyvranosyii-f 1-—6 i-
2.3 4-tri-O-methyl-f--glucopyranoside 12. -~ Catalytic O-deacetylation of 11 (170 mg)
with NaOMe as for 4 afforded 12 (140mg), [«], +26 (¢3.03 'H-nmor: d 3.32-3.63
(11,9 x 3H.2 x 6H.130Me). 4.14(d. 1H,J, ., 7.7THz. H-11.4.26(d. T H. J, . 72 Hz.
H-1).431(d, TH.J,., 7.7Hz, H-1") and 5.67 (d. L H, J, . 3.7 Hel H-V")Cexacr mass
cale. for (Cy;H,,0,, + Na): 871.4151: found: 871.4129.

Anal. Cale. for C,;H,,0,,: C, 52.30; H. 8.07. Found: €. 51.90; H. 7.5§.

Oxidation of methyiated tetrasaccharide 12 with triftuorcacetic anhydride -di-
methyl sulfoxide, followed by 1rearment with triethylamine. - - Trifluoroacetic anhydride
(800 p, 5.2 mmol) in CH,CL, (1 mL) was added to Me,SO (500 ¢L.. 7mmol) in CH,Cl,
(3mL) at —65-70°, the solution was stirred for 15 min. and 12 (60 mg, .07 mmol) in
CH,C1, (0.5 mL) was added with maintenance of temperature below — 65 . After 4 days
Et;N (1.5mL, 10.9 mmol) was added dropwise, the mixture was allowed to warm (o
room temperature and the CH,Cl, solution was washed with saturated NH,ClI solution.
and then water, and dried and concentrated. The residue was kept overnightin CH.CL.
containing ~ 10% of Et,N. Concentration of the solution followed by chromatography
onsilica gel (10:3 CHCl,~acetone) gave (i) 2.3.4.6-tetra-O-methvl-p-glucose (9 mg) and
(if) unsaturated trisaccharide 13 (32 mg), [a], — 64 (¢ 1.44); Henomor.: d 3.44-3.66 (9 5.
each3H,90Me). 4.11(d. 1 H,/J .81 Hz H-1),4.29¢d. T H./, . 7.6 Hz. H-17). 5.06 (s, |
H. H-17), and 5.87 (d. J,, 3.5 Hz. H-4"), "Conumurs 8, 99.28 (C-17). 103,70, 104.23
(C-1.1).114.07(C-4"). 147,60 (C-3"), and 183.83 (C-3"}: exwer mass cale. for (CL.H,,0..
-+ Naj: 633.27234; Found: 6332737,
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Reduction and selective hydrolysis of unsaturated trisaccharide 13. — Sodium
borohydride (10 mg) was added to 13 (25 mg) in water (1 mL). The solution was kept for
2h, AcOH wasadded to decompose excess hydride, Na ions were removed by treatment
with Amberlite IR-120 (H*) resin, and the solution was concentrated with additions of
MeOH to remove boric acid. The residue in water was heated with stirring with
Amberlite IR-120(H™") resin at 80° for 5h. Filtration of the mixture followed by
concentration of the filtrate and chromatography on silica gel (10:3 CHCl;—acetone)
afforded as the sole detectable product 10 (13.2 mg) which was chromatographically
and spectroscopically indistinguishable from the previous sample.
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