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ABSTRACT

For the construction of N-glycoprotein glycan chains, valuable potential glycosyl
donors, O-a-D-mannopyranosyl-(1—2)-a~D-mannopyranose octaacetate (19) and O-o-
D-mannopyranosyl-(1—2)-0-a-D-mannopyranosyl-(1—2)-a-D-mannopyranose undeca-
acetate (20) were obtained in gram-scale by the acetylation and subsequent partial
acetolysis of baker's yeast, without the isolation of mannan. The acetolytic products were
investigated by matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF)
mass. spectrometry. Octaacetates of mannobiose (1—3) (11) and (1—6) (17) were
chemically synthesized.

INTRODUCTION

Synthetic methods are very important in the field of glycobiology for the
production of highly pure materials in large amounts for biological investigations. Over
the past two decades, a number of excellent publications have appeared about N-

glycoprotein glycan chains.1-12 The preparation of structural elements of such materials
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Man(al1—>2)-Man(al1 —6)
Man(al »6)

Man(al—>2)-Man(al 53)
Man(p1-»4)-GIcNAc(B134)-GIcNAc

Man(al1-2)-Man(a 1 —2)-Man(a1-53)

Figure 1

has been one of the ongoing research programmes in our laboratories.13-18 Figure 1
represents the structure of a typical oligo-mannose type oligosaccharide. Recently a mg-
scale preparation of this oligosaccharide was published by Ogawa et al..19

In the past in order to synthesize suitable oligomannosides to serve as building
blocks for the synthesis of high mannose type oligosaccharides, partially substituted
methyl and phenyl-1-thio-o-D-mannopyranoside derivatives were preparedl5 and
potential mannobiose-(1—2) glycosyl donors were synthesized by different chemical
methods.13.17 A novel semisynthetic route was recently proposed by us to prepare the
mannobiose (1>2) octaacetate based on the direct acetylation and subsequent acetolysis
of crude baker's yeast.17 Now we report on the gram-scale preparation of mannobiose
and mannotriose peracetates with (1—52) linkages, and also the chemical syntheses of
mannobiose (1—3) and (1—6) derivatives. The efficiency of MALDI-TOF mass

spectrometry for the investigation of the acetolytic products is reported in this article.

RESULTS AND DISCUSSION
Syntheses of mannobiose compounds

A series of partially substituted mannose derivatives was prepared earlier (such as
4, 5, 6 and 7) via the exo~(2) and endo-(3) dibenzylidene acetals of methyl a-D-
mannopyranoside (1) by chemo- stereo- and regioselective reactions with the LiAlHy-

AICl3 reagent20,15 (Scheme 1). Derivatives of mannobiose-(1—2) have also been
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synthesized15,17 and the interglycosidic linkage formed using silver triflate2! or HgBr; as
promoters22 or via the imidate procedure.23

Bearing in mind that the HO-3 of mannose is considered to be a rather unreactive
glycosyl acceptor, 520 was reacted with 8 using the effective silver triflate promoter21 to

give the crystalline disaccharide 9 (81%). Despite the highly acidic medium, the
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benzylidene acetal was stable at -40 °C, as was indicated in the 1H NMR spectrum of 9
(6 5.61 ppm for PhCH). Disaccharide 9 was converted into 10 by standard methods (Pd-
C/H; and Ac,0/Py) followed by the acetolysis of this latter compound (Ac0/H,SOy) at
0 °C to give 11. The known methyl a-glycoside (12) was obtained on deprotection of 9
(Scheme 2).

In order to synthesize the a(l—6)-linked mannobiose, as existing in N-
glycoprotein antennae, methyl 2 4-di-O-benzyl-(7)- and methyl 2,3,4-tri-O-benzyl-o-D-
mannopyranosides (6)15 were selected as glycosyl acceptors. For construction of the (1
—6) linkage, the HgBry promoter22 was used to minimize the possibility of orthoester
formation.24 However, selective mannosylation of diol 7 failed and the reaction with 1.2
equivalents of 8 (Scheme 3) resulted in a mixture of the corresponding (1—6)

disaccharide 13 (26% isolated yield) and the protected trisaccharide 14 (18% isolated
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yield). This experiment showed that the HO-3 of D-mannose can be somewhat reactive
to glycosylating reagents.

Similar conditions were applied for coupling 6 with 2 equivalents of 8 The crude
product was O-deacylated, the residue was partitioned between CH,Cl and water and
then the organic phase was concentrated and reacetylated. Column chromatography of
this product resulted in disaccharide 15 in an acceptable yield (67%). Disaccharide 15
was then converted into 16 by standard methods (Pd-C/Hy and AcyO/Py). Acetolysis of
this latter compound (AcyO/H;SO4) at 0 °C yielded 17 (Scheme 4). The (1—56)
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disaccharide 16 was more sensitive to the reaction conditions than was 10, so a little
mannose peracetate was formed and detected on TLC. Zemplén O-deacetylation of
compound 16 gave methyl 6-O-(a-D-mannopyranosyl)-o-D-mannopyranoside (18).
The physical data for 10-12 and 16-18 were in good agreement with those

reported in the literature.25
Acetylation and subsequent partial acetolysis of baker's yeast

All the chemical syntheses of manno-oligosaccharides are expensive and time
consuming. As an alternative, we recently proposed a novel semisynthetic route for
obtaining such materials from crude bakers yeast,17 a rich source of manno-
oligosaccharides. It has to be noted that partial acetolysis of isolated yeast mannan is a

known procedure.26 As described previously, powdered baker's yeast (7 g) was subjected
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to acetylation and then partial acetolysis conditions to give 130 mg of O-o-D-
mannopyranosyl-(1—2)-a-D-mannopyranose octaacetate 19."7 The second major
product was a linear trisaccharide (200 mg) which is now shown to be O-a-D-
mannopyranosyl-(1 —»2)-0-a-D-mannopyranosyl-(1—»2)-a-D-mannopyranose  undeca-
acetate (20). For the second experiment 1 kg of baker's yeast was suspended in warm
water, then filtered. Prior to treatment with 10% (v/v) H2SO4 in Acy0 at 70 °C for 10 h,
the substance was air-dried (225 g). After processing the solid product and the extract of
the water phase showed different TLC patterns. Thus, these portions of the product of
acetolysis were separately subjected to column chromatography. The "extract" (32 g) on
600 g of Kieselgel 60 gave several fractions which were collected as monosaccharide
(A), disaccharide (B), trisaccharide (C), and tetrasaccharide (D) regions. It is worth
noting that Region B contained two components, one giving a "black spot" and the other
"brown one" on TLC (charring with H,SO,). Column chromatography of the "solid"
product (70 g) on 1 kg of Kieselgel 60 was more complicated and yielded not only
regions A, B, C, and D, but also mixed fractions (4B, BC, CD), as well as fractions of
higher oligosaccharides (£ and F). The monosaccharide (4), disacchande (B),
trisaccharide (C), and tetrasaccharide (D) regions obtained by means of column
chromatography from the "extract” and the "solid" were combined, respectively.

The acetolytic products (the combined Regions B, C, and D, respectively) were
investigated by matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF)
mass spectrometry. Region B contained exclusively per-O-acetylated disaccharides (m/z
701.6 [M+Na], 717.6 [M+K]), whilst per-O-acetylated trisaccharides (m/z 989.7
[M+Na], 1005.8 [M+K]) and tetrasaccharides (m/z 1278.1 [M+Na], 1294.2 [M+K])
were the main components of Region C and D, respectively (Figure 2).

In order to obtain valuable manno-oligosaccharides, some fractions were re-
purified. Region A was a mixture of mannose and glucose peracetates from which penta-
O-acetyl-o-D-glucopyranose crystallized readily. The main component of the mixed

regions AB was octaacetyl-a,o-trehalose. Rechromatography of region B gave
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MALDI-TOF spectra of oligosaccharides (region B and region C)
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Figure 2 (continued)
MALDI-TOF spectra of oligosaccharides (region D)

octaacetyl-o,a-trehalose and  O-a-D-mannopyranosyl-(1—2)-a-D-mannopyranose
octaacetate (19). (O-a-D-Mannopyranosyl-(1—2)-0-a-D-mannopyranosyl-(1—2)-a-D-
mannopyranose undecaacetate (20) was obtained by means of column chromatography
from region C. Unfortunately, region D was a very complicated mixture as indicated by
TLC in different solvent systems. However, a linear tetrasaccharide could be obtained by
repeated column chromatography. Mixed regions BC and CD were not further
chromatographed.

As expected, compounds 19, 20, and the linear tetrasaccharide gave very simple
MALDI-TOF spectra. Among the peaks, the [M+Na]* predominated. The MALDI-TOF
spectrum of the tetrasaccharide derivative indicated that this substance was contaminated
with a small amount of penta- and hexasaccharide acetates. Subsequent HPLC

investigations confirmed this fact and showed only 92% purity of the sample. The exact
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MALDI-TOF spectra for higher oligosaccharides (region E and region F)
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Table 1

MALDI-TOF data for higher oligosaccharides (region E)

m/z
Sugar [M+Na] [M + Na-C14H1909] [M-C2H302] [M-C4H604]
unit
4 1277.7 947.5 1195.1 1136.6
5 1565.9 1235.7 1482.5 1424.2
6 1854.0 1523.8 1770.3
7 2142.0 1812.0 2058.2
8 2430.0 2100.2 2346.6
9 2718.1 2388.3
10 3006.2 2676.7
11 3294.5 2964.8
12 3582.6 3253.1
13 3870.8 3541.2
14 4159.0 3829.2
15 4447.1 4117.7
16 4735.3 4405.7
17 5023.2 4693.5
18 53114 4981.4
19 5599.4 5270.1
20 5887.5 55585
21 6175.4 5846.6
22 6463.5 6133.0
23 6751.3 6421.1
24 7039.6 6708.9
25 73273 6994.6
26 7616.0 7282.1
27 7903.8 7572.9
28 8192.2 7861.2
29 84803 8154.3
30 8767.5
35 10210.9
40 11648.0
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structure of this tetrasaccharide was not further investigated. The higher oligosaccharide
region (£) had a very interesting spectrum. In the main series of the peaks from m/z
1277.7 (tetrasaccharide) to m/z 11648.0 (tetracontasaccharide), the peaks followed each
other strictly by a 288 unit difference (Figure 3). The experimental data fitted in with the
calculated ones within 0.1% accuracy. The covering curve of the peaks in this [M+Na]+
series showed an almost ideal chromatographic elution profile. Comparing the intensity
of the corresponding peaks it was shown that the heptasaccharide peracetate was the
main component of region E. Some satellite series of peaks were observed with smaller
intensities, such as [M+Na-C14H1909]* (for data, see Table 1). The other higher
oligosaccharide region F showed the same pattern, but nonasaccharide peracetate being
the main component.

Zemplén O-deacylation of 19 and 20 gave the well-known mannobiose 2125 and

mannotriose 2227 derivatives, respectively (Scheme 5). Physical data of 21 and 22 were
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in good accordance with those reported in the literature. The 13C NMR spectrum of 22
clearly showed the (1—2) interglycosidic linkages. 28

For the construction of glycan chains of oligo-mannose type N-glycoproteins,
mannosyl peracetates (11, 17, 19 and 20) were prepared for conversion to the Koenigs-
Knorr-donors or glycosyl imidates. The semisynthetic procedure using crude baker's
yeast seems to be a simple and inexpensive route to some valuable manno-
oligosaccharides, although the preparation of homogeneous tetra- or higher
oligosaccharides is very complicated. It has been shown that MALDI-TOF mass

spectrometry is an applicable method to investigate structures of the acetolytic products.

EXPERIMENTAL

General methods. Melting points (uncorrected) were determined on a Kofler hot-
stage apparatus. Optical rotations were measured with a Perkin-Elmer 241 polarimeter.
NMR spectra were recorded with a Bruker WP-200 SY or Bruker DRX 500
spectrometer. Reactions were monitored by TLC on Kieselgel 60F254 (Merck) with
detection by charring with HpSO4. Kieselgel 60 (Merck) was used for short-column
chromatography. The MALDI measurements were carried out with a Bruker BiflexTM
MALDI-TOF mass spectrometer, equipped with a 337-nm nitrogen laser. The
instrument was used in both linear and reflector modes. The accelerating and the
reflector voltages were 19.5 and 20.0 kV, respectively. 2,5-Dihydroxybenzoic acid was
used as matrix and 100-200 laser shots were applied for each spectrum.

Methyl 2-0-Benzyl-4,6-0-benzylidene-3-0-(2,3,4,6-tetra-0O-acetyl-a-D-man-
nopyranosyl)-a-D-mannopyranoside (9). To a stirred mixture of methyl 2-O-benzyl-
4,6-O-benzylidene-o-D-mannopyranoside (5, 745 mg, 2 mmol),20 2, 3,4,6-tetra-O-acetyl-
a-D-mannopyranosyl bromide (8, 987 mg, 2.4 mmol), 4A molecular sieves (powdered, 3
g), and dry CH3Cl; (20 mL) was added a solution of silver triflate (617 mg, 2.4 mmol) in
dry toluene (20 mL) for 10 min at -40 °C in an Ar atmosphere. Stirring was continued

for another 30 min at -40 °C then pyridine (2 mL) was added. The mixture was diluted
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with CH,Cl (50 mL), and filtered through Celite. The filtrate was washed with aq 10%
Naz$703 (2 x 20 mL) and water (2 x 20 mL), dried, and concentrated. The crystalline
residue was recrystallized twice from EtOH to give 9 (640 mg; 45.5%): mp 166-168 °C;
[e]p +43° (¢ 1.53, CHCI3); lH NMR (CDCl3): § 7.50-7.23 (m, 10 H, aromatics), 5.61
(s, 1 H, PhCH), 5.48-5.16 (m, 4 H, H-1',2"3'4'), 4.80 (s, 2 H, PhCH>), 4.76 (d, 1 H, H-
1), 3.35 (s, 3 H, OMe), 2.08, 2.07, 2.06, and 2.00 (4 s, 12 H, 4 OAc); The combined
mother liquors were concentrated and purified by means of column chromatography (9:1
CH,Cl3-EtOAc) to give an additional amount of 9 (498 mg; 35.4%). The overall yield
was 1,138 mg (81%).

Anal. Caled for C35H42015: C, 59.82; H, 6.03. Found: C, 59.99; H, 5.98.

Methyl  2,4,6-Tri-O-acetyl-3-0-(2,3,4,6-tetra-O-acetyl-a-D-mannopyrano-
syl)-a-D-mannopyranoside (10). A mixture of 9 (703 mg, 1 mmol), EtOH (100 mL),
HOAc (10 mL), and Pd-C (100 mg) was stirred under H atmosphere overnight. The
catalyst was filtered off and the filtrate was concentrated. The residue was dissolved in
pyridine (8 mL) and AcyO (8 mL) was added. The mixture was kept overnight, at room
temperature, then it was concentrated and co-evaporated with toluene (3 x 10 mL).
Column chromatography of the residue (75:25 CH2Cly-EtOAc) gave 10: 618 mg (95%),
[a]p +35.6° (¢ 0.45, CHCl3), Lit. [a]p +34.9° (CHCI3),29 1H NMR (CDCl3): 6 4.98 (d,
1H, Jy2 1.5Hz H-1", 472 (d, 1 H, J12 1.5 Hz, H-1), 3.38 (5, 3 H, OMe), 2.21, 2.13,
2.12,2.11,2.06, 2.05, and 1.99 (75, 21 H, 7 OAc).

1,2,4,6-Tetra-0O-acetyl-3-0-(2,3,4,6-tetra-O-acetyl-a-D-mannopyranosyl)-a-
D-mannopyranose (11). To a solution of 10 (325 mg, 0.5 mmol) in Ac20 (1 mL) was
slowly added 4% (v/v) H28O4 in Ac0 (1 mL) at 0 °C. The mixture was stirred for 3 h
at 0 °C then another 3 h at room temperature, poured into ice-water containing
NaHCOs3, and then extracted with CH3Cly (3 x 30 mL). The combined extracts were
washed with aq 5% NaHCO3 (15 mL) and water (3 x 20 mL), dried, concentrated and
co-evaporated with toluene (3 x 10 mL). The product was purified by column

chromatography (6:4 hexane-EtOAc) to yield 11 (295 mg; 87%) as a foam; [a]p +36.3°
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(c 0.3, CHCI); Lit. [a]p +35.9%CHCI3);30 mp 170-172 °C; [a]p +37.6° (CHCL),31 1H
NMR (CDCl3): 8 6.10 (d, 1 H, J; 2 2 Hz, H-1), 5.03 (bs, 1 H, H-1'), 2.24, 2.15, 2.09,
2.06, and 2.00 (5 5, 24 H, 8 OAc).

Methyl 3-O-(o-D-mannopyranosyl)-a-D-mannopyranoside (12). A mixture
of methyl 2-O-benzyl-4,6-O-benzylidene-3-0-(2,3,4,6-tetra-O-acetyl-a-D-manno-
pyranosyl)-a-D-mannopyranoside (9; 246 mg, 0.35 mmol), EtOH (10 mL), HOAc (2
mL), and Pd-C (30 mg) was stirred in an Hy atmosphere overnight. The catalyst was
filtered off, the filtrate was concentrated and co-evaporated with toluene (3 x 10 mL).
The residue was dissolved in dry MeOH (30 mL), NaOMe (catalytic amount) was added,
and the solution was kept overnight at room temperature. The mixture was neutralized
with Amberlite IR 120 (H*) resin, filtered, and concentrated. The product was passed
through a column of Kieselgel 60 with BuOH-MeOH-H;0 2:1:1 as an eluent to give 99
mg (79%) of 12; amorphous; [a]p +94.2° (¢ 1, MeOH), +81.2° (¢ 0.16, Hy0); Lit. [a]p
+94.8° (H,0);32 13C NMR (D,0): & 103.04 (C-1"), 101.46 (C-1), 78.90 (C-3), 61.64
and 61.52 (C-6,6'), 55.44 (OMe); FABMS Calcd for C13H24011 (356.3). Found: m/z
357 [M+H]*, 379 [M+Na]+.

Methyl 2,4-Di-O-benzyl-6-0-(2,3,4,6-tetra-O-acetyl-a-D-mannopyranosyl)-a-
D-mannopyranoside (13) and Methyl 2,4-Di-O-benzyl-3,6-di-0-(2,3,4,6-tetra-0O-
acetyl-a-D-mannopyranosyl)-a-D-mannopyranoside (14). A mixture of methyl 2,4-
di-O-benzyl-o-D-mannopyranosidel3 (7, 374 mg, 1 mmol), compound 8 (493 mg, 1.2
mmol), dry CH2Cl, (8 mL), and 4A activated powdered molecular sieves (1.5 g) was
stirred under Ar for 15 min. HgBrz (360 mg, 1 mmol) was added and stirring was
continued for 24 h. The mixture was diluted with CH,Cly (40 mL) and filtered through
Celite. The filtrate was washed with aq 5% KI (2 x 10 mL) and water (3 x 10 mL), dried,
and concentrated. The products were separated by column chromatography (95:5
CH3Clz-acetone). The compound that first eluted was 13 as a foam: 182 mg (25.8%);
[a]p +56.3° (¢ 3.9, CHCI3); TH NMR (CDCl): 6 7.40-7.25 (m, 10 H, aromatics), 5.39-
5.24 (m, 3 H, H-2',3",4"), 5.00-4.53 (m, 4 H, 2 PhCH), 4.95 (d, 1 H, J;'» 1.6 Hz, H-1"),
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475 (d, 1 H, J12 1.2 Hz, H-1), 3.35 (s, 3 H, OMe), 2.36 (bs, 1 H, OH, deuterable),
2.15,2.07,2.03, and 1.98 (4 s, 12 H, 4 OAc);

Anal. Caled for C3sH44015: C, 59.65; H, 6.29. Found: C, 59.82; H, 6.30.

Second eluted was 14 as a foam: 190 mg (18.4%); [a]p +70° (c 0.58, CHCIl3);
IH NMR (CDCl3): & 7.44-7.23 (m, 10 H, aromatics), 5.42-5.16 (m, 6 H, H-2',3'.4' and
H-2"3"4",5.13 (d, 1 H, Jj»2» 1.0 Hz H-1") 490 (d, 1 H, I} 1.4 Hz, H-1"), 4.85-4.57
(m, 4 H, 2 PhCHy), 4.76 (d, 1 H, J; 2 1.5 Hz, H-1), 3.35 (s, 3 H, OMe), 2.14, 2.06,
2.05,2.04,2.03,2.00, and 1.98 (7 s, 24 H, 8 OAC).

Anal. Calcd for C49He2024: C, 56.86; H, 6.04. Found: C, 56.99; H, 5.95.

Methyl 2,3,4-tri-O-Benzyl-6-0-(2,3,4,6-tetra-O-acetyl-a-D-mannopyranosyl)-
a-D-mannopyranoside (15). Methyl 2,3 4-tn-O-benzyl-a-D-mannopyranosidel5 (6,
465 mg, 1 mmol) was reacted with 8 (822 mg, 2 mmol) in the presence of HgBry (360
mg, 1 mmol) as described for the preparation of 13 and 14. The crude product was
dissolved in dry MeOH (20 mL), the pH was adjusted to 8 by the addition of NaOMe
and the solution was kept overnight at room temperature. After neutralization (HOAc)
and concentration the residue was partitioned between CH2Cla (40 mL) and water (5
mlL). The organic phase was separated, dried, and concentrated. The product was
dissolved in pyridine (2 mL), Ac0 (2 mL) was added and the reaction mixture was kept
at room temperature for 4 h. The solution was concentrated and co-evaporated with
toluene (3 x 5 mL). The residue was purified by column chromatography (9:1 CH,Cl,-
EtOAc) to give 15 as a glass: 533 mg (67%); [alp +59.2° (¢ 1, CHCl3); IH NMR
(CDCl3): & 7.43-7.23 (m, 15 H, aromatics), 5.41-5.20 (m, 3 H, H-2',3'4), 3.32 (s, 3 H,
OMe), 2.14, 2.05,2.02, and 1.97 (45, 12 H, 4 OAc),

Anal. Calcd for C42Hs50015: C, 63.46; H, 6.34. Found: C, 63.30; H, 6.28.

Methyl  2,3,4-Tri-O-acetyl-6-0-(2,3,4,6-tetra-O-acetyl-a-D-mannopyrano-
syl)-a-D-mannopyranoside (16). Compound 15 (397 mg, 0.5 mmol) was hydrogenated
and then acetylated as descrnibed for the preparation of 10 to give 16 as a foam: 280 mg

(86%); [a]p +60.5° (¢ 1.01, CHCl3); Lit. [a]p +62.5° (CHCl3),33 1H NMR (CDCl3): &
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5.40-5.18 (m, 6 H, H-2,3,4,2'3",4"), 4.87 (bs, 1 H, H-1"), 4.69 (bs, 1 H, H-1), 3.42 (s, 3
H, OMe), 2.16, 2.11, 2.06, 2.05, 2.00, and 1.99 (6 5, 21 H, 7 OAc).
1,2,3,4-Tetra-0-acetyl-6-0-(2,3,4,6-tetra-O-acetyl-a-D-mannopyranosyl)-a-

D-mannopyranose (17). Compound 16 (325 mg, 0.5 mmol) was acetolyzed as
described for the preparation of 11 until the starting material disappeared (1 h). TLC (6:4
hexane-EtOAc) showed the presence of a small amount of mannose-pentaacetate.
Column chromatography of the crude product (6:4 hexane-EtOAc) gave 17 (245 mg;
72%); [a]p +64.2° (¢ 0.52, CHCIg), Lit. mp 162 °C; [a]p +68° (CHCI3),34 1TH NMR
(CDCl3): 8 6.05(d, 1 H, J; 2 1.6 Hz, H-1), 4.83 (bs, 1 H, H-1), 2.20, 2.19, 2.16, 2.11,
2.08,2.06,2.02, and 1.98 (8 s, each 3 H, 8 OAc).

Methyl 6-0-(a-D-Mannopyranosyl)-a-D-mannopyranoside (18). To a solution
of 16 (200 mg, 307 pmol) in dry MeOH (20 mL) was added a catalytic amount of
NaOMe. The reaction mixture was kept overnight at room temperature, then neutralized
with Amberlite IR 120 (H+) resin, filtered, and concentrated to give 105 mg (96%) of 18
as an amorphous foam: [o)p +73.2° (¢ 0.23, H20); [a]p +76.1° (¢ 0.76, MeOH); lit.
[a]p +88.3° (H20),35 13C NMR (D,0): 6 101.71 (C-1"), 100.16 (C-1), 66.30 (C-6),
61.65 (C-6"), 55.48 (OMe), FABMS Calcd for C13H240)1 (356.3). Found: m/z 357
[M+H]+, 379 [M+Na]J+.

Acetylation and Subsequent Partial Acetolysis of Baker's Yeast. Crude
baker's yeast (1 kg) was suspended in warm (45 °C) water, then filtered and air-dried.
This material (225 g) was added in portions to a vigorously stirred mixture of Ac20 (600
mL) and concd HSO4 (60 mL) for a period of 30 min, then stirring was continued for
10 h at 70 °C. After cooling, the mixture was poured into vigorously stirred water (6 L).
The separated solid was filtered off, washed with water (2 x 300 mL) and then air-dried
(134 g). The water phase was extracted with CH,Cl; (3 x 400 mL), the organic solution
was successively washed with aq 10% NaOH (2 x 120 mL) and water (3 x 120 mL),
dried, and concentrated to give syrupy crude material (32 g). The dry matenal (134 g)

was suspended in CH,Cl; (1.5 L) and the mixture was filtered. The filtrate was washed
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with 10% aq NaOH (2 x 200 mL), water (4 x 200 mL), dried over MgSOy, and
concentrated (70 g). The crude products were chromatographed separately. In the case
of the "extract” (32 g), column chromatography on Kieselgel 60 (600 g) with CH,Cl,-
acetone (9:1-585:15—8:2) as an eluent, gave several fractions which were collected as
monosaccharide region A (5.5 g), disaccharide region B (5.4 g), trisaccharide region C
(2.25 g), and tetrasaccharide region D (2.1 g). The crude product from "solid" (70 g) on
1 kg of Kieselgel, under the same conditions yielded regions 4 (0.6 g), AB (5.24 g), B
(3.75 g), BC (6.6 g), C (5.75 g), CD (4.52 g), and D (9.18 g). Continued elution with
8.2 CH2Cl2-MeOH gave higher oligosaccharide regions E (5.26 g); [a]p +65.9° (¢ 1.55
CHCL3); and F (8.99 g); [a]p +70.5° (¢ 0.96 CHCl3). For MALDI-TOF data, see
Table 1.

Recrystallization of the combined regions 4 (twice from EtOH) gave only penta-
O-acetyl-o-D-glucopyranose. In the case of region AB the same procedure yielded
octaacetyl-o, a-trehalose.

Compound 19 was isolated by rechromatography of the combined regions B
(9.15 g) on a column of Kieselgel 60 (550 g) using 9:1-—>85:15 CHCls-acetone as an
eluent; 2.78 g; [a]lp +36.7° (¢ 1 CHCI3); mp 138-140 °C (EtOH); 1H NMR (500 MHz,
CDCl3): 6.24 (d, 1 H, J; 2 2.0 Hz, H-1), 5.43 (t, 1 H, J4 5 10.0 Hz H-4') 541 (dd, 1 H,
J31 4 10.0 Hz, H-3"), 5.29 (dd, 1 H, J5 4 10.1 Hz H-3) 5.27 (dd, 1 H, J»' 3 3.4 Hz, H-2"),
5.26 (t, 1 H, Jg 5 10.1 Hz, H-4), 495 (d, 1 H, J. 1.6 Hz, H-1), 4.25-4.11 (m, 5 H, H-
5', H-6a,6b, H-6a'6b"), 4.05 (dd, 1 H, J2 3 3.0 Hz, H-2), 401 (m, 1 H, H-5), 2.15, 2.14,
2.10, 2.08, 2.05, 2.04, 2.035, and 2.01 (8 s, each 3 H, 8 OAc);, 13C NMR (CDCl3): 6
170.84, 170.71, 170.45, 169.88, 169.68, 169.41, 169.15, and 168.15 (C=0), 99.18 (Jc-
111 176 Hz, C-1'), 91.36 (Je-1 4.1 179 Hz, C-1), 75.82 (C-2), 70.62, 69.76, 69.63,
69.54, 68.25, 66.13, and 65.39 (skeleton C-s), 62.35 and 61.65 (C-6 and C-6'), 20.81,
20.55, and 19.66 (C-Me); MALDIL-TOF: Calcd for C28H38019 (678.60). Found: m/z
701.5 [M+Na], 717.6 [M+K].
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Compound 20 was obtained by means of column chromatography of the
combined regions C (8 g) on a column of Kieselgel 60 (500 g): 3.56 g; [a]lp +39.1° (¢
0.89 CHCl3); 'H NMR (500 MHz, CDCl3): 6.25 (d, 1 H, J1 2 2.3 Hz, H-1), 5.14 (d, 1
H, Jy 2» 2.1 Hz, H-1"),4.95(d, 1 H, J;' 2 1.9 Hz, H-1'), 4.15 (t, 1 H, H-2), 4.08 (1, 1 H,
H-2Y), 2.16, 2.157, 2.14, 2.13, 2.10, 2.09, 2.06, 2.05, 2.048, 2.046, and 2.01 (11 s, each
3 H, 11 OAc) ; 13C NMR (CDCl3): 6 170.82, 170.41, 170.14, 169.98, 169.71, 169.41,
169.30, 169.20, and 168.20 (C=0), 99.81 (Jc.1"H-1* 175.4 Hz, C-1"), 99.31 (Je-1H-1'
173.5 Hz, C-1'), 91.49 (Jc-11-1 180 Hz, C-1), 77.36 (C-2), 75.38 (C-2'), 70.71, 69.92,
69.60, 69.47, 68 33, 66.20, 65.98, and 65.47 (skeleton C-s), 62.41, 62.12, and 61.60 (C-
6, C-6', and C-6"), 20.77 and 20.55 (C-Me); MALDI-TOF: Calcd for C4oH354077
(966.86). Found: m/z 989.4 [M+Na], 1005.4 [M+K].

Repeated column chromatography of a sample (0.5 g) of the combined regions D
resulted in a tetrasaccharide: 70 mg; [a]p +35.6° (¢ 0.64 CHCl3); 13C NMR (CDCl3): &
99.79, 99.38, 99.00, and 91.40 (anomeric region), 62.51, 62.38, 61.76, and 61.53 (for
C-6,6'6"6"); MALDI-TOF: Calcd for Cs52H70035: (1255.12). Found: m/z 1278.0
[M+Na], 1294.2 [M+K]. The exact structure of this tetrasaccharide was not further
investigated.

O-a-D-Mannopyranosyl-(1—2)-a-D-mannopyranose (21). To a solution of
compound 19 (100 mg, 147 pmol) in dry MeOH (25 mL) was added a catalytic amount
of NaOMe. The mixture was kept overnight at room temperature, then neutralized with
Amberlite IR 120 (H*) resin, filtered and concentrated to give 21 (49 mg; 97%) as a
white foam; [a]p +51.8° (¢ 0.52 1:1 Hy0-MeOH); Lit. [a]p +48° (¢ 0.08 H70),26 +60°
(c 0.1 H»0),36 13C NMR (D70): 5 102.86 (C-1"), 93.21 (C-1), 79.80 (C-2), 61.75 (C-
6), 61.63 (C-6').

0-a-D-Mannopyranosyl-(1—52)-0-a-D-mannopyranosyl-(1—2)-a-D-manno-
pyranose (22). Compound 20 (140 mg, 145 umol) was deacetylated as described for 21
to yield 22 (70 mg, 96%) as a white foam; [a]p +53.9° (¢ 1 H;0); Lit. [a]p +55°
(H20)37; +55.3° (H0),36 +48° (H20),38 13C NMR (D70): 6 102.95 (C-1"), 101.27 (C-
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1M, 93.20 (C-1), 80.06 (C-2), 79.27 (C-2"), 61.78 with roughly double int., and 61.66
(C-6,6',6").
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