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Methyl and benzyl 2,3,4-tri- O-benzyl-D-glucopyranuronates, prepared from D-glucurono-6,3-lactone, afforded
selectively the corresponding a-glucopyranosiduronates by the aid of the condensing reagent system composed of p-
nitrobenzenesulfonyl chloride, silver trifluoromethanesulfonate, and triethylamine. Using this method, O-a-D-glucopy-
ranuronosyl-(1—3)-O-a-L-arabinofuranosyl-(1—3)-D-xylopyranose, one of the minimal component units in the structure
of plantago-mucilage A from the seeds of Plantago asiatica Linné constituting a Chinese medicine : chegianzi [EL{T].

Dehydrative glycosylation" (Eq. 1), using a 1-OH sugar
derivative as a glycosyl donor like 2,3,4,6-tetra-O-benzyl-
D-glucopyranose (1, DOH) and an acceptor (AOH), has an
advantage over the glycosylations that need preparation and
manipulation of reactive glycosyl donors.? The glycosyla-
tion reagent system (NST, Eq. 2)® composed of p-nitroben-
zenesulfonyl chloride, silver trifluoromethanesulfonate, and
triethylamine was usable for dehydrative glycosylation, Us-
ing NST system, we have previously synthesized a highly
branched tetrasaccharide.” The aim of this report is to show
that NST is usable for the stereoselective a-glucopyran-
uronosylation using the 1-OH derivative of methyl and ben-
zyl D-glucopyranuronates, 2® and 3(Chart 1).” No report of
the synthesis of a-glucuronide by use of dehydrative glyco-
sylation method has yet appeared.

DOH + AOH — DOA + H,0 (1)

DOH + AOH + p-NO,CsH4SO,Cl + CF3SO3Ag + EzN —
DOA +p-NO,C¢H4SO3H + AgCl + CF3SO3H-EtsN 2)

The donors 2 and 3 were prepared from the commercially
available lactone 4; this is an alternative to the known
methods®” which need oxidation processes.® The acetate 5,”
readily obtained form 4, was conveniently reacted with moist
acetyl bromide to give the bromide,'” which was condensed
with allyl alcohol in the presence of Ag,CO;. Treatment of
the product 6 with methanolic sodium methoxide furnished
the allyl B-glucuronide 7 (64% yield form 5) (Chart 1). Mild
benzylation'” of 7 by use of benzyl bromide and NaH in

# Present address: Department of Pharmacy, Kitasato University
East Hospital, Asamizodai, Sagamihara 228.

dimethyl sulfoxide afforded the benzyl ether 8. Hydrolysis
and benzylation of 8 gave the benzyl ester 9. The Rh-cat-
alyzed deallylation'? of 8 afforded 2 (35% from 7). Efficient
Pd-catalyzed deallylation'® converted 9 into the fully ben-
zylated donor 3 (36% form 7). The 2-methoxyethyl group'?
was not suitable for preparing 3. Treatment of the protected
2-methoxyethyl glucuronide 12 with TiCly mainly afforded
the isomerized product 13 instead of 3, the hydrolyzate of the
chloride C formed via the intermediate B (Chart 2).'Y Rapid
isomerization proceeds presumably via the intermediate A,
analogous to that postulated before.'*?

The NST system performed the condensations of the donor
2 with four kinds of acceptors : 14, 15, 16, and 17 (Chart 3) to
afford the corresponding anomeric pairs of the cross-conden-
sates in 82, 75, 89, and 86% yields, respectively (Table 1).
Except for the case of the primary alcohol 17, the a-glu-
curonides : 18, 20, and 22 were obtained mainly (Chart 4).
Hydrogenolyses of the a-linked disaccharide derivatives, 18,
20, 22, and 24 afforded the corresponding methyl esters 26,
27, 28, and 29. These esters were hydrolyzed to give the re-
spective a-glucuronides 31, 32, 33, and 34. The structures of
four (a-D-glucopyranosyluronic acid)-D-glucopyranoses, 31,
32, 33, and 34, and their methyl ester, 26, 27, 28, and 29, were
confirmed by their 3CNMR spectra in D,0O and the com-
parison with the data of the a-D-glucopyranosyluronic acids
and the a-linked glucobioses' (Tables 2 and 3). By the NST
system, the donor 3 condensed similarly with the above-men-
tioned four acceptors : 14, 15, 16, and 17 (Table 1). The ac-
ceptors, 14, 15, and 16, which are secondary alcohols, formed
selectively the corresponding a-glucuronides 36, 38, and 40.
The primary alcohol 17 furnished a significant amount of the
[-glucuronide 43. Hydrogenolytical debenzylations of the
totally benzylated glucuronide derivatives : 36, 38, 40, and
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Chart 2.

42 gave the corresponding a-glucuronides 31, 32, 33, and
34. In general, glycosylation using a benzylated glucosyl
donor and an appropriate promotor proceeds in a-selective
manner.” Since the corresponding derivatives of methyl glu-
curonate also undergo a-selective glycosylation,®®? it seems
that the influence of the carboxylic ester group on the stereo-
chemical course of the reaction is not clear.¥ However, we
found that the donors 2 and 3 carried out a-selective con-
densation with secondary alcohols as acceptor by the NST
system, whereas the similar condensation of 1 was not a-
selective.*” These results indicate that the ester group plays
a role in the apparence of a-selectivity of the reaction. The
ester group in the B-side of 2 and 3 may help the acceptor to
enter into the anomeric center from the a-side of the interme-
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Table 1. Results of Dehydrative Glycosylation
(DOH+AOH—DOA)
DOHY AOHY Conditions® DOA
% (%)
2 14 A 18+19
82 (65)
2 15 A 20+21
75 (68)
2 16 A 22+23
89 (72)
2 17 B 24+25
86 (51)
3 14 A 36+37
80 (66)
3 15 A 38+39
77 (72)
3 16 A 40+41
90 (73)
3 17 B 42+43
83 (52)

a) DOH=donor hemiacetal, AOH=acceptor alcohol. b) A
conditions, DOH : AOH : p-NO,C¢H4SO,Cl: CF3SO3Ag : Etz;N
(mo]/mol)=1.3: 1.0:2.5:2.5:2.5; B conditions, DOH: AOH : p-
NO,C¢H4S0,Cl: CF3S03Ag :EtsN  (mol/mol) = 1.3:1.0: 1.7
1.7:1.7.

diate D, whereas the intermediate E will give §-glucuronide
(Chart 5). The NSDT system, composed of the NST and
N,N-dimethylacetamide,'® did not improve a-selectivity of
the reaction at all. The ester group in D will prevent the
amide from forming the f-imidate, the precursor of the a-
glycosides.'®

Knowing that the NST performs a-selective glucurono-
sylation, we planned to synthesize the trisaccharide 44 con-
taining a-glucuronosyl linkage, using three monosaccharide
units 3, 45, and 46 via the disaccharide derivative 47, as
shown in Fig. 1. The trisaccharide 44 is one of the mini-
mal component units in the structure of plantago-mucilage
A, arepresentative mucous polysaccharide from the seeds of
Plantago major Linné. var. asiatica Decaisne (=Plantago
asiatica Linné), which constitutes the Chinese medicine
chegianzi [ BLF7¥-].!7

Mild benzylation'® of the a-xyloside 48 using benzyl
chloride and a limited amount of NaH gave a mixture of
partially benzylated products, from which the desired 3-OH
derivative 45 was obtained in 64% yield. Similarly, reaction
of the acetate 50 with benzyl chloride and a limited amount
of KOH afforded the 3-OH derivative 45 in 77% yield. Such
benzylation was applied to the acetylated £-xyloside 51 to
furnish mainly the 3-OH compound 52 (48%) (Chart 6). The
structures of 45 and 52 were confirmed by the observation of
the '"HNMR spectra of their acetates. The spectra showed
the presence of an acetoxyl group at the 3-position in each
of them.

An excess amount of trityl chloride was allowed to react

Bull. Chem. Soc. Jpn., 69, No. 11 (1996) 3249

with the furanoside 53 to afford mainly the desired ditrityl
ether 54 (48%) with minor amounts of the isomer 55 (31%).'”
Its structure was determined by the '"H NMR spectrum of its
acetate, which showed the presence of acetyl group at the 3-
OH group in 54. By way of allylation of the 3-OH group, 54
was converted into 57, the precursor of the donor 46.

The arabinofuranosylation of the acceptor 45 with the
donor 46 using the NST and the related system®” did not work
in a-selective manner. However, the system composed of
CoBr;, bromotrimethylsilane, and tetrabutylammonium bro-
mide?" performed a-selective condensation to give 58 and
59 (59%, 88a%). The a-furanosyl structure of 58 was con-
firmed by the presence of the signal of C1’ at §=106.5 in
its 3C NMR spectrum (CDCl3).2% This system was effective
for the a-selective condensations of 46 and 52 to give 60
and 61 (48%, 85a%) (Chart 7). Similarly, the donor 62 was
condensed with 45 and 52 to give 63 and 64 (49%, 88a %)
and 65 and 66 (49%, 88a %), respectively. Hydrogenolysis
of 63 gave the disaccharide 67. The a-furanosyl linkage was
confirmed by the observation of its '*CNMR spectrum in
D,0; the signal of Cl’ appeared at 6=111.6'%%" (Table 4).

Pd-catalyzed deallylation'” was applied to 58 to furnish
the acceptor 47, which was then condensed with 3 by the
NST system to give the desired a-glucuronide 68 with the
[-linked 69 (66%, 62a%). The signal of the newly formed
Cl” with a-configuration was observed at §=98.7 in the
BCNMR spectrum (CDCl3).?? Hydrogenolytic debenzyl-
ation of 68 afforded the trisacchride 44. The '>C NMR spec-
trum (Table 4) measured in D,O showed the signals of C1’
andC1” at 6=111.9 and 102.4, respectively,'> thereby show-
ing that both of C1’ and C1” have a-configuration.

In conclusion, the NST system is conveniently usable for
a-glucuronosylation using the 1-OH derivatives such as 2
and 3.

Experimental

The solvent systems for column chromatography on silica gel
(Kanto Chemical, No. 37047; gradient elution) and thin-layer chro-
matography on silica-gel plate (Merck DC-Plastikfolien Kieselgel
60 F254, Art. 5735) were chloroform—methanol (CM), 1,2-dichlo-
roethane—ethyl acetate (DE), hexane—ethyl acetate (HE), isopropyl
ether—ethyl acetate (IE), toluene~ethyl acetate (TE), and toluene-2-
butanone (TK). Evaporation was carried out under reduced pressure.
The optical rotations were measured on a JASCO DIP-150 Digi-
tal Polarimeter at room temp. The 'H and '>CNMR spectra were
recorded with a Varian VXR-300 spectrometer, accompanied with
the measurements of H.H-COSY, H,C-COSY, and DEPT spectra.m

The acetate 5° was prepared from the lactone 4 available from
Wako Pure Chemical Industries, Ltd. The acceptors, 14, 1529
16, and 17,2 were prepared by the known methods. The arabi-
nosyl donor 62 was the product of Pfanstichl Laboratory Inc.

Methyl (Allyl 2,3,4-Tri-O-acetyl-f -D-glucopyranosid)uronate
(6). To a cooled mixture of the acetate 57 (5.767 g, 15.3 mmol),
chloroform (170 ml), and acetyl bromide (34.6 ml), cold H,O (6.9
ml) was added dropwise under good stirring. After evolution of HBr
ceased, the vessel was tightly stoppered and kept in a refrigerator
overnight. The mixture was concentrated under reduced pressure,
and volatile matters were co-evaporated with toluene to give the
aceto bromide. To this were added cold allyl alcohol (55 ml) and
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Ag,COs (12.7 g), and the mixture was shaken until most of the bro-
mide was dissolved under cooling. The resulting slurry was stirred
at room temp in the dark overnight. Filtration, evaporation, and
chromatography with TK system gave 6 (4.303 g, 76%), mp 126—
127 °C; [alp —30° (c 0.8, CHCL) (lit,”” mp 133—134 °C; [a]p
—32° (¢ 1.1, CHCls)); 'HNMR (CDCl3) 6=4.60 (1H, d, J, ,=7.5
Hz, H1), 5.03 (1H, dd, J,3=9.5 Hz, H2), 5.25 (1H, t, J34=9.5 Hz,
H3), 5.22 (1H, t, J45=9.5 Hz, H4), 4.02 (1H, d, H5), 2.01 (3H,
s, Ac), 2.03 (6H, s, 2Ac), 3.75 (3H, s, Me), 5.82 (1H, m, allyl);
*CNMR (CDCl3) 6=99.5 (C1), 71.2 (C2), 72.1 (C3), 69.4 (C4),
72.6 (C5), 167.2 (C6), 52.9 (Me), 117.8, 133.1 (allyl), 20.5, 20.5,
20.6° (Ac).

Found: C, 51.39; H, 5.97%. Calcd for C;6H2,0,0: C, 51.33; H,
5.93%.

Methyl (Allyl #-D-Glucopyranosid)uronate (7). Treatment of
6 (2.000 g, 5.3 mmol) with methanolic sodium methoxide (0.06%,
70 ml) at room temp for 1.5 h gave a yellowish solution, which
was neutralized with acetic acid. The solvent was removed and the
resulting residue was chromatographed with CM system to afford 7

(1.103 g, 84%), mp 73—74 °C; [a]p —63° (c 0.8, H,0); 'HNMR
(D;0) 6=4.49 (1H, d, Ji,=7.5 Hz, H1), 3.26 (1H, dd, J,3=9.0
Hz, H2), 3.44 (1H, t, J34=9.0 Hz, H3), 3.51 (1H, quasi t, J45=9.5
Hz, H4), 3.98 (1H, d, HS), 3.74 (3H, s, Me), 5.87 (1H, m, allyl);
BCNMR (D,0)® §=105.9 (C1), 77.3 (C2), 79.8 (C3), 75.8 (C4),
79.1 (C5), 175.4 (C6), 57.7 (Me), 75.5, 123.5, 137.7 (allyl).

Found: C, 48.38; H, 6.57%. Calcd for CioH;607: C, 48.39; H,
6.50%.

Methyl (Allyl 2,3,4- Tri- O- benzyl- §- D- glucopyranosid)-
uronate (8). To a well-stirred mixture of 7 (1.086 g, 4.4 mmol),
dimethyl sulfoxide (11 ml), and benzyl bromide (3.76 ml), was
added NaH (ca. 60% dispersion in oil, 1.27 g) at 15 °C (bath temp).
After stirring for 10 min, the solidified mixture was kept standing
at 20 °C (bath temp) for 15 min. Toluene (165 ml) and H,O (55
ml) were cautiously added, and the organic layer was washed with
aq acetic acid (10%) and H,O. After evaporation, chromatography
with TK system gave 8 (1.26 g, 60%), mp 111—112 °C; [a]p —5°
(c 0.5, CHCl3); '"HNMR (CDCl3) 6=4.51 (1H, d, J;2,=7.5 Hz,
H1), 3.52 (1H, dd, J,3=9.0 Hz, H2), 3.67 (1H, t, J34=9.0 Hz, H3),
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Table 2. "*CNMR Spectral Data of Glucuronates (75.5 MHz, in D,0)®

C 26 27 28 29 30
a B a B a B a B a B
1 92.1 98.7 94.9 98.7 94.5 98.4 94.8 98.7 955 99.3
2 79.3 81.6 72.6 75.3 74.0 76.7 74.1 76.7 74.8 77.4
3 73.9 76.8 82.3 84.5 75.8 78.8 75.6 78.6 75.9 79.0
4 724 72.5 72.6’ 72.7° 79.4 79.2 72.3 72.1 7278 72.82
5 73.7 78.4 73.7% 78.3 72.3 76.9 72.6 76.9 73.8 78.2
6 63.2 63.4 63.0 63.1 63.1 63.2 69.2 69.0 723 72.4
14 99.6 100.7 1019 101.8 1022 102.1 101.0 100.9 106.2 106.2
2! 73.6 73.6 73.8? 73.8? 73.7° 73.7° 73.6 73.6 76.1 76.1
3’ 74.9% 75.0% 75.1 75.1 74.9 74.9 75.2 752 78.4 784
Yy 74.0 74.0 74.0 74.0 73.8 73.8 73.9 73.9 74.6 74.6
5 73.7 73.7 73.6 73.6 74.3 74.3 73.5 73.5 77.9 779
6 174.5 174.6 175.2 175.2 174.1 174.2 174.3 1743 174.3 174.2
Me 55.7 55.6 55.6 55.6 55.8 55.8 55.7 55.7 56.5 56.5
a) The carbons in the sugar moiety at the non-reducing end have prime number and those at the reducing end are numbered without
prime.
Table 3. "*CNMR Spectral Data of Glucuronides (75.5 MHz, in D,0)*
C 31 32 33 34 35
a B a B a B a B a B

1 929 99.5 95.7 99.4 95.2 99.1 94.8 98.7 95.5 994
2 79.8 82.2 7337 76.1 74.6 77.3 74.0 76.7 74.8 77.4
3 74.7 77.7 83.0 85.2 76.5 79.5 75.7 78.6 76.0 79.0
4 73.1 73.2 73.4° 73.5 80.4 80.3 722 72.0 72.7% 72.8°
5 74.5 79.1 747 79.0 732 77.8 727 76.9 73.8 78.2
6 64.0 64.2 63.7 63.9 63.9 64.0 69.0 68.7 72.1 723
I 100.1 101.2 102.5 102.3 103.0 102.9 100.8 100.7 105.9* 106.0°
2’ 74.4 74.4 74.6 74.6 74.8 74.7 73.7 73.7 76.1 76.1
3’ 75.9 75.9 75.9 75.9 75.9 75.9 75.3 75.3 78.6 78.6
4 74.9 74.9 74.9 74.9 74.8 74.8 74.3 743 74.7 74.7
5’ 74.5 74.5 74.6 74.6 75.6 75.6 73.9 73.9 78.1 78.1

6 177.47 177.5° 177.2 177.1 177.9 177.9 177.1 177.1 176.4 174.6

a) The carbons in the sugar moiety at the non-reducing end have prime number and those at the reducing end are numbered without
prime.

3.84 (1H, quasi t, J45=9.5 Hz, H4), 3.91 (1H, d, H5), 3.73 (3H, s,
Me), 5.94 (1H, m, allyl); >*CNMR (CDCl3) §=102.8 (C1), 81.8

0OBn
Bno®o"_ o8n §
(C2), 83.8 (C3),79.3 (C4),74.5 (C5), 169.0 (C6), 52.4 Me), 117.6, N "OBn <«—— g _AQN>/U\OBn
BnO —
133.0 (allyl). Bnog ;
o

Found: C, 71.63; H, 6.61%. Calcd for C3;H3405: C, 71.80; H,
6.61%.
Benzyl (Allyl 2,3,4-Tri-O-benzyl-f-D-glucopyranosid)uronate D E
). A mixture of 8 (1.174 g, 2.34 mmol), aq NaOH (2.0%,
4.53 ml), and 1,2-dimethoxyethane (11.7 ml) was stirred at 25 °C l
overnight. After evaporation in vacuo at 35 °C, the obtained residue
was stirred in dimethyl sulfoxide (17 ml) containing benzyl bromide a-Glucuronide B-Glucuronide
(1.2 ml) at 15 °C for 30 min and then at 25 °C for 2.5 h. After Chart 5.
the usual work-up, chromatography with HE system gave 9 (0.97
g, 72%), mp 58—359 °C; [alp —21 ° (c 0.8, CHCL;); '"HNMR
(CDCl3) 6=4.52 (1H, d, J:2=7.5 Hz, H1), 3.54 (1H, dd, J,3=9.0 (benzyl, ester), 117.6, 133.6 (allyl).
Hz,H2),3.67 (1H, t, J34=9.0 Hz, H3), 3.86 (1H, t, J45=9.0 Hz, H4), Found: C, 74.74; H, 6.42%. Calcd for C3;H3307: C, 74. 73; H,
3.95 (1H, d, H5), 5.95 (1H, m, allyl); *C NMR (CDCl3) 6=102.9 6.44%.
(C1), 81.7 (C2), 83.8 (C3), 79.3 (C4), 74.6 (C5), 168.4 (C6), 67.3 Methyl (2'-Methoxyethyl 2,3,4-Tri-O-acetyl-f-D-glucopyran-
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osid)uronate (10). A crude bromide, obtained from 5 (501 mg,
1.33 mmol) in a similar manner to that described for the preparation
of 6, was stirred in 2-methoxyethanol (11 ml) containing Ag,COs
(1.1 g) at room temp overnight in the dark. Usual work-up and
chromatography with TK system afforded 10 (377 mg, 72%), mp
90—100 °C; [a]p —19° (¢ 0.5, CHCl3); 'HNMR (CDCl3) 6=4.66
(1H,d, J1,=7.5Hz, H1), 5.02 (1H, dd, J>3=9.0 Hz, H2), 5.27 (1H,
t, J34=9.0 Hz, H3), 5.22 (1H, t, J45=9.0 Hz, H4), 4.04 (1H, d, HS),
2.02 (6H, s, 2Ac), 2.04 (3H, s, Ac), 3.34 (3H, s, Me, ether), 3.75
(3H, s, Me, ester); CNMR (CDCl3) §=100.9 (C1), 71.2 (C2),
72.1 (C3), 69.5 (C4), 72.6 (C5), 167.2 (C6), 59.0 (Me, ether), 52.9

(Me, ester), 20.5, 20.6 (2C) (Ac).

Fond: C, 48.52; H, 6.31%. Calcd for C;sH2401: C, 48.98; H,
6.17%.

Methyl (2'-Methoxyethyl §-p-Glucopyranosid)uronate (11).
The acetate 10 (200.0 mg, 0.51 mmol) was treated with methanolic
sodium methoxide (0.15%, 5.1 ml) for 1 h at room temp. After
neutralization with acetic acid and evaporation, chromatography
with CM system furnished 11 (114.0 mg, 84%), mp 100—101 °C;
[alp —43° (c 1.8, H;0); 'HNMR (D,0) 6=4.54 (1H, d, J;,=7.5
Hz, H1), 3.35 (1H, dd, J,3=9.0 Hz, H2), 3.53 (1H, t, J34=9.0 Hz,
H3), 3.59 (1H, t, J45=9.0 Hz, H4), 4.07 (1H, d, H5), 3.83 (3H, s,
Me, ester), 3.38 (3H, s, Me, ether); '* CNMR (D,0) 8=105.8 (C1),
76.1 (C2), 78.4 (C3), 74.6 (C4), 77.9 (C5), 174.2 (C6), 61.4 (Me,
ester), 56.4 (Me, ether).

Found: C, 43.47; H, 7.01%. Calcd for C;oHi305-0.5H,O: C,
43.63; H, 6.96%.

Benzyl (2'-Methoxyethyl 2,3 ,4-Tri-O-benzyl-f-pD-glucopyran-
osid)uronate (12). Compound 11 (188.5 mg, 0.71 mmol) was
treated with aqg NaOH (2%, 1.25 ml, 0.63 mmol) for 3h at 25 °C.
After freeze-drying, the residue was stirred in dimethyl sulfoxide
(2.0 ml) containing benzyl bromide (0.43 ml) and NaH (ca. 40%
dispersion in oil, 293.5 mg) at 15 °C for 15 min. After storage at 0
°C for 30 min, the mixture was processed in the manner described
for the preparation of 8 and chromatographed with HE system to
give 12 (141.8 mg, 33%), mp 93—94°C; [alp —17° (¢ 1.4, CHCl3);
'"HNMR (CDCl3) 6=4.52 (1H, d, J,2=7.5 Hz, H1), 3.54 (1H, dd,
J»3=9.0 Hz, H2), 3.67 (1H, t, J34=9.0 Hz, H3), 3.85 (1H, quasi
t, J45=9.5 Hz, H4), 3.95 (1H, d, H5), 3.38 (3H, s, Me); *CNMR
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Chart 7.

(CDCl3) 6=104.1 (C1), 81.6 (C2), 83.7 (C3), 79.2 (C4), 74.6 (C5),
168.4 (C6), 58.9 (Me), 67.2 (benzyl, ester).

Found: C, 72.08; H, 6.61%. Calcd for C37H4Os: C, 72.53; H,
6.58%.

Methyl 2,3,4-Tri-O-benzyl-D-glucopyranuronate (2). Com-
pound 8 (1.940 g, 3.7 mmol) was refluxed in a mixture of ethanol,
benzene, and H,O (7:3:1, 184 ml) in the presence of tris (tri-
phenylphosphine)rhodium(I) chloride (0.60 g) overnight.'” After
removal of the solvents, the residue was heated in acetone (113 ml)
containing dil HCI (3.5%, 3.4 ml) at 45 °C for 6 h. Evaporation
and chromatography with TK system gave 2 (1.049 g, 59%), mp
110—112 °C; [@]p +6° (¢ 0.8, CHCl3) (1it,Y mp 110—112 °C;
[alb +25.8° (c 1, CHCly)); 'HNMR * (CDCl3) (80%a) 8=3.24
(OH1), 5.22 (d, J,2=3.5 Hz, Hla), 4.75 (d, J12,=7.5 Hz, H1p),
3.61 (dd, J»3=9.0 Hz, H2a), 3.45 (dd, J»3=9.0 Hz, H2), 3.98 (t,
J34=9.0 Hz, H3 @), 3.68 (t, J34=9.0 Hz, H3), 3.76 (1, J45=9.0 Hz,
H4a), 3.85 (t, J45=9.0 Hz, H4p), 4.49 (d, H5a), 3.99 (d, H55),
3.70 (s, Mea), 3.72 (s, Mef); *CNMR (CDCl;3) §=91.6 (Cla),
97.7 (C18), 79.1* (C2a), 82.5 (C2p), 80.7 (C3a), 83.6 (C3P),
79.2" (C4a), 79.1 (C4f), 70.4 (C5a), 74.4 (C58), 170.1 (C6a),
169.3 (C6p3).

Found: C, 70.21; H, 6.42%. Calcd for C;3H3007; C, 70.28; H,
6.32%.

Benzyl 2,3,4-Tri-O-benzyl-D-glucopyranuronate (3). A
mixture of 9 (1.517 g, 2.55 mmol), PdCl, (200 mg), sodium acetate
(200 mg) and aq acetic acid (90%, 10 ml) was stirred for 1.5 h
at 60 °C.'? Filtration, evaporation, and chromatography with TK
system afforded 9 (1.180 g, 83%), mp 124—125 °C; [a]p —10° (¢

## For the equilibrated anomeric mixtures of the reducing sugars
(2, 3, 46, and the compounds in Tables 2, 3, and 4), each atom in
both anomers is numbered as 1@ and 18, 2a and 26, and so on.

0.5, CHCI,) (lit,” mp 124—125 °C; 130—132 °C, [alp —12° (c
1, CHCL); [alp +7.2° (¢ 1, CHCl3)); 'HNMR (CDCl;) (80%a)
6=3.36 (OH1), 5.24 (d, J,2=3.5 Hz, Hla), 4.74 (d, J,2=7.5 Hz,
H1p), 3.62 (dd, J,3=9.0 Hz, H2a), 3.47 (dd, J,3=9.0 Hz, H2),
4.00 (t, J34=9.0 Hz, H3a), 3.68 (t, J34=9.0 Hz, H3(), 3.79 (t,
J45=9.0 Hz, H4), 3.87 (t, J+5=9.0 Hz, H43), 4.54 (d, H5 ), 4.62
(d, H58); *CNMR (CDCl;) 8=91.6 (Cla), 97.7 (C18), 79.1°
(C2a), 82.5 (C2p), 80.6 (C3a), 83.6 (C3p), 79.7 (Cda), 79.22
(C43), 70.6 (C5a), 74.6 (C58), 169.6 (C6a), 168.7 (C6/8).

Found: C, 73.75; H, 6.27%. Calcd for C34H3407: C, 73.63; H,
6.18%).

Treatment of the 2-Methoxyethyl Compound 12. To a stirred
solution of 12 (50.0 mg, 0.082 mmol) in dichloromethane (1.0 ml)
was added TiCly (8.7 u1)."¥ Processing and chromatography with
TK system gave benzyl (2'-methoxyethyl 2 3,4-tri-O-benzyl-a-
D-glucopyranosid)uronate (13); (24.3 g, 49%); [alp +23° (¢ 0.8,
CHCL); '"HNMR (CDCl3) 6=4.86 (1H, d, J, 2=3.5 Hz, H1), 3.59
(1H, dd, J,3=9.0 Hz, H2), 4.01 (1H, t, J34=9.0 Hz, H3), 3.73
(1H, quasi t, J45=9.5 Hz H4), 4.36 (1H, d, HS), 3.34 (3H, s, Me);
BCNMR (CDCL) 6=97.8 (C1), 79.4 (C2), 81.3 (C3), 79.7 (C4),
70.5 (C5), 167.9 (C6), 58.9 Me) (Found: C; 72.26; H, 6.51%.
Calcd for C37H40O0s: C, 72.53; H, 6.58%).

After elution of 13, the donor 3 (9.4 mg, 21%) was obtained.

Benzyl O-(Methyl 2,3,4-Tri-O-benzyl- - and -§-D-gluco-
pyranosyluronate)-(1—2)-3,4,6-tri-O-benzyl- f-D-glucopyran-
osides (18 and 19). Triethylamine (64.5 pl) was added into a
stirred mixture of donor 2 (115.0 mg, 0.241 mmol), acceptor 14
(100.0 mg, 0.185 mmol), p-nitrobenzenesulfonyl chloride (102.5
mg), silver trifluoromethanesulfonate (118.8 mg), and dichloro-
methane (1.0 ml) at —50 °C. The bath temp was allowed to rise
to 0 °C. After being stirred overnight, the reaction mixture was
processed in the manner described previously.**” Chromatogra-
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Table 4. '*CNMR Spectral Data of a-D-GlcAp-(1—3)-a-
L-Ar af-(1—3)-D-Xyl
A component of plantago-mucilage A from the seeds of
Plantago asatica Linné constituing a Chinese medincine
chegianzi [BLH[F], and the related pentobioside, a-L-
Araf-(1—3)-D-Xyl (75.5 MHz, in D,0)”

C 44 67
a B a B

1 95.6 99.9 95.6 99.9

2 74.6 774 74.6 774

3 82.8 85.5 82.8 85.4

4 71.3 71.2 71.3* 71.2%

5 64.5 68.5 64.4 68.4

iy 1119 111.9 111.5° 111.5°

2 82.4 82.4 84.6 84.6

3 87.8 87.7 79.8 79.8

4 86.5 86.6 87.27 87.3%

5’ 64.8 64.8 64.6 64.6

1" 102.4" 102.3%

2" 74.3 74.3

3" 76.0 76.0

4" 74.9 74.9

5" 74.9 74.9

6" 177.6 177.6

a) The carbons in the reducing D-Xyl moiety are numbered without
prime and those in the a-L-Araf moiety are did with prime, whereas
those in the a-D-GlcAp moiety are coded with the doubly primed
number.

phy using TK system gave 18 (98.6 mg, 53%); [a]p +25° (¢ 1.2,
CHCl3); '"HNMR (CDCls) 6=4.67 (1H, d, J,,=7.5 Hz, H1), 5.81
(1H,d, J\» »»=3.5Hz, H1"), 3.91 (1H, dd, J,3=9.0 Hz, H2), 4.68 (d,
Jur 5=9.5 Hz, H5'), 3.54 3H, s, Me); *CNMR (CDCl3) §=102.8
(C1),95.3 (C1'), 75.4 (C2), 78.4 (C2"), 83.1 (C3), 80.7 (C3'), 78.7
(C4), 80.1(C4"),75.2(C5), 70.1 (C5'), 68.7 (C6), 170.4 (C6'), 52.1
(Me),

and 19 (53.3 mg, 29%); [alp +3° (c 1.7, CHCl3); '"HNMR
(CDCl3) 6=4.57 (1H, d, J,2=7.5 Hz, H1), 4.96 (1H, d, J;s 5 =7.5
Hz, H1"),3.94 (1H, dd, J,3=9.0 Hz, H2), 3.79 (1H, d, Jy 5=9.5 Hz,
H5'), 3.66 (3H, s, Me); *CNMR (CDCl;) 6=100.9 (C1), 102.5
(C1"),78.6 (C2), 82.5 (C2), 85.3 (C3), 84.0 (C3"), 78.1 (C4), 79.3
(C4'), 75.0 (C5), 74.2 (C5'), 68.9 (C6), 168.8 (C6), 52.3 (Me).

Found: 18: C, 73.90; H, 6.47% and 19: C, 73.81; H, 6.50%.
Calcd for Cs;HesO12: C, 74.38; H, 6.44%.

Similarly, 2 was condensed with 15, 16, and 17 to give the
anomeric pairs of 20 and 21, 22 and 23, and 24 and 25, respectively
(Table 1).

Benzyl O-(Methyl 2,3,4-Tri-O-benzyl-a- and - f§-p-gluco-
pyranosyluronate)-(1—3)-2,4,6-tri-O-benzyl- # -p-glucopyran-
osides (20 and 21).  Chromatography with DE system gave 20
(51%), [a]p +16° (¢ 1.4, CHClz); '"HNMR (CDCls) 6=4.54 (1H,
d,Ji12=7.5Hz, H1),5.57 (1H, d, J\» ,»=3.5 Hz, H1), 3.95 (1H, quasi
t, 12,3 =9.0 HZ, .13,4:9.5 HZ, H3), 4.83 (IH, d, .14115/ =9.5 HZ, HSI),
3.53 (3H, s, Me); *CNMR (CDCl3) §=102.7 (C1), 97.6 (C1’),
79.8 (C2),79.1 (C2"), 80.3 (2C, C3 and C4), 81.3 (C3'), 78.5 (C4"),
74.6 (C5), 70.5 (C5%), 68.7 (C6), 170.7 (C6'), 52.1 (Me),

and 21 (24%), [alp +2° (¢ 1.2, CHCl3); 'THNMR (CDCl;) =
4.48 (1H, d, J12=7.5 Hz, H1), 5.12 (1H, d, J;» »»=7.5 Hz, H1'),

Dehydrative a-Glucuronosylation

4.05 (1H, Jo3=J34=9.0 Hz, H3), 3.77 (1H, Jy 5 =10.0 Hz, H5'),
3.62 (3H, s, Me); CNMR (CDCl3) 6=102.2 (C1), 103.0 (C1"),
83.0 (C2), 82.3 (C2"), 80.9 (C3), 84.0 (C3'), 76.1 (C4), 79.7 (C4"),
74.4 (C5), 74.3 (C5'), 68.9 (C6), 168.8 (C6'), 52.3 (Me).

Found: 20: C, 74.12; H, 6.55% and 21: C, 74.26; H, 6.63%.
Calcd for Ce2HesO12: C, 74.38; H, 6.44%.

Benzyl O-(Methyl 2,3,4-Tri-O-benzyl-¢- and - §-D-gluco-
pyranosyluronate)-(1—4)-2,3,6-tri-0-benzyl- f-D-glucopyran-
osides (22 and 23).  Chromatography with TK system gave 22
(64%); [a]p +12° (¢ 1.3, CHClz); 'HNMR (CDCl3) 6=4.55 (1H,
d, J12=7.5 Hz, H1), 5.73 (1H, d, J;» »»=3.5 Hz, H1"), 4.10 (1H,
quasi t, J34=9.0 Hz, J45=9.5 Hz, H4), 434 (1H, d, Jy 5+=9.5 Hz,
H5'), 3.56 (3H, s, Me); *CNMR (CDCl;) §=102.2 (C1), 97.1
(C1"), 82.2 (C2), 78.6 (C2"), 84.6 (C3), 81.0 (C3'), 73.5 (C4), 79.7
(C4"), 74.2 (C5), 71.1 (C5'), 69.2 (C6), 170.1 (C6'), 52.2 (Me),

and 23 (25%), mp 101—102 °C; [alp +5° (c 1.4, CHCls);
"HNMR (CDCl;) 6=4.48 (1H, d, J,,=7.5 Hz, H1), 4.58 (1H, d,
Ji12=7.5 Hz, HY"), 4.05 (1H, quasi t, J34=9.0 Hz, J45=9.5 Hz,
H4), 3.77 (1H, d, Jy 5 =9.0 Hz, H5'), 3.58 (3H, s, Me); *CNMR
(CDCl3) 6=102.5 (C1), 102.7 (C1"), 81.7 (C2), 82.2 (C2'), 82.9
(C3), 84.0 (C3'), 77.1 (C4), 79.6 (C4'), 75.0 (CS), 74.4 (C5'), 67.9
(C6), 168.8 (C6'), 52.2 (Me).

Found: 22: C, 74.23: H, 6.55% and 23: C, 74.03; H, 6.56%.
Calcd for Ce2HesO12: C, 74.38; H, 6.44%.

Benzyl O-(Methyl 2,3,4-Tri-O-benzyl- - and -f-p-gluco-
pyranosyluronate)-(1—6)-2,3,4-tri-O-benzyl- f-D-glucopyran-
osides (24 and 25).  Chromatography with TK system gave 24
(44%), [alp +67° (¢ 0.9, CHCl3); '"THNMR (CDCl3) 6=4.80 (1H,
d, J12=3.5 Hz, H1), 498 (1H, d, J;» »»=3.5 Hz, H1"), 437 (1H,
d, Jy 5=9.5 Hz, H5"), 3.73 (1H, dd, Js6.=1.5 Hz, Jea6b=11.5 Hz,
H6a), 3.84 (1H, dd, Js s,=4.5 Hz, H6b), 3.67 (3H, 5, Me); *CNMR
(CDCl3) 6=94.8 (Cl), 97.8 (CI'), 80.1 (C2), 79.4 (C2'), 82.1 (C3),
81.0 (C3'), 77.8 (C4), 79.6 (C4"), 70.6 (C5), 70.3 (C5"), 66.7 (C6),
170.3 (C6'), 52.3 (Me),

and 25 (42%), mp 119—120 °C; [a]p +23 ° (c 0.5, CHCl3);
"HNMR (CDCl;3) 6=4.82 (1H, d, J,,=3.5 Hz, H1), 4.41 (1H, d,
Jir=7.5Hz, H1"),3.85 (1H, d, Ju 5 =9.0 Hz, H5'), 4.01 (1H, dd,
JS,6a=1.5 HZ, J63,6b=9-5 HZ, H6a), 4.11 (IH, dd, JS,6b=4-0 HZ, H6b),
3.72 (3H, 5, Me); PCNMR (CDCl;) §=95.1 (C1), 104.0 (C1’),
79.9 (C2), 81.6 (C2"), 81.9 (C3), 84.0 (C3"), 78.0 (C4), 79.2 (C4"),
70.2 (C5), 74.5 (C5'), 68.8 (C6), 168.8 (C6'), 52.4 (Me).

Found: 24: C, 74.33; H, 6.56% and 25: C, 74.09; H, 6.40%.
Calcd for C62H64012: C, 74.38; H, 6.44%.

Benzyl O-(Benzyl 2,34-Tri-O-benzyl-c- and -f -D-glucopyran-
osyluronate)- (1—2)-3,4,6-tri-O-benzyl- - D-glucopyranosides
(36 and 37).  The donor 3 (72.0 mg, 0.13 mmol) was condensed
with the acceptor 14 (54.0 mg, 0.10 mmol), in the manner described
above for the cross-condensation of 2 and 14, using p-nitroben-
zenesulfonyl chroride (55.4 mg), silver triffuoromethanesulfonate
(64.3 mg), triethylamine (34.9 pl), and dichloromethane (0.54 ml).
Processing®?” and chromatography using DE system gave 36 (57.0
mg, 53%), [alp +15° (¢ 1.8, CHCl); 'HNMR (CDCl3) 6=4.72
(1H,d, J12=7.5Hz, H1), 5.83 (1H, d, Ji» ,»=3.5Hz, H1’), 3.96 (1H,
dd, J,3=9.0 Hz, H2), 4.80 (1H, d, J, 5:=9.0 Hz, H5'); *CNMR
(CDCl3) 6=102.7 (C1), 95.2 (C1"), 75.1 (C2), 78.4 (C2'), 83.1
(C3), 80.7 (C3'), 78.6 (C4), 79.8 (C4), 75.1 (C5), 70.4 (C5'), 68.7
(C6), 170.1 (C6'), 66.8 (benzyl, ester),

and 37 (29.3 mg, 27%), mp 96—97 °C; [alp —14° (c 14,
CHCl3); "HNMR (CDCl3) 6=4.56 (1H, d, J, ,=7.5 Hz, H1), 4.99
(1H, d, Jy»=7.5 Hz, H1"), 3.94 (1H, dd, J,3=9.0 Hz, H2), 3.83
(1H, d, J=9.5 Hz, H5'); *CNMR (CDCl3)6=100.8 (C1), 102.4
(C1"), 78.6 (C2), 82.5 (C2'), 85.3 (C3), 84.0 (C3'), 78.1 (C4), 79.4
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(C4"), 74.9 (C5), 74.4 (C5), 68.9 (C6), 168.3 (C6), 67.2 (benzyl,
ester).

Found: 36: C, 75.83; H, 6.43% and 37: C, 75.54; H, 6.26%.
Calcd for CesHesO12: C, 75.81; H, 6.36%.

Similarly, 3 was condensed with 15, 16, and 17 to give the
anomeric pairs of 38 and 39, 40 and 41, and, 42 and 43.

Benzyl O-(Benzyl 2,34-Tri-O-benzyl-c- and - -D-glucopyran-
osyluronate)-(1—3)-2,4,6-tri-O-benzyl- #-D-glucopyranosides
(38 and 39). Chromatography with HE system gave 39 (21%),
[alo —12° (¢ 0.3, CHCL); '"HNMR (CDCls) 8=4.47 (1H, d,
Ji12=7.5 Hz, H1), 5.01 (1H, d, J»»=7.5 Hz, HI"), 4.06 (1H,
J23=J34=9.0 Hz, H3), 3.80 (1H, d, J45»=9.5 Hz, HS); "CNMR
(CDCl;) 6=102.3 (C1), 103.0 (C1"), 83.0 (C2), 82.3 (C2'), 80.9
(C3), 84.0 (C3), 76.1 (C4), 79.8 (C4"), 74.6 (C5), 74.4 (C5), 69.0
(C6), 168.3 (C6'), 67.0 (benzyl, ester),

and 38 (56%), [a]p +10° (¢ 1.3, CHCl3); "HNMR (CDCl3)
6=4.55 (14, d, J12=7.5 Hz, H1), 5.59 (1H, d, J,» »r=3.5 Hz, H1'),
3.98 (1H, J23=J34=9.0 Hz, H3), 4.91 (1H, d, J4 5-=9.5 Hz, H5');
BCNMR (CDCl3) 6=102.7 (C1),97.7 (C1'), 79.8 (C2), 79.3 (C2'),
81.15 (C3), 81.2° (C3'), 78.2 (C4), 80.0 (C4"), 74.5 (C5), 70.9 (C5"),
68.7 (C6), 169.9 (C6"), 67.0 (benzyl, ester).

Found: 38: C, 75.57; H, 6.48% and 39: C, 75.67; H, 6.47%.
Calcd for C68H68012: C, 75.81; H, 6.36%.

Benzyl O-(Benzyl 2,34-Tri-O-benzyl-a- and -#-D-glucopyran-
osyluronate)-(1—4)-2,3,6-tri-O-benzyl- -D-glucopyranosides
(40 and 41).  Chromatography with TK system gave 40 (66%),
mp93—94°C; [alp —1° (¢ 1.3, CHCl:); 'HNMR (CDCl;) 6=4.53
(1H,d, Ji12,=7.5Hz, H1), 5.69 (1H, d, J;» »r=3.5Hz, H1’), 4.06 (1H,
t,J34=J15=9.0 Hz, H4), 4.38 (1H, d, J4 5:=9.5 Hz, H5'); "CNMR
(CDCl3) 6=102.2 (C1), 97.4 (C1’), 82.1 (C2), 78.6 (C2'), 84.5
(C3), 81.0(C3"), 73.8 (C4), 79.6 (C4"), 74.3 (C5), 71.4 (C5"), 69.2
(C6), 169.6 (C6'), 67.2 (benzyl, ester),

and 41 (24%), mp 118—119 °C; [alp —8° (¢ 0.5, CHCl);
"HNMR (CDCl3) 6=4.47 (1H, d, J,,=7.5 Hz, H1), 4.59 (1H, d,
Jir»=1.5 Hz, H1"), 4.05 (1H, t, J34=J45=9.0 Hz, H4), 3.80 (1H,
d, Jyr 5=9.5 Hz, H5') ; ®CNMR (CDCl3) 6=102.5 (C1), 102.6
(C1"), 81.8 (C2), 82.2 (C2'), 82.8 (C3), 84.0 (C3"), 77.0 (C4), 79.7
(C4), 75.0 (C5), 74.5 (C5"), 67.9 (C6), 168.2 (C6'), 67.1 (benzyl,
ester).

Found: 40: C, 75.80; H, 6.44% and 41: C, 75.80; H, 6.47%.
Calcd for CesHesO12: C, 75.81; H, 6.36%.

Benzyl O-(Benzyl 2,3 4-Tri-O-benzyl-c- and -f-D-glucopyran-
osyluronate)- (1—6)-2,3,4-tri-O-benzyl- - D-glucopyranosides
(42 and 43).  Chromatography with TK system gave 43 (40%),
mp 136—137 °C; [alp +42° (¢ 3.6, CHCl3); 'HNMR (CDCl3)
6=4.88 (1H, d, J,»,=3.5 Hz, H1), 445 (1H, d, J;,»»=7.5 Hz,
H1'),3.94 (1H, d, J4 5:=9.5 Hz, H5'), 3.69 (1H, dd, J5 6.=3.0 Hz,
Jeasb=11.0 Hz, H6a), 4.15 (1H, dd, Js 6 =2.0 Hz, H6b); '*CNMR
(CDCl3) 6=95.1(C1), 104.0(C1’), 79.9 (C2), 81.5 (C2), 81.9 (C3)
83.9 (C3"), 77.9 (C4), 79.3 (C4'), 70.1 (C5), 74.7 (C5"), 68.7 (C6),
168.2 (C6'), 67.2 (benzyl, ester), '

and 42 (43%), [a]p +55° (c 2.6, CHCl3); '"HNMR (CDCl3)
6=4.78 (1H, d, J12=3.5 Hz, H1), 5.01 (IH, d, Jyr»»=3.5 Hz,
H1’), 4.46 (1H, d, J4r 5 =9.5 Hz, H5'), 3.76 (1H, dd, Js 6a=1.0 Hz,
Jeaoo=11.0 Hz, H6a), 3.85 (1H, dd, J56,=>5.0 Hz, H6b); *CNMR
(CDCl3) 6=94.8 (C1), 97.8 (C1"), 80.1 (2C, C2 and C3'), 79.4
(C2'), 82.0(C3), 77.8 (C4), 79.7 (C4"), 70.6 (2C, CS5 and C5"), 66.7
(C6), 169.8 (C6'), 67.1 (benzyl, ester). :

Found: 42: C, 75.43; H, 6.50% and 43: C, 75.19; H, 6.35%.
Calcd for CesHesO12: C, 75.81; H, 6.36%.

O-(Methyl a-p-Glucopyranosyluronate)-(1—2)-D-glucopy-
ranose (26). Hydrogenolysis of 18 (39.0 mg, 0.039 mmol) over

Bull. Chem. Soc. Jpn., 69, No. 11 (1996) 3255

PdonC (10%, 15.9 mg) in acetic acid (6.0 ml) for 24 h at 25 °C under
340 kPa of H; using a Parr-3911 hydrogenation apparatus. After
filtration, the solvent was removed at 35 °C in vacuo. The residue
was chromatographed on using CM system and the trituration with
acetone gave powdery 26 (12.2 mg, 85%), [a]p +63° (¢ 0.5, H,0);
"HNMR (D,0) (31%a) 6=5.04 (d, J,2=3.5 Hz, Hla), 4.71 (d,
J12=7.5Hz,H1p),5.32(d, J, »»=3.5Hz,H!' @), 5.30(d, J,» »=3.5
Hz, H1'f), 4.52 (d, J» 5=10.0 Hz, H5' @), 4.61 (d, J4» 5=10.0 Hz,
H5'B), 3.74 (3H, s, Me).

Found: C, 42.40: H, 5.97%. Calcd for C;3H» 012 C, 42.16; H,
5.99%.

Similarly, 20, 22, 24, and 25 was converted into the correspond-
ing methyl esters 27, 28, 29, and 30.

O-(Methyl ¢-D-Glucopyranosyluronate)-(1—3)-D-glucopy-
ranose (27). 78%, [a]p +98° (¢ 0.9, H,0); 'HNMR (D,0)
42%a) 6=5.14 (d, J,2=3.5 Hz, Hla), 4.55 (d, Ji12=7.5 Hz,
H18),5.31(d, Jis »=3.5Hz, Hl' @), 5.30 (d, J,» ,»=3.5 Hz, H1' ),
4.55(d, Jy 5r=10.0 Hz, H5 @), 4.61 (d, J4» 5:=10.0 Hz, H5' 8), 3.73
(3H, s, Me).

Found: C, 42.19; H, 6.08%. Calcd for C;3H2,0,2: C, 42.16; H,
5.99%.

0-(Methyl a-p-Glucopyranosyluronate)-(1—4)-D-glucopy-
ranose (28). 68%, [alp +94° (¢ 0.5, H,0); '"HNMR (D,0)
40%a) 6=5.13 (d, J12=3.5 Hz, Hla), 4.56 (d, J,,=8.0 Hz,
H1p8),5.42 (14, d, Jy» »r=3.5 Hz, H1"), 421 (d, J4 5+=9.5 Hz, H5’
a), 420 (d, Jy 5r=9.5 Hz, H5' ), 3.75 (3H, s, Me).

Found: C, 41.24; H, 6.43%. Calcd for C;3H»,0/2- 0.5H,0: C,
41.16; H, 6.11%.

O-(Methyl ¢-D-Glucopyranosyluronate)-(1—6)-D-glucopy-
ranose (29). 76%, [alp +80° (¢ 0.3, H,0); 'HNMR (D,0)
(35%a) 6=5.15 (d, J12=3.5 Hz, Hla), 4.59 (d, J12=7.5 Hz,
H1p),4.93 (d, Ji: »»=3.5Hz, Hl' @), 4.94 (d, J\» »»=3.5 Hz, H' B),
4.24 (d, Jar 5=9.5 Hz, H5' @), 4.26 (d, Jy» 5=9.5 Hz, H5' f), 3.74
(3H, s, Me).

Found: C, 41.22; H, 6.08%. Calcd for C;3H»0,,-0.5H,0: C,
41.16; H, 6.11%.

O-(Methyl f-p-Glucopyranosyluronate)-(1—6)-D-glucopy-
ranose (30). 82%, [alp —3° (¢ 0.7, H,0); '"HNMR (D,0)
(40%a) 6=5.21 (d, J12=3.5 Hz, Hla), 4.64 (d, J,2=7.5 Hz,
H18),4.56 (d,J\» »»=7.5Hz, H1' @), 4.58 (d, J,+ ,»=7.5 Hz, HI' §),
4.08 (d, Jy 5r=9.0 Hz, H5' @), 4.07 (d, Jy 5:=9.0 Hz, H5' ), 3.82
(3H, s, Me).

Found: C, 38.83; H, 6.32%. Calcd for C13H2,0/,-1.5H,0: C,
39.30; H, 6.34%.

O-(a-D-Glucopyranosyluronic Acid)-(1—2)-D-glucopyranose
(31). (A)Hydrogenation of 36 (34.8 mg, 0.032 mmol) over Pd on
C (20 mg) in acetic acid (6.0 ml) under 340 kPa of H, at 25°C for 24
h and chromatography on Dowex 50W x 8 with H,O and trituration
with acetone gave powdery 31 (10.0 mg, 88%), [a]p +85° (¢ 0.7,
H,0) (lit,”” [a]} +65° (H20)); 'HNMR (D,0) (40%a) 6=5.21(d,
Ji2=3.5Hz, Hla), 4.79 (d, J1,=7.5 Hz, H18), 5.41 (d, Jys »»=3.5
Hz, H1' @), 5.39 (d, Jir »»=3.5 Hz, HI'8), 4.45 (d, J4» 5:=10.0 Hz,
H5' @), 4.56 (d, Jy 5:=10.0 Hz, H5' ).

Found: C, 38.59; H, 5.64%. Calcd for Ci2H200,,-H,0: C, 38.51;
H, 5.92%.

Similar hydrogenolyses of 38, 40, 42, and 43 gave 32 (73%), 33
(92%), 34 (83%), and 35 (85%), respectively.

(B) A solution of 26 (13.3 mg, 0.036 mmol) in dil NaOH (0.2%,
1.08 ml) was stored at room temp overnight. The solution was
chromatographed with H,O on Dowex 50W x 8 and lyophilyzed to
give 31 (12.4 mg, 97%)

Similarly, 27, 28, 29, and 30 was converted into 32 (93%), 33
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(94%), 34 (94%), and 35 (95%), respectively.

O-(a-D-Glucopyranosyluronic Acid)-(1—3)-D-glucopyranose
(32). [alp +98° (c 0.4, H,0); 'HNMR (D;0) (40%a) 6=5.22
(d, J12=3.5 Hz, Hla), 4.65 (d, Ji12=7.5 Hz, H1p), 5.39 (1H,
d, Jir2=3.5 Hz, H1"), 4.49 (d, Jyr 5=10.0 Hz, H5 a), 4.51 (d,
Jy 5=10.0 Hz, H5' §).

Found: C, 39.78; H, 5.87%. Calcd for C|,H20,,-0.5H,0: C,
39.46; H, 5.79%.

O-(a-D-Glucopyranosyluronic Acid)-(1—4)-D-glucopyran-
ose (33). [alp +89° (¢ 0.3, Hy0) (lit,*V [a] +108.1° (¢ 1.293,
H,0)), [a]3 +116° (c2.52, H,0); 'HNMR (D,0) (40% ) 5=5.19
(d, J12=3.5 Hz, Hla), 4.62 (d, J:,=8.0 Hz, H1 B), 5.41 (1H,
Jy12=3.5Hz,H1"),4.09(d, Jy 5=9.5Hz, H5 ), 4.08 (d, Jr 5=9.5
Hz, H5' ).

Found: C,38.33; H, 5.93%. Calcd for Ci2H200/2-H,0: C, 38.51;
H, 5.92%.

O-(a-p-Glucopyranosyluronic Acid)-(1—6)-D-glucopyranose
(34). [alp +76° (¢ 0.2, H,0) (lit,*® [a]¥ +57° (H,0)); 'HNMR
(D20) (33%a) 6=5.16 (d, J,: 2,=3.5Hz, Hl @), 4.59 (d, J1 »=7.5 Hz,
H1p),4.90 (d, J1» »r=3.5Hz, Hl' @), 4.91 (d, J1s »»=3.5 Hz, HI' §),
4.05 (d, Jy 5=10.0 Hz, H5' @), 4.06 (d, J4r 5=10.0 Hz, H5'f3).

Found: C, 40.59; H, 5.75%. Calcd for C;H,005: C, 40.45; H,
5.66%.

O-(f-p-Glucopyranosyluronic Acid)-(1—6)-D-glucopyranose
(35). [alp —2° (c0.2,H;0); 'HNMR (D;0) (38%a) 6=5.21 (d,
J12=3.5Hz, Hla), 4.64 (d, J,,=7.5 Hz, H1f), 4.54 (d, Js »r=4.5
Hz, Hl' @), 4.56 (d, J;/ 2r=7.5 Hz, Hl' @), 3.95 (1H, d, J4 5:=9.0
Hz, H5').

Found: C, 3985, H, 5.65%. Calcd for C]szoOlz'O.SHQOC C,
39.46; H, 5.79%.

Benzyl a- and f-D-Xylopyranosides (48 and 49) and Their
Acetates (50 and 51). A mixture of D-xylose (15 g, 0.10 mol),
benzyl alcohol (15 ml), and p-toluenesulfonic acid monohydrate
(4.5 g) was stirred at 70 °C for 60 min.”” Chloroform (75 ml)
and triethylamine (3.3 ml) were added to the cooled mixture under
stirring at room temp. The mixture was chromatographed with CM
system to afford an anomeric mixture (14.5 g) of 48 and 49. This
(2.0 g) was rechromatographed with IE system to furnish 49 (0.59
g, 18%), mp 108—110 °C (lit,*” mp 113—115 °C, 116—117 °C);
[alp —54° (c 0.1, H,0); *CNMR (D,0) 98.5 (C1), 72.1 (C2),
74.0 (C3), 70.2 (C4), 62.1 (CS5), 70.4 (benzyl),

and 48 (1.17 g, 35%), mp 121—124°C; [a]p +127° (¢ 0.2, H,0)
(1it,*® mp 127—128.5 °C, 128—129.5 °C, [al¥ +139.2° (¢ 4,
H,0), [a]d +139° (¢ 3.93, H,0)); *CNMR (D,0) 104.8 (C1),
75.7 (C2), 78.4 (C3), 71.9 (C4), 67.8 (CS5), 74.2 (benzyl).

Found: 48: C, 59.72; H, 6.45% and 49: C, 59.90; H, 6.79%.
Calcd for C2H60s: C, 59.99; H, 6.71%.

The above-described mixture (1.5 g) of 48 and 49 was ace-
tylated with acetic anhydride (15 ml) and pyridine (15 ml) and
chromatography with DE system afforded 50 (1.46 g, 39%), [a]b
+128° (¢ 1.1 CHCI) (lit,*? [a]¥ +142.0° (¢ 3, CHCl3)) and 51
(0.69 g, 18%), mp 84—86 °C; [alp —61° (c 1.5, CHCl3) (lit,*® mp
91—92.5 °C; [alp —86.7° (¢ 1, CHCly)).

The acetate 51 was conveniently prepared form D-xylose, using
the through process.'® To a cold mixture of acetyl bromide (22 ml)
and acetic acid (15 ml), D-xylose (10 g, 67 mmol) was added under
stirring at 0 °C. After being stirred at 20 °C for 1 h, the mixture was
evaporated to dryness, the residue obtained was dissolved in cold
nitromethane (30 ml). To this, benzyl alcohol (15 ml) and Hg(CN),
(22 g) were added under stirring. After stirring was continued
at room temp, processing and chromatography silica gel with TE
system gave 51 (11.34 g, 51%).

Dehydrative a-Glucuronosylation

Found: 50: C, 58.78; H, 6.09% and 51: C, 58.70; H, 6.08%.
Calcd for C3H2,0g: C, 59.01; H, 6.05%.

Benzyl 2,4-Di-O-benzyl- a-D-xylopyranoside (45). (A) A
mixture of 48 (121.2 mg, 0.51 mmol), NaH (ca. 60% dispersion in
oil, 52 mg), and benzyl chloride (2.4 ml) was stirred at 100 °C for
1.0 h."® Processing and chromatography using TK system afforded
45 (135.2 mg, 64%), mp 97—98 °C; [alp +103° (¢ 0.8, CHCl);
"HNMR (CDCl3) 6=2.59 (1H, d, J.2.0 Hz, OH3), 4.80 (1H, d,
J12=3.5 Hz, H1) 3.35 (1H, dd, J,3=9.5 Hz, H2), 4.10 (1H, dt,
J34=9.5 Hz, H3), 3.50 (1H, m, H4), 3.57 (1H, quasi t, J4 5,=9.0 Hz,
Jsa56=10.5 Hz, H5a), 3.64 (1H, dd, Ja 55=5.0 Hz, H5b); *C NMR
(CDCl3) 6=95.0 (C1), 79.3 (C2), 72.8 (C3), 77.6 (C4), 59.9 (C5).

Found: C, 74.13; H, 6.69%. Calcd for C,cHy305: C, 74.26; H,
6.71%.

A solution of 45 (20.1 mg), methanol (2 ml), and methanesulfon-
ic acid (20 pl) was refluxed for 20 h. After addition of triethylamine
(26 ul), evaporation and chromatography with TK system afforded
the previously synthesized methyl 2,4-di-O-benzyl-a-D-xylopyran-
oside'® (7.3 mg, 44%).

Acetylation of 45 with acetic anhydride and pyridine and chro-
matography with HE system afforded its acetate, "HNMR (CDCl;)
8=4.82 (1H, d, J,2=3.5 Hz, H1), 3.42 (1H, dd, J,3=9.5 Hz, H1),
5.53 (1H, t, J34=9.5 Hz, H3), 3.53 (1H, m, H4), 3.68 (1H, d,
Ja5a=7.0 Hz, H5a), 3.69 (1H, d, Js5,=9.5 Hz, H5b), 2.04 (3H, s,
Ac); PCNMR (CDCl;) 6=95.1 (C1), 77.2 (C2), 72.9 (C3), 75.9
(C4), 59.8 (C5), 21.1, 169.9 (Ac).

(B) A mixture of 50 (556 mg, 1.52 mmol), powdered KOH (0.77
2) and benzyl chloride (11.1 ml) was stirred at 110 °C for 1.0 h.
This processed mixture was chromatographed using TK system to
give 45 (494 mg, 77%).

Benzyl 2,4-Di-O-benzyl-f-p-xylopyranoside (52). A mixture
of 51 (2.86 g, 7.8 mmol), powdered KOH (3.21 g) and benzyl chlo-
ride (57 ml) was stirred at 120 °C for 1.0 h. Chromatography with
TE system gave 52 (2.42 g, 48%), mp 70—71 °C; [a]p ~34° (c 0.2,
CHCl3); 'HNMR (CDCl) 6=2.56 (1H, d, J=2.0 Hz, OH3), 4.49
(1H, d, J1,=7.5 Hz, H1), 3.32 (1H, dd, J,3=9.5 Hz, H2), 3.69 (1H,
t, J34=9.5 Hz, H3), 3.54 (1H, m, H4), 3.25 (1H, dd, J45,=9.0 Hz,
Jsaso=11.0 Hz, H5a), 3.98 (1H, dd, J1 5,=5.0 Hz, H5b); *C NMR
(CDCl3) 6=102.6 (C1), 81.0 (C2), 75.5 (C3), 77.1 (C4), 63.8 (C5).

Found: C, 74.39; H, 6.81%. Calcd for C,cH,50s: C, 74.26; H,
6.71%.

Acetylation of 52 with acetic anhydride and pyridine and chro-
matography with HE system afforded its acetate, 'HNMR (CDCl;)
6=4.53 (1H, d, J:,=7.5 Hz, H1), 3.34 (1H, dd, J>3=9.5 Hz, H2),
5.14 (1H, t, J34=9.5 Hz, H3), 3.54 (1H, m, H4), 3.29 (1H, dd,
J452=10.0 Hz, Js,5,=11.5 Hz, H5a), 3.98 (1H, dd, J4s5,=5.5 Hz,
H5b), 1.93 (3H, s, Ac); *CNMR (CDCl3) 6=103.1 (C1), 79.0
(C2), 74.7 (C3), 75.5 (C4), 63.7 (C5), 21.0 170.0 (Ac).

Methyl e-L-Arabinofuranoside (53). The procedure for
methanolysis®™ was modified. A mixture of L-arabinose (10 g,
0.067 mol), methanol (250 ml), and methanesulfonic acid (3.8 ml)
was refluxed for 1.0 h. After addition of triethylamine (11.4 ml),
evaporation and chromatography with CM system afforded a ho-
mogeneous sirup (6.4 g, 59%), [a]p —118° (¢ 1, H,0) (1it,* [a]F
—128° (¢ 4.7, H,0)); *CNMR (D,0)" §=110.9 (C1), 83.3 (C2),
79.0 (C3), 86.5 (C4), 63.8 (C5), 57.5 (Me).

Found: C, 43.73; H, 7.40%. Calcd for C¢H205: C, 43.90; H,
7.37%.

Methyl 2,5- and 3,5-Di-O-trityl- a-L-arabinofuranosides (54
and 55). A mixture of sirupy 53 (784.0 mg, 4.8 mmol), trityl
chloride (3.06 g), and pyridine (4.0 ml) was stirred at 40 °C for 16
h. Chloroform (20 ml) and triethylamine (4.0 ml) were added to the
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mixture. After removal of the volatiles under reduced pressure, the
residue obtained was chromatographed with TK system to afford
54 (1497 g, 48%), [alp —18° (¢ 7.5, CHCl3); "HNMR (CDCl3)
6=2.17 (1H, J=9.0 Hz, OH3), 4.15 (1H, s, H1), 3.98 (1H, d,
J>3=1.0 Hz, H2), 3.58 (1H, ddd, J34=3.0 Hz, H3), 4.11 (1H, m,
H4),3.14 (1H, dd, J45.=6.0 Hz, J5,5,=9.5 Hz, H5a), 3.41 (1H, dd,
Jasb=6.5 Hz, H5b), 3.12 (3H, s, Me); *CNMR (CDCl3) 6=108.0
(C1), 83.0 (C2), 78.4 (C3), 85.4 (C4), 64.6 (C5), 54.7 (Me), 86.6,
88.2 (trityl),

and 55 (0.966 g, 31%), [alp —78° (¢ 0.3, CHCl;); '"HNMR
(CDCl3) 6=2.87 (1H, J=10.0 Hz, OH2), 4.89 (1H, s, H1), 3.65
(1H, d, H2), 3.86 (1H, d, J34=2.5Hz, H3), 3.99 (1H, m, H4), 2.59
(1H, dd, J45.=3.0 Hz, Js5,5p=10.0 Hz, H5a), 3.35 (1H, dd, J4 5b=2.5
Hz, H5b), 3.45 (3H, s, Me); *CNMR (CDCl3) 6=109.9 C1), 79.9
(C2), 80.7 (C3), 84.7 (C4), 63.6 (C5), 54.7 (Me), 87.6 87.7 (trityl).

Found: 54: C, 80.05; H, 6.44%. Calcd for C44H40O5-0.5H,0:
C, 80.34; H, 6.28%.

Found: 55; C, 79.54; H, 6.83%. Calcd for C44H490Os-H,0; C,
79.25; H, 6.35%.

Acetylation of 54 with acetic anhydride and pyridine and chro-
matography with TK system afforded the acetate, 'HNMR (CDCl3)
6=3.84(1H,s,H1),4.11 (1H, d, J,3=1.0Hz), 5.21 (1H, dd, J3 4=4.5
Hz, H3), 3.96 (1H, m, H4), 3.35 (1H, dd, Js5.=4.5 Hz, Js55,5,=9.5
Hz, H5a), 3.42 (1H, dd, J45,=6.0 Hz, H5b), 1.97 (3H, s, Me), 3.00
(3H, s, Ac); *CNMR (CDCl;) 8=107.7 (C1), 83.2 (C2), 79.4
(C3), 81.7 (C4), 64.2 (C5), 20.9, 169.5 (Ac), 54.7 (Me), 86.8, 88.5,
143.7, 144.0 (trityl).

The minor isomer 55 was similarly converted into the corre-
sponding acetate, 'HNMR (CDCl3) 6=4.71 (1H, s, H1), 4.19 (1H,
s, H2), 4.04 (1, d, J34=5.0 Hz, H3), 4.54 (1H, m, H4), 3.02 (1H,
dd, J45.=6.0 Hz, Js5,5,=10.0 Hz, H5a), 3.33 (1H, dd, J45,=2.5
Hz, H5b), 1.76 (3H, s, Ac), 3.45 (3H, s, Me); CNMR (CDCl3)
5=106.8 (C1), 82.0 (C2), 78.0 (C3), 83.6 (C4), 63.8 (C5), 20.7,
169.4 (Ac), 54.5 (Me), 143.9°, 144.0° (trityl).

Methyl 3-O-Allyl-a-L-arabinofuranoside (56). A mixture of
54 (800.0 mg, 1.23 mmol), NaH (ca. 60% dispersion in oil, 188 mg),
and allyl bromide (4.5 ml) was refluxed for 2.5 h. After filtration,
the filtrate was concentrated and chromatographed with TK system.
The obtained product was dissolved in chloroform (9.0 ml). To the
solution methanol (1.7 ml) and trifluoroacetic acid (0.85 ml) were
added under stirring at room temp. After the mixture was kept
standing for 15 min, the volatiles were evaporated and the residue
was chromatographed on silica gel with CM system to furnish 56
(169.6 mg, 67%), [alp —99° (¢ 0.6, CHCL;); '"HNMR (D,0)
§=4.95 (1H, br, H1), 4.18 (1H, J, 2=1.0 Hz, J,3=2.0 Hz, H2), 3.80
(1H, dd, J34=4.5Hz, H3),4.10 (1H, m, H4), 3.71 (1H, J45,=6.0 Hz,
Jsa55=12.0 Hz, H5a), 3.81 (1H, dd, J4 5,=3.5 Hz, H5b), 5.94 (1H,
m, allyl), 3.39 (3H, s, Me); *CNMR (D;0) §=111.3 (C1), 81.0
(C2), 87.1 (C3), 85.9 (C4), 64.1 (C5), 73.9, 121.5, 136.1 (allyl),
57.2 (Me).

Found: C, 52.09; H, 7.99%. Calcd for CoH;c0s: C, 52.93; H,
7.90%.

Treatment of 56 with acetic anhydride and pyridine and chro-
matography with TK system gave the corresponding diacetate,
"HNMR (CDCl3) 6=4.90 (1H, br, H1), 5.05 (1H, d, J3=1.5
Hz, H2), 3.72 (1H, ddd, J34=5.0 Hz, J, 3=1.0 Hz, H3), 2.09, 2.10
(3H, each, s, Ac) 3.40 (13H, s, Me), 5.86 (1H, m, allyl); >*C NMR
(CDCl3) 6=107.2 (C1), 81.1 (C2), 83.5 (C3), 80.5 (C4), 63.8 (C5),
20.8, 20.9, 169.7, 170.7 (Ac), 55.0 (Me), 71.4, 118.0, 133.9 (allyl).

Methyl 3-0-Allyl-2,5-di- O-benzyl- a-1L-arabinofuranoside
(57). A mixture of 56 (0.960 g, 4.7 mmol), crushed KOH
(1.51 g), and benzyl chloride (10 ml) was stirred at 120 °C for 1.5
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h. To a cooled mixture were added toluene and H,O under stirring.
The organic layer was washed with H,O, concentrated, and chro-
matographed with HE system to furnish 57 (1.23 g, 68%), [a]p
—38° (¢ 0.5, CHCL;); 'THNMR (CDCl3) 6=4.97 (1H, s, H1), 3.97
(1H, dd, J,,3=2.5 Hz, J,4=1.0 Hz, H2), 3.88 (1H, dd, J34=6.0 Hz,
H3), 4.18 (1H, m, H4), 3.65 (1H, dd, J4 5,=5.0 Hz, J5,5,=10.5 Hz,
H5a), 3.71 (1H, dd, J45,=4.0 Hz, H5b), 5.85 (1H, m,allyl), 3.40
(3H, s, Me); *CNMR (CDCl3) 6=107.2 (C1), 88.1 (C2), 83.5
(C3), 80.9 (C4), 69.9 (C5), 117.3, 134.3 (allyl), 54.9 (Me).

Found: C, 71.90; H, 6.72%. Calcd for C23H30s: C, 71.85; H,
7.35%.

3-0-Allyl-2,5-di-O-benzyl- ¢-L-arabinofuranose (46). A
mixture of 57 (1.130 mg, 2.94 mmol), acetic acid (30 ml), and dil
H,S04 (30%, 0.50 ml) was stirred at 75 °C for 1.5 h. A cooled
mixture was diluted with toluene and H,O. The organic layer was
washed with aq NaHCO3 (5%) and H,O and chromatography with
HE system furnished 46 (0.864 g, 79%), [a¢]p —12° (c 0.4, CHCl3);
"HNMR (CDCls) (60%a) 8=3.19 (d, J=8.0 Hz, OHa), 3.88 (d,
J=10.0 Hz, OHp), 5.39 (d, Ji2~0 Hz, Hla), 5.32 (dd, J12=4.5
Hz, H1/3), 5.85 (1H, m, allyl); *CNMR (CDCl;) §=101.0 (Cla),
96.2 (C183), 86.2 (C2a), 84.0 (C2f3), 82.7 (C3 ), 81.8 (C3/5), 82.1
(C4a), 80.5 (C4), 70.2 (C5a), 70.5(C5/5).

Found: C, 68.32; H, 6.87%. Calcd for C2;H605-H,0: C, 68.02;
H,7.27%.

Benzyl O-(3-0-Allyl-2,5-Di-O-benzyl-a- and -f-L-arabino-
furanosyl)-(1—3)-2,4-di-O-benzyl-a-D-xylopyranosides (58 and
59).  Trimethylsilyl bromide (104.7 pl) was added to a mixture
of 45 (297.9 mg, 0.81 mmol), 46 (338.2 mg, 0.81 mmol), CoBr
(176.3 mg), tetrabutylammonium bromide (259.2 mg), molecular
sieves 3A (876 mg) and dichloromethane (3.0 ml) under stirring at
room temp. The resulting mixture was agitated overnight. Powdery
NaHCOs was added to the mixture, which was stirred for 10 min.
The mixture was transferred onto the top of a column of silica gel.
Development of the column with DE system gave 58 (324.3 mg,
52%), [alp +38° (¢ 1.0, CHCl3); '"HNMR (CDCls) 8=4.77 (1H,
J12=3.5 Hz, H1), 5.62 (1H, s, H1), 4.25 (1H, quasi t, J,3=9.5 Hz,
J34=9.0 Hz, H3), 5.85 (1H, m, allyl); "CNMR (CDCL3) 6=95.0
(C1), 106.5 (C1’), 80.3 (C2), 88.2 (C2'), 76.3 (C3), 84.1 (C3'), 76.4
(C4), 81.3 (C4"), 60.4 (C5), 69.7 (C5"), 117.0, 134.5 (allyl),

and 59 (44.5 mg, 7%), mp 64—65 °C; [a]p +97° (¢ 1.5, CHCl3);
'"HNMR (CDCl;) 6=4.76 (1H, J,2=3.5 Hz, H1), 5.68 (1H, d,
Jl’,2’ =4.0 HZ, Hll), 4.29 (1H, dd, .12,3 =9.5 HZ, .13,4-—_—8.0 HZ, H3),
5.88 (1H, m, allyl); *CNMR (CDCl3) 6=95.6 (C1), 100.8 (C1"),
78.4 (C2), 83.7 (C2"), 76.2 (C3), 83.3 (C3'), 78.9 (C4), 80.1 (C4"),
59.6 (C5), 72.3 (C5'), 116.8, 134.7 (allyl).

Found: 58: C, 74.46; H, 6.84% and 59: C, 74.23; H, 6.76%.
Calcd for C43Hs,09: C, 74.59; H, 6.78%.

Benzyl 0-(3-0-Allyl-2,5-Di-O-benzyl-a- and -f-L-arabino-
furanosyl)-(1—3)-2,4-di-O-benzyl-f -D-xylopyranosides (60 and
61). Similarly, the condensation of 46 (74.0 mg, 0.20 mmol) with
52 (84.0 mg, 0.20 mmol) in the presence of trimethylsilyl bromide
(26.0 pl), CoBr; (43.8 mg), tetrabutylammonium bromide (64.4
mg), and molecular sieves 3A (218 mg) in dichloromethane (0.75
ml) and chromatography using DE system afforded 60 (63.3 mg,
41%),[alp +13° (c 2.2, CHCl3); 'THNMR (CDClz) 6=4.45 (1H, d,
Ji12=7.5Hz, H1), 5.39 (1H, s, H1"), 3.88 (1H, t, J3=J34=9.0 Hz,
H3), 5.83 (1H, m, allyl); *CNMR (CDCl;) 6=103.1 (C1), 106.4
(C1"), 82.1 (C2), 88.3 (C2"), 78.1 (C3), 84.0 (C3"), 76.2 (C4), 81.2
(C4"), 64.2 (C5), 69.7 (C5'), 117.1, 134.5 (allyl),

and 61 (11.1 mg, 7%), [alp +18° (c 0.4, CHCL;); '"HNMR
(CDCl3) 6=4.49 (1H, d, J,2=8.0 Hz, H1), 5.61 (1H, d, J;s »r=3.5
Hz, H1'), 3.90 (1H, t, J»3=J34=9.0 Hz, H3), 5.88 (1H, m, allyl);
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3CNMR CDCls) 6=103.0 (C1), 100.6 (C’), 80.2 (C2), 83.7 (C2"),
78.9 (C3), 83.0 (C3'), 78.2 (C4), 80.0 (C4"), 63.2 (C5), 72.7 (C5"),
116.8, 134.7 (allyl).

Found: 60: C, 74.34; H, 6.89% and 61: C, 74.57; H, 6.79%.
Calcd for C43Hs5;09: C, 74.59; H, 6.78%.

Benzyl 0-(2,3,5-Tri-O-benzyl-a- and -#-L-arabinofuranosyl)-
(1—3)-2,4-di-O-benzyl-a-D-xylopyranosides (63 and 64). An
analogous coupling reaction of 2,3,5-tri-O-benzyl-L-arabinofuran-
ose (62) (84.0 mg, 0.20 mmol) with 45 (84.0 mg, 0.20 mmol) and
chromatography with HE system furnished 63 (69.9 mg, 43%), [a]p
+59° (¢ 0.2, CHCl3); 'THNMR (CDCl3) 6=4.76 (1H, d, J;,=3.5
Hz, H1), 5.63 (1H, s, H1’), 4.25 (1H, quasi t, J;3=9.5 Hz, J34=9.0
Hz, H3); >*CNMR (CDCl3) 6=95.1 (C1), 106.6 (C1"), 80.3(C2),
88.2 (C2'), 76.3 (C3), 84.1 (C3"), 76.4 (C4), 82.3 (C4'), 60.4 (C5),
69.8 (C5"),

and 64 (10.5 mg, 6%), [alo +79° (¢ 0.6, CHCL); 'HNMR
(CDCl3) 6=4.74 (1H, d, J,2=3.5 Hz, H1), 5.68 (1H, d, J;/ ,r=4.0
Hz, HI'), 427 (1H, dd, J»3=9.5 Hz, J;4=7.5 Hz, H3); "HNMR
(CDCI3) §=95.6 (C1), 100.9 (C1’), 78.4 (C2), 83.8 (C2"), 76.3
(C3), 83.3 (C3'), 78.9 (C4), 80.2 (C4), 59.6 (C5), 72.7 (C5").

Found: 63: C, 75.61; H, 6.65% and 64: C, 75.63; H, 6.70%.
Calcd for Cs2Hs409: C, 75.89; H, 6.61%.

Benzyl 0-(2,3,5-Tri-O-benzyl-a- and f-L-arabinofuranosyl)-
(1—3)-2,4-di-O-benzyl- f-D-xylopyranosides (65 and 66). A
similar condensation of 62 with 52 and chromatography using
HE system gave 65 (43%), [@lp —11° (c 0.7, CHCl3); '"HNMR
(CDCl3) 6=4.46 (1H, d, J,,=7.5 Hz, H1), 5.60 (1H, s, H1’), 3.90
(1H, quasi t, J,3=9.0 Hz, J34=9.5 Hz, H3); BHNMR (CDCls)
6=103.0 (C1), 106.4 (C1"), 82.1 (C2), 88.2 (C2'), 78.1 (C3), 83.9
(C3"), 76.2 (C4), 81.2 (C4"), 64.1 (C5), 69.7 (C5'),

and 66 (6%), [a]p +9° (¢ 1.7, CHCL;); "HNMR (CDCls) 6=4.49
(1H,d, J,=7.5Hz, H1), 5.62 (1H, d, J;» »»=4.0 Hz, H1), 3.89 (1H,
t, J23=J34=9.0 Hz, H3); *CNMR (CDCl3) 6=103.1 (C1), 100.6
(C1"), 80.2 (C2), 87.8 (C2"), 78.9 (C3), 83.1 (C3'), 78.2 (C4), 80.0
(C4"), 63.2 (C5), 72.6 (C5").

Found: 65: C, 75.34; H, 6.72% and 66: C, 75.63; H, 6.68%.
Calcd for Cs;Hs40q: C, 75.89; H, 6.61%.

O-(a-L-Arabinofuranosyl)-(1—3)-D-xylopyranose (67). Hy-
droganation of 60 (30.0 mg, 0.036 mmol) over Pd on C (10%, 20
mg) in acetic acid (6.0 ml) at room temp overnight under 340 kPa
of H, followed by chromatography using CM system afforded 67
(8.1 mg, 79%), [alp —57° (c 0.5, Hy0) (1it,*® [a1F —64° (H,0),
[a]2 —77° (¢ 1.3, H,0)); "THNMR (D;0)) (40%a) 6=5.18 (d,
Ji12=3.5Hz, Hla), 4.60 (d, Ji 2=7.5 Hz, H1f3), 5.29 (d, J)/ »r=1.5
Hz, Hl'@), 5.32 (d, J r=1.5 Hz, HI' §).

Found: C, 39.71; H, 6.68%. Calcd for C,oH309-H;0: C, 40.00;
H, 6.71%.

Benzyl 0-(2,5-Di-0O-benzyl-a-L-arabinofuranosyl)-(1—3)-2,
4-di-O-benzyl-a-p-xylopyranoside (47). A mixture of 58 (153.4
mg, 0.20 mmol), PdCl; (54.0 mg), sodium acetate (54.0 mg), and
aq acetic acid (90%, 3.0 ml) was agitated at 60 °C for 30 min.
The cooled mixture was filtered. The filtrate was concentrated and
chromatographed using TK system to give 47 (101.1 mg, 70%),
[alp +28° (¢ 0.4, CHCL;); 'HNMR (CDCl3) 5=2.81 (1H, d, J=9.5
Hz, OH3"), 4.77 (1H, d, J:2=3.5 Hz, H1), 5.65 (1H, s, H1'), 4.25
(IH, t, Jzy3:’3,4=9.5 HZ, H3), 4.03 (1H, ddd, .12/’3l=1 5 HZ, J3l,4l =3.0
Hz, H3'); *CNMR (CDCl3) 6=94.9 (C1), 106.1 (C1"), 80.2 (C2),
87.6 (C2'), 74.6 (C3), 77.2 (C3'), 76.5 (C4), 84.4 (C4"), 60.0 (CS),
70.5 (C5').

Found: C, 74.07; H, 6.80%. Calcd for C4sH4309: C, 73.75; H,
6.60%.

Benzyl O-(Benzyl 2,3,4-Tri-O-benzyl-a- and - f-D-gluco-

Dehydrative a-Glucuronosylation

pyranosyluronate)-(1—3)-0-(2,5-di-O-benzyl- ¢-L-arabinofu-
ranosyl)-(1—3)-2,4-di-O-benzyl- ¢-D-xylopyranoside (68 and
69). Condensation of 3 (85.4 mg, 0.154 mmol) with 47 (86.8
mg, 0.119 mmol) was carried out in the presence of p-nitroben-
zenesulfonyl chloride (65.7 mg), silver trifluoromethanesulfonate
(76.2 mg), and triethylamine (41.4 pl) in dichloromethane (1.00
ml) in a similar manner described above for the condensation of
2 and 14. On chromatography using TK system, the first elu-
ate was benzyl 0-(2,5-di-O-benzyl-3-O-p-nitrobenzenesulfonyl-
a-L-arabinofuranosyl)-(1-—3)-2 4-di-O-benzyl- a¢-D-xylopyran-
oside (70) (22.4 mg, 21%), [alp +1° (c 1.2, CHCl3); 'HNMR
(CDCls) 6=4.80 (IH, d, J;,=3.5 Hz, HI), 5.63 (IH, s, HI'),
4.20 (1H, t, Jo3=J34=9.5 Hz, H3), 4.83 (1H, dd, J» 3y =1.5 Hz,
Jur s=4.5 Hz, H3'); "CNMR (CDCl3) §=94.8 (C1), 105.7 (C1"),
80.2 (C2), 86.9 (C2'), 75.7 (C3), 84.8 (C3"), 76.3 (C4), 80.1 (C4"),
60.1 (C5), 68.4 (C5’) (Found: C, 67.71; H, 5.71; N, 1.35%. Calcd
for Cs;Hs5;NO3S: C, 66.73; H, 5.60; N, 1.53%). Then, there ap-
peared 68 (61.6 mg, 41%), [alp +39° (¢ 2.0, CHCL;); 'HNMR
(CDCl3) 6=4.69 (1H, J,2=3.5 Hz, H1), 5.63 (1H, s, H1"), 5.06
(1H, Jyu 1 =3.5 Hz, H1"), 420 (1H, dd, J23=9.5 Hz, J34=8.5
Hz, H3), 4.13 (1H, dd, J» 3y =1.5 H, Jy 4=5.0 Hz, H3"), 4.61 (1,
d, Jy 5 =10.0 Hz, H5"); *CNMR (CDCl3) 6=95.0 (C1), 106.4
(C1"), 98.7 (C1"), 80.5 (C2), 88.2 (C2), 79.3 (C2"), 76.4 (C3),
85.5 (C3), 81.2 (C3"), 76.4 (C4), 81.7 (C4"), 79.6 (C4"), 60.4
(C5), 68.7 (C5"), 71.1 (C5"), 169.6 (C6"), 67.2 (benzyl, ester),
and 69 (37.3 mg, 25%), [a]p +19° (¢ 0.3, CHCl;); 'HNMR
(CDCly) 6=4.76 (1H, J;2=3.5 Hz, H1), 5.63 (1H, s, H1"), 4.46
(1H, Jy 5+ =7.5 Hz, H1"'), 4.23 (1H, quasi t, J,3=9.5 Hz, J34=9.0
Hz, H3), 4.31 (1H, dd, J 3-=2.0 Hz, J3 4:=5.5 Hz, H3'). 3.78 (1H,
d, Jy 51 =10.0 Hz, H5"); "CNMR (CDCl3) 6=94.9 (C1), 106.2
(C1’), 103.2 (C1"), 80.5 (C2), 88.9 (C2'), 81.5 (C2"), 76.1 (C3),
84.0 (C3), 83.7 (C3"), 76.6 (C4), 81.2 (C4"), 79.2 (C4"), 60.5
(C5), 68.7 (C5'), 74.4 (C5"), 168.2 (C6"'), 67.2 (benzyl, ester).
Found: 68: C, 74.47; H, 6.42% and 69: C, 73.75; H, 6.65%.
Calcd for C79HgoO15: C, 74.74; H, 6.35%.
O-a-D-Glucopyranosyluronic acid-(1—3)-0-a-L-arabinofu-
ranosyl-(1—3)-D-xylopyranose (44). Hydrogenation of 67 (32.0
mg, 0.025 mmol) was conducted over Pd on C (25 mg) in acetic
acid (6.0 ml) under 340 kPa of H; at 25 °C overnight. After removal
of the catalyst by filtration, the filtrate was evaporated to dryness
in vacuo at 35 °C. The residue was chromatographed on cellulose
powder (Toyo Roshi Kaisha, Ltd., 100—200 mesh) with methanol.
Evaporation and trituration with acetone gave colorless powder of
44 (8.8 mg, 76%), [a]p +8° (c 0.4, H,0); 'HNMR (D,0) (45%a)
0=5.32(d, J1,=3.5Hz,Hla),4.74 (d, J,: ,=7.5 Hz, H18), 5.45 (s,
H1' @), 5.48 (s, H1'8), 5.22 (1H, Jy »»=10.0 Hz, H5").
Found: C,40.24; H, 5.95%. Calcd for C16Hy605-H,O: C, 40.34;
H, 5.92%.

References

1) S. Koto, N. Morishima, Y. Hamada, T. Sato, Y. Miyata,
and S. Zen, “The 8th International Symposium on Carbohydrate
Chemistry,” Kyoto, 1976, Abstr., 1D-4.

2) K. Toshima and K. Tatsuta, Chem. Rev., 93, 1503 (1993);
Kaji and F. W. Lichtenthaler, Trends Glycosci. Glycotechnol., S,
121 (1993); G. Magnusson, A. Y. Chernyak, J. Kihlberg, and L. O.
Kononov, “Neoglycoconjugates. Preparation and Applications,” ed
by Y. C. Lee and R. T. Lee, Academic Press, San Diego (1994), pp.
53—143; T. Ogawa, Chem. Soc. Rev., 1994, 397; R. R. Schmidt
and W. Kinzy, Adv. Carbohydr. Chem. Biochem., 50, 21 (1994); L.
V. Backinowsky, “Synthetic Oligosaccharides,” ACS Symposium



S. Koto et al.

Series No. 560, ed by P. Kova¢, Am. Chem. Soc., Washington,
DC (1994), pp. 36—50; S. H. Khan and O. Hindsgaul, “Molec-
ular Glycobiology,” ed by M. Fukuda and O. Hindsgaul, IRL,
Oxford (1994), pp. 206—229; A. Hasegawa, Nippon Nogeikagaku
Kaishi, 69, 1147 (1995); S. Hashimoto, T. Honda, Y. Yanagiya, M.
Nakajima, and S. Tkegami, Yuki Gosei Kagaku Kyokai Shi, 53, 620
(1995); M. Nishizawa and H. Yamada, Synlers, 1995, 785; G.-J.
Boons, Tetrahedron, 52, 1095 (1996).

3) S. Koto, T. Sato, N. Morishima, and S. Zen, Bull. Chem.
Soc. Jpn., 53, 1761 (1980).

4) G.Grynkiewicz, Pol. J. Chem., 53,1571 (1979); A. A.Pavia,
J.-M. Rocheville, and S. N. Ung, Carbohydr. Res., 79, 79 (1980);
W. Szeja, Synthesis, 1988, 223; T. Mukaiyama and S. Suda, Chem.
Lert., 1990, 1143; S. Suda and T. Mukaiyama, Chem. Lett., 1991,
431; T. Mukaiyama, K. Matsubara, and S. Suda, Chem. Lett., 1991,
981; J. Inanaga, Y. Yokoyama, and T. Hanamoto, J. Chem. Soc.,
Chem. Commun., 1993, 1090; N. Shimomura and T. Mukaiyama,
Bull. Chem. Soc. Jpn., 67, 2532 (1994); P.-M. Aberg and B. Ernst,
Acta Chem. Scand., 48, 356 (1994); H. Susaki, Chem. Pharm.
Bull., 42, 1917 (1994); T. Mukaiyama, K. Matsubara, and M. Hora,
Synthesis, 1994, 1368; H. Uchiro and T. Mukaiyama, Chem. Lett.,
1996, 79.

5) S. Koto, N. Morishima, M. Uchino, M. Fukuda, M.
Yamazaki, and S. Zen, Bull. Chem. Soc. Jpn., 61, 3943 (1988).

6) C. A. A. van Boeckel, L. P. C. Delbressine, and F. M.
Kaspersen, Recl. Trav. Chim. Pays-Bas, 104, 259 (1985); 6a) R.
R. Schmidt and E. Riicker, Tetrahedron Lett., 21, 1421 (1980).

7) N. Pravdi¢ and D. Keglevié, Tetrahedron, 21, 1897 (1965);
D. Keglevi¢ and D. Ljevakovié, Carbohydr. Res., 64, 319 (1978);
F. M. Kaspersen, C. A. A. van Boeckel, L. P. C. Delbressine, A.
Koten, P. L. Jacobs, and C. W. Funke, Carbohydr. Res., 190, C11
(1989); 1. Panfil, P. A. Lehman, P. Zimniak, B. Ernst, T. Franz,
R. Lester, and A. Radominska, Biochim. Biophys. Acta, 1126, 221
(1992).

8) P. Kovéac, J. Alfoldi, and M. Kogik, Chem. Zvesti, 28, 820
(1974); T. Yamanoi, K. Nakamura, S. Sada, M. Goto, Y. Furusawa,
M. Takano, A. Fujioka, K. Yanagihara, Y. Satoh, H. Hosokawa, and
T. Inazu, Bull. Chem. Soc. Jpn., 66, 2617 (1993); 8a) P. J. Garegg,
L. Olsson, and S. Oscarson, J. Org. Chem., 60, 2200 (1995).

9) G. N. Bollenback, J. W. Long, D. G. Benjamin, and J. A.
Lindquist, J. Am. Chem. Soc., 77, 3310 (1955); W. D. S. Bowering
and T. E. Timell, J. Am. Chem. Soc., 82, 2827 (1960).

10) S. Koto, N. Morishima, H. Sato, Y. Sato, and S. Zen, Bull.
Chem. Soc. Jpn., 58, 120 (1985).

11) T. Iwashige and H. Saeki, Chem. Pharm. Bull., 15, 1803
(1967).

12) P. A. Gent and R. Gigg, J. Chem. Soc., Perkin Trans. 1,
1974, 1835.

13) T. Ogawa, S. Nakabayashi, and T. Kitajima, Carbohydr.
Res., 114, 225 (1983).

14) S. Koto, N. Morishima, K. Takenaka, K. Kanemitsu, N.
Shimoura, M. Kase, S. Kojiro, T. Nakamura, T. Kawase, and S.
Zen, Bull. Chem. Soc. Jpn., 62, 3549 (1989); 14a) S. Koto, N.

Bull. Chem. Soc. Jpn., 69, No. 11 (1996) 3259

Morishima, R. Kawahara, K. Ishikawa, and S. Zen, Bull. Chem.
Soc. Jan., 55, 1092 (1982); M. Santelli and J.-M. Pons, “Lewis
Acids and Selectivity in Organic Synthesis,” CRC Press, Tokyo
(1996), Chap. 1.

15) P. A.J. Gorin and M. Mazurek, Can. J. Chem., 53, 1212
(1975); T. Usui, N. Yamaoka, K. Matsuda, K. Tujimura, H.
Sugiyama, and S. Seto, J. Chem. Soc., Perkin Trans. 1, 1973, 2425.

16) S. Koto, N. Morishima, M. Owa, and S. Zen, Carbohydr.
Res., 130, 73 (1984).

17) M. Tomoda, N. Shimizu, K. Shimada, R. Gonda, and H.
Sakabe, Chem. Pharm. Bull., 32, 2182 (1984).

18) N. Morishima, S. Koto, C. Kusuhara, and S. Zen, Bull.
Chem. Soc. Jpn., 55, 631 (1982).

19) S. Koto, N. Morishima, T. Yoshida, M. Uchino, and S. Zen,
Bull. Chem. Soc. Jpn., 56, 1171 (1983).

20) S.Koto, N. Morishima, K. Takenaka, C. Uchida, and S. Zen,
Bull. Chem. Soc. Jpn., 58, 1464 (1985).

21) S. Koto, N. Morishima, C. Kusuhara, S. Sekido, T. Yoshida,
and S. Zen, Bull. Chem. Soc. Jpn., 55, 2995 (1982).

22) S. K. Das, R. Ghosh, A. K. Ray, and N. Roy, Carbohydr.
Res., 253, 301 (1994); A. K. Misra and N. Roy, Carbohydr. Res.,
278, 103 (1995).

23) S.Koto, H. Haigoh, S. Shichi, M. Hirooka, T. Nakamura, C.
Maru, M. Fujita, A. Goto, T. Sato, M. Okada, S. Zen, K. Yago, and
F. Tomonaga, Bull. Chem. Soc. Jpn., 68, 2331 (1995).

24) S. Koto, N. Morishima, S. Shichi, H. Haigoh, M. Hirooka,
M. Okamoto, T. Higuchi, K. Shimizu, Y. Hashimoto, T. Irisawa,
H. Kawasaki, Y. Takahashi, M. Yamazaki, Y. Mori, K. Kudo, T.
Ikegaki, S. Suzuki, and S. Zen, Bull. Chem. Soc. Jpn., 65, 3257
(1992).

25) J.-M. Petit and P. Sinay, Carbohydr. Res., 64,9 (1978).

26) S. David, A. Lubineau, and A. Thieffry, Tetrahedron, 34,
299 (1978); S. Koto, N. Morishima, T. Irisawa, Y. Hashimoto, M.
Yamazaki, and S. Zen, Nippon Kagaku Kaishi, 1982, 1651.

27) A. Y. Chemnyak, K. V. Antonov, and N. K. Kochetkov,
Bioorg. Khim., 13, 958 (1987). '

28) K. R. Holme and L. D. Hall, Carbohydr. Res., 225, 291
(1992).

29) S. Koto, S. Inada, T. Yoshida, M. Toyama, and S. Zen, Can.
J. Chem., 59, 255 (1981).

30) R. Bhatnagar, N. Banerjee, H. C. Srivastava, and K. A.

Prabhu, Carbohydr. Res., 89, 346 (1981).

31) Y. Hirasaka, Yakugaku Zasshi, 83, 960 (1963); G. G. S.
Dutton and K. N. Slessor, Can. J. Chem., 42, 1110 (1964).

32) C.E.Ballou, S. Roseman, and K. P. Link, J. Am. Chem. Soc.,
73,1140 (1951); C. K. de Bruyne and G. van der Groen, Carbohydr.
Res., 2,173 (1966); R. F. Helm, J. Ralph, and L. Anderson, J. Org.
Chem., 56, 7015 (1991).

33) I Augestad and E. Berner, Acta Chem. Scand., 8,251 (1954).

34) 1. Kusakabe, T. Yasui, and T. Kobayashi, Nippon Nogei
Kagaku Kaishi, 51, 669 (1977); J. Hirsch, E. Petrdkovd, and M.
Hricovini, Chem. Pap., 43, 395 (1989).




