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The linear tetrasaccharide, a-D-fucopyranosyl-(1—4)-a-D-fucopyranosyl-(1—4)- a-D-quinovopyranosyl-(1-—4)-
D-quinovopyranose, the sugar cluster of asterosaponin A from the starfish, Asterias amurensis, was synthesized in a
convergent manner. We employed an in situ activating glycosylation using 1-OH sugar derivatives and a system of
p-nitrobenzenesulfonyl chloride, silver trifluoromethanesulfonate, and triethylamine as well as a related system. *

In recent time, the development of the methods for glyco-
sylation have brought forth great progress in the technology
for the reconstruction of sugar chains having fairly large de-
grees of polymerization.' In view of simplifications of pro-
cedure for glycosylation, however, not many protocols in
which a 1-OH sugar derivative is directly activated in the
presence of an acceptor have been reported.” To our knowl-
edge, such a method has not yet been well used for the 1-OH
derivatives of 6-deoxysugars, which are found in many kinds
of natural products.® The cases reported were the use of 2,3,
4-tri-O-benzyl-L-rhamnopyranose as a glycosyl donor in the
synthesis of the trifurcated sugar cluster* using the system
of p-nitrobenzenensulfonyl chloride (NsCl), silver trifluoro-
methanesulfonate (AgOTf), and triethylamine (TEA) (NST
system)® and the use of 2,3,4-tri-O-benzyl-L-fucopyranose
in the stereoselective glycosylation of the protected D-serine
in the presence of trimethylsilyl triflate.® We now wish to
show a new application of in situ activating glycosylation®’
for synthesis of 6-deoxysugars. The aim of this paper is the
demonstration of a synthesis of the linear tetrasaccharide,
a-D-fucopyranosyl-(1—4)-a-D-fucopyranosyl-(1—4)-a-D-
quinovopyranosyl-(1—4)-D-quinovopyranose (1),* the sugar
cluster in asterosaponin A from Asterias amurensis, by way
of an in situ activating glycosylation using 1-OH derivatives
of 6-deoxyhexoses and the NST system® as well as the re-
lated NSDT system.” The glycosylation with these reagent
systems has been studied using 2,3,4,6-tetra-O-benzyl-D-
glucopyranose (TBG) by us some years ago.

The tetrasaccharide 1 was planned to be synthesized con-
vergently from the four monosaccharide units, 2, 3, 4, and
5, via the syntheses of the intermediary disaccharide deriva-
tives, 6 and 7, as shown in Fig. 1. The synthesis was started
from the transformation of the acetal 8’ into the acceptor 2, as
illustrated in Fig. 2. Compound 8 was benzylated, followed

# Presented at the 76th Spring Meeting of Chem. Soc. Jpn.,
Yokohama, March 29th, 1999, Abstr., No. 2A113.

by hydrolysis, to give the diol 9, of which transformation into
the monotosylate 10 was performed by selective tosylation
of its primary OH group. This afforded the acceptor 2, on
reduction with lithium tetrahydridoaluminate (LAH). Such
a route has been used to prepare a similar benzyl derivative
of quinovose.'” Recently, 2 has been prepared via a different
route.!' The donor 3 was prepared earlier.’

The acceptor 4 was prepared from the acetal 11'* via se-
lective tosylation of the diol 12, as illustrated in Fig. 2. The
reported procedure'® for reduction of the tosylate 13 with
LAH was slightly modified. The donor 5 was prepared from
the galactoside derivative 14."° Direct bromination of 14
with carbon tetrabromide and triphenylphosphine,'® afforded
quantitatively the bromide 15. This has been prepared via a
two-step process.!” Efficient reduction of 15 with the tribu-
tyltin hydride'® furnished the D-fucoside 16. Acid hydrolysis
of 16 afforded 5."

The in situ activating glycosylation of the acceptors 17
and 18 was carried out using the quinovosyl donor, 19,2 3,
and the fucosyl donnor 5 (Table 1) in the presence of the
NST system® as well as of the NSDT system,’ consisting
of NsCl, AgOTf, N,N-dimethylacetamide (DMA), and TEA
(Fig. 3), in order to evaluate the applicability of these systems
to the present case. In the case of 19, the NSDT system was
effective to produce the a-linked disaccharides, 20a (Run 2)
and 21a (Run 4), in comparison with the cases employing
the NST system (Runs 1 and 3). The quinovose derivative
3 also selectively afforded the a-linked disaccharides 22a in
the use of the NSDT system (Run 6), whereas the NST system
did not show appreciable selectivity (Run 5). These results
show that DMA is effective for the selective formation of -
glycoside of the 6-deoxysugar derivatives, 19 and 3, but its
effect was less than that in the previous cases using TBG.”

It was found that the glycosylation of the secondary al-
cohol 17 using the fucosyl donor 5 and the NST system
yielded the a-linked disaccharides 23a selectively (Run 7,
a/fi =72/28), differing from the case of the quinovosyl



968  Bull. Chem. Soc. Jpn., 73, No. 4 (2000) In situ Activating Glycosylation

HO

HO Me Me

0 O

HO
HOO le)
HO Me
HOO

BnO Me

Me n Me
BhOMe N, &\i\‘, BnO
OH

o
BnO gngm,OBn
OBn OBn
7 6

BnO
Me o Me Me o Me o
ALO HO
BnomOH Bno% BanH Bnm/ OBn
OBn B OBn 0Bn

5 3 2
Fig. 1. Retrosynthesis of O-a-D-Fucp-(1—4)-0-a-D-Fucp-(1—4)-0-a-D-Quip-(1—4)-D-Quip (1).

HO
o]
nO
OAL
4

Table 1. Results of Glycosylation Using 1-OH Derivatives of 6-Deoxysugars®®

Run DOH(eq) AOH (mg, mmol) N/eq Sleq Dleq Tleq CH,Cly/ml DOA (%, a/B)

1 19(1.3) 17 (30.0, 0.065) 25 25 — 25 0.30 20a+20b (95, 58/42)
2 19 (1.3) 17 (30.0, 0.065) 25 25 25 25 0.30 20a+20b (97, 83/17)
3 19(1.1) 18 (30.0, 0.065) 1.7 1.7 — 1.7 0.30 21a+21b (94, 62/38)
4 19 (1.3) 18 (30.0, 0.065) 2.5 2.5 5.0 25 0.30 21a+21b (89, 66/34)
5 3(1.3) 2 (30.0, 0.06%) 2.5 2.5 — 2.5 0.30 22a+22b (77, 55/45)
6 3(1.3) 2 (30.0, 0.070) 2.5 25 2.5 2.5 0.30 22a+22b (92, 78/21)
7 5(1.3) 17 (30.0, 0.065) 25 25 — 2.5 0.30 23a+23b (96, 72/28)
8 5.1 18 (30.0, 0.065) 1.7 1.7 — 1.7 0.30 24a+24b (70, 33/67)
9 5(1.3) 4(31.0,0.081) 25 2.5 — 25 0.30 25a+25b (71, 65/35)
10 5(1.3) 4 (33.0, 0.086) 2.5 25 2.5 25 0.30 25a+25b (98, 68/32)
11 7(1.2) 6 (34.0, 0.045) 3.0 3.0 — 3.0 0.34 30a+30b (87, 94/6)
12 7(1.3) 6 (32.0,0.042) 3.0 3.0 3.0 3.0 0.32 30a+30b (94, 98/2)

a) The reactions started at —60 °C of bath temp which was allowed to rise up to 0 °C at a pace of ca. 0.3 min™ !, and then
kept at this temp for 24 h. b) DOH = donor, AOH = acceptor, DOA = condensates, N = p-NO;CsHs SO, Cl (NsCl),
S = CF3803Ag (AgOTf), D = AcNMe; (DMA), T = EtsN (TEA).

donor 19 (Run 1, @/ = 58/42). The benzyloxy group at that the selective formation of the B-linked 24b is due to the
the C-4 position oriented into the B-side of 5 appears to inter-  high ratio (a/f = 71/29) of the a-anomer of 5 comparing
fere with the incoming bulky 17 to its anomeric center from  to that (a/f = 55/45) of 19. Reactive primary alcohol 18
the B-side to depress the yield of the f-linked 23b. On the  will react, even at lower temperature, with the intermediary
contrary to this, however, the analogous glycosylation of the ~ @-sulfonate’ formed from the major a-anomer of 5 in Sy2
primary alcohol 18 using 5 and the NST system gave the /-  manner to produce the f-glycoside 24b significantly. On
linked disaccharides 24b selectively (Run 8, &/ = 33/67).  condensation of 4 and 5, the NSDT system improved the
These results contrast to those (Run 3, a/f = 62/38) ob- yield of the condensates, 25a and 25b (Run 10), in compar-
tained in the case of the quinovosyl donor 19. We consider  ison with the case using the NST system (Run 9), although
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the a-selectivity was not much improved.

Removal of allyl group from the disaccharide derivative
22a produced the acceptor 6. This could also be synthesized
alternatively from the maltose derivative 26 (Fig. 4). Trityl-
ation of 26 afforded 27, of which conversion into the diol
28 was carried out via benzylation and successive hydroly-
sis. Controlled tosylation of 28 on its primary OH groups
afforded the ditosylate 29, which was then transformed re-
ductively into 6, using LAH.

Mild deallylation of 25a was carried out to give the donor
7 (Fig. 3). The condensation of 6 and 7 furnished the totally
benzylated tetrasaccharide 30a with excellent a-selectivity
(Fig. 3); the yield was better in the use of the NSDT (Run 12)
than that in the use of the NST system (Run 11) as was true in
the case of § (Run 10). The final total debenzylation of 30a
afforded the desired 1. The component disaccharides, 31 and
32, obtained through debenzylation of 6 and 7, respectively
(Fig. 3).

In summary, (1) in situ activating glycosylation using a
1-OH sugar derivative and the NST system® or the NSDT
system’ was applicable to the 6-deoxysygars, D-quinovose,
and D-fucose, and (2) a synthesis of the tetrasaccharide 1,°
starting from the monosaccharide units, 2, 3, 4, and §, was
demonstrated by the use of the a-glycosylation with the
NSDT system.’

OBn OBn

18 19
a) BnBr, NaH/DMF, 0 °C;
e) CBry, PhiP/Pyridine, AA; ) BnsSnH, AIBN/PhMe, A;  g) H>SOs/aq AcOH, A.

b) aq AcOH (80%), A; ¢) TsCl/Pyridine, 0

Experimental”'

The solvent systems for column chromatography on silica gel
(Kanto Chemical, No. 37047; gradient elution) and thin-layer chro-
matography (TLC) (Merck, DC-Plastikfolien Kieselgel 60 F 254,
Art. 5735) were chloroform—MeOH (CM), hexane—AcOEt (HE),
PhMe—AcOEt (TE), and PhMe—2-butanone (TK). Hydrogenolytic
debenzylation was carried out using a Parr-3911 hydrogenation
apparatus under 340 kPa of Hz at room temp. Evaporation was
carried out under reduced pressure. The melting points were de-
termined by a Micro-melting-point apparatus (Yanagimoto Mfg.,
Co.). The optical rotations were measured on a JASCO DIP-180
Digital Polarimeter at room temp. The 'H and "*C NMR spectra
were recorded with a Varian VXR300, occasionally with a Varian
XL-400, spectrometer, along with the measurements of HH-COSY,
C,H-COSY, and DEPT spectra. The assignments of the spectra of
31a and of 1 were made by auxiliary measurements of HOHAHA,
HMQC, and HMBC spectra. The described data of '"HNMR for
the hydrogens in a sugar framework are based on the signals show-
ing clear splitting patterns. As for "CNMR, the data described
are those for the carbons in a sugar structure together with some
charactaristic chemical shifts of substituents. The chemical shifts
of the *CNMR spectra of 31, 32, and 1 in DO are summarized in
Table 2.

Compounds 3,7 8.° 19'> '"HNMR (CDCl;, 300 MHz) § = 4.43
(0.45H, d, J,2 = 7.5 Hz, H1f (this expression means the H atom
at the position 1 of the f-anomer and so on)), 4.99 (0.55H, d,
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Fig. 4. Alternative synthesis of monohydroxy derivative of a-D-quinovosyl-(1—4)-D-quinovose. a) TrCl/Pyridine, A; b) BnBr,

NaH/DMF, 0 °C; c¢) aq AcOH (80%), A\; d)
(Ph;P)s/EtOH-PhH-H,0, 4A; g) dil HClI/Me,CO, A.

Ji2 = 3.0Hz, Hla); "CNMR (CDCl3, 75 MHz) 8 = 100.9 (Cla
(this expression means the C atom at the position 1 of the a-anomer
and so on)), 105.2 (C1/3)), and 26° were those reported previously.
The acceptors 17*' and 18>? were prepared by the known methods.
The results of glycosylation are summarized in Table 1. The
ratios of a-linked glycoside to 5-linked one, expressed as a/f3, are
based on the weight of the products obtained through chromato-
graphical separation using the solvent systems specified below.
Benzyl 2,3-Di-O-benzyl-6-0-tosyl- -D-glucopyranoside (10).
The known procedure was modified as follows: A mixture of 8°

TsCl/Pyridine, 0 °C-—room temp; e€)

LiAIH4/Et;O, A; f) RhCI-

(5 g, 0.014 mol), PhCH,Cl1 (35 ml, 0.30 mol), and crushed KOH
(7.5 g, 0.13 mol) was vigorously stirred at 120 °C for 1.3 h. The
cooled mixture was diluted with PhMe (150 ml) and H,O (100 ml).
The aqueous layer was extracted with PhMe (75 ml and 30 ml).
The combined organic layer was washed five times with water (50
ml) and concentrated to give a yellow oil. This was treated with
aq AcOH (80%, 70 ml) at 95 °C for 40 min. Concentration and
chromatography with TK system gave almost pure Benzyl 2,3-Di-
O-benzyl-#-p-glucopyranoside (9) (5.1 g, 81%), mp 108—109
°C (lit,” mp 112—113 °C). To a solution of 9 (3.5 g, 7.8 mmol)
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Table 2. "*C NMR Spectral Data” of 1,” 31, and 32¢

31 32 1
a § a § a §
cl 95.1  99.0 95.7 99.8 952  99.0
c2? 749 776 71.5 74.9 749 716
c3' 765  79.5 72.1 75.8 765 795
c4! 86.5 86.0 83.4 82.6 86.9  86.4
Cs' 693 739 70.4 74.4 693 739
Ce' 207 208 18.9 19.0 20.68 20.73
ci™ 1032 103.0 10378  103.82 103.1 103.0
ot 754 753 72.1 72.1 752 75.1
c3t 76.0  76.0 72.8 72.8 767 767
c4" 782 782 75.3 75.3 862  86.2
Ccs! 71.9 719 70.3 70.3 70.5 705
Cco't 198 198 18.6 18.6 202 202
cit 103.7 103.7
coM 71.8 718
can 724 724
c4™M 833 833
csm 713 713
ce' 183 183
civ 103.8 103.8
v 721 721
c3'Vv 728 728
c4v 754 754
csv 704 704
Cce'Y 186 186

a) The spectra were measured at 100.8 MHz, in D;O. b) The
spectra were measured at 75.6 MHz, in D, O.  ¢) The assignments
were made by the measurements of H,H-COSY and C,H-COSY
spectra. For the tetrasaccharide 1, the assignments were assisted
by the auxilary measurements of HOHAHA, HMQC, and HMBC
spectra.

in pyridine (31 ml), a solution of TsCI (1.9 g, 10 mmol) in pyridine
(3.5 ml) was added portionwise under stirring at 0 °C for 30 min.
After being kept at room temp for 3 d, the reaction mixture was
concentrated and chromatographed with TK system to give 10 (4.3
g, 74% from 8), [a]p —36 (¢ 1.2, CHCL) (lit,”* [alp —36 (c 2,
CHCl3)); "HNMR (CDCls, 300 MHz) 6 = 2.34 (1H, br, OH), 2.43
(3H, s, Ts), 4.24 (1H, dd, Jsea = 5.0 Hz, Jeaoo = 11.0 Hz, H6a),
4.36 (1H, dd, Jsep = 1.0 Hz, H6b), 4.48 (1H, d, /12 = 7.0 Hz, H1);
“CNMR (CDCl3, 75 MHz) 6 = 21.6 (Ts), 69.0 (C6), 69.5 (C4),
73.1 (C95), 81.6 (C2), 83.6 (C3), 102.2 (C1).

Found: C, 67.35; H, 6.07%. Calcd for C34H3c04S: C, 67.53; H,
6.00%.

Benzyl 2,3-Di-0-benzyl-6-deoxy- f-D-glucopyranoside (2).
To a solution of 10 (3.9 g, 6.5 mmol) in Et;O (92 ml), LAH (0.97
g, 25.6 mmol) was carefully added portionwise. After refluxing
for 50 min at 50 °C, the resulting mixture was cooled in an ice-
bath and diluted with PhMe (50 ml), followed by the addition
of AcOEt (9.7 ml) dropwise under stirring. Concentration and
chromatography with TE system gave colorless crystalline material
(3.0 g). Recrystallization from hexane gave 2 (2.0 g, 71%), mp
125—126 °C, [a]p —59 (¢ 0.6, CHCIL) (lit,'' mp 125—127 °C,
[alp —56 (¢ 0.6, CHCI3)); 'HNMR (CDCls, 400 MHz) 6 = 1.34
(3H, d, Js6 = 6.0 Hz, H6), 2.15 (1H, d, Json = 2.3 Hz, OH), 3.25

Bull. Chem. Soc. Jpn., 73, No. 4 (2000) 971

(1H, dt, J34 = Js5 = 9.0 Hz, H4), 3.34 (1H, dq, HS), 3.39 (1H, t,
J»3 =9.0 Hz, H3), 3.51 (1H, dd, J,» = 7.5 Hz, H2), 4.53 (1H, d,
H1); *CNMR (CDCl;, 100 MHz) § = 17.7 (C6), 71.3 (CS), 74.9
(C4), 82.2 (C2), 84.0 (C3), 102.5 (C1).

Found: C, 74.55; H, 7.04%. Caled for C27H300s: C, 74.63; H,
6.96%.

Allyl 2,3-Di-O-benzyl- a¢-p-galactopyranoside (12). This
was prepared from D-galactose via a modified process as follows:
A mixture of anhydrous D-galactose (Kanto Chemical Co., Inc.,
10 g, 0.056 mol), allyl alcohol (81 ml, 1.2 mol), and MeSO;H
(0.81 ml, 13 mmol) was refluxed at 90 °C for 3 h. After the
addition of NaHCO; (1.3 g, 16 mmol), the mixture was stirred
overnight at room temp. Concentration and chromatography with
CM system afforded colorless solid allyl D-galactopyranoside (7.8
2,64%), '"HNMR (D,0, 300 MHz) 6 = 4.43 (0.33H,d,J12 = 7.5
Hz, H18), 4.99 (0.67H, d, J,» = 3.0 Hz, Hla);*CNMR (D-0,
75 MHz) 6 = 100.9 (Cla), 105.2 (C1/3). This was dissolved in
DMF (47 ml, 0.107 mmol) containing benzaldehyde dimethyl acetal
(16ml) and TsOH-H,O (0.54 g, 3 mmol) and the resulting solution
was kept standing overnight at room temp. After NaHCO; (0.48
£) was added, concentration and chromatography with CM system
afforded pure colorless solid 11 (7.8 g, 45% from D-galactose), mp
102—103 °C (lit,"* mp 115—117 °C); "H NMR (CDCls, 300 MHz)
0 =5.09(1H,d, Ji» = 1.5 Hz, H1), 5.56 (1H, s, benzylidene), 5.93
(1H, m, allyl); "*CNMR (CDCls, 75 MHz) 6 = 98.2 (C1), 101.3
(benzylidene). Further elution furnished the f-anomer (> 2 g);
'"HNMR (CDCls, 300 MHz) 6 = 4.33 (1H, d, /2 = 7.5 Hz, HI),
5.55 (1H, s, benzylidene), 5.96 (1H, m, allyl); “"CNMR (CDCl;,
75 MHz) é = 101.4 (benzylidene), 101.6 (C1).

To a mixture of 11 (4.4 g, 14 mmol), DMF (44 ml), and PhCH,Br
(10 ml, 84 mmol) was added NaH (ca. 60% in oil, 2.2 g, 55 mmol)
at 0 °C. After this mixture was stirred for 1.7 h at room temp,
MeOH (10 ml) was added under stirring in cold bath. The mixture
was diluted with PhMe (300 ml) and H,O (100 ml). The aqueous
layer was extracted with PhMe (200 ml and 100 ml) and then
the combined organic layer was washed four times with water (100
ml). After concentration, chromatography with TE system afforded
colorless syrupy benzyl ether (6.7 g). A portion of this (320 mg,
0.66 mmol) was heated with ag AcOH (80%, 2.3 ml) at 95 °C
for 15 min. Concentration and chromatography with TE system
gave colorless syrupy 12 (190 mg, 70% from 11), [a]p +68 (c 1.0,
CHCl3) (lit," [a]p +96.1 (¢ 0.6, CHCL3)); '"HNMR (CDCl;, 300
MHz) é = 2.35(1H, dd, J = 4.0, 8.5 Hz, OH6), 2.72 (1H, 5, OH4),
3.83 (1H, dd, J4+5 = 0 Hz, Js¢ = 4.0, 6.0 Hz, H5), 3.86 (1H, dd,
Ji2 =3.5Hz, J,3 = 10.0 Hz, H2), 3.92 (1H, dd, J34 = 3.0 Hz, H3),
4.09 (1H, d, Js4 = 3.0 Hz, H4), 491 (1H, d, HI), 5.93 (IH, m,
allyl); BCNMR (CDCls, 75 MHz) 6 = 63.1 (C6), 69.1 (C5), 69.3
(C4), 75.6 (C2), 77.3 (C3), 96.3 (C1), 118.1, 133.8 (allyD).

Found: C, 68.31; H, 7.12%. Calcd for C23H2:305: C, 68.98; H,
7.05%.

Allyl 2,3-Di-O-benzyl-6-O-p-tosyl-a-D-galactopyranoside (13).
To a solution of 12 (540 mg, 1.3 mmol) in pyridine (3.3 ml) was
added TsCl (510 mg, 2.7 mmol) under stirring at 0 °C.  After
the mixture was stirred overnight at room temp, MeOH (0.5 ml)
was added. Concentration and chromatography with TE system
afforded 13 (680 mg, 91%), [a]p +51 (c 0.50, CHCL3) (lit,"* [a]o
+69.5 (¢ 1.0, CHCL3)); 'HNMR (CDCl3, 300 MHz) & = 2.40 (3H,
t,/ = 1.2 Hz, OH4), 2.45 (3H, s, Ts), 3.78 (1H, dd, J,» = 3.5 Hz,
Jo3 =9.5 Hz, H2), 3.89 (1H, dd, J:4 = 3.5 Hz, H3), 3.98 (1H,
dd, J4s = 1.2 Hz, H4), 4.02 (1H, ddd, Js¢, = 7.0 Hz, J1 6o = 5.0
Hz, HS), 4.16 (1H, dd, Jeasv = 10.0 Hz, H6a), 4.23 (1H, dd, H6b),
4.81 (1H, d, H1), 5.92 (1H, m, allyl); *C NMR (CDCl;, 75 MHz)
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0 = 21.6 (Ts), 67.4 (C4), 67.5 (C5), 69.0 (C6), 75.5 (C2), 77.1
(C3),96.0 (C1), 118.3, 133.5 (allyl).

Found: C, 64.52 ; H, 6.15%. Calcd for C30H3404S: C, 64.96 ;
H, 6.18%.

Allyl 2,3-Di-0O-benzyl-6-deoxy- a-D-galactopyranoside (4).
To a solution of 13 (5.413 g, 9.8 mmol) in Et;O (130 ml), LAH
(1.486 g, 39 mmol) was added portionwise. After refluxing for 20
min, a mixture was cooled in an ice bath. After the dilution with
added toluene (65 ml), AcOEt (15 ml) was added dropwise under
stirring. Concentration and chromatography with TE system gave
4(3.48 g, 93%), [alp +68 (¢ 1.0, CHCLy) (iit,"* [alp +47.1 (¢ 1.7,
CHCl3)); 'THNMR (CDCls, 300 MHz) 8 = 1.26 (3H, d, Js6 = 6.5
Hz, H6), 2.45 (1H, br, OH4), 3.83 (1H,dd, J,» = 3.5Hz, />3 = 10.0
Hz, H2), 3.83 (1H, dd, J34 = 3.0 Hz, J4+5 = 1.0 Hz, H4), 3.91 (I1H,
dd, H3), 3.94 (1H, dq, H5), 4.82 (1H, d, H1), 5.93 (1H, m, allyl);
BCNMR (CDCl;, 75 MHz) § = 16.1 (C6), 65.2 (C5), 70.3 (C4),
75.5(C2), 77.9 (C3), 96.1 (C1), 117.8, 134.0 (allyl).

Found: C, 71.56 ; H, 7.27%. Calcd for C23H05:C, 71.85 ; H,
7.34%.

Methyl 2,3,4-Tri-O-benzyl-6-bromo-6-deoxy- a-p-galactopy-
ranoside (15).  To a solution of 14 (2.2 g, 4.7 mmol) in pyridine
(20 ml) and PhsP (2.4 g, 9.2 mmol) was added CBr4 (1.6 g, 4.8
mmol) under stirring at 0 °C. After stirring overnight at 65 °C,
MeOH (40 ml) was added and the mixture was stirred for a while.
Concentration and chromatography with TE system afforded 15
(2.5 g, 100%), [alp +21 (¢ 0.57, CHCly) (i, [a]p +27.1 (c 1.8,
CHC15)); '"HNMR (CDCls, 300 MHz) & = 3.30 (1H, dd, Js 6. = 7.0
Hz, Jeasvr = 10.0 Hz, H6a), 3.39 (1H, dd, Jse = 7.0 Hz, H6b),
3.40 (3H, s, Me), 3.88 (1H, dt, Js5 = 1.0 Hz, H5), 3.95 (1H, dd,
J23 = 10.0 Hz, J34 = 2.5 Hz, H3),4.02 (1H, dd, H4), 4.03 (1H, dd,
Ji2 = 3.5 Hz, H2), 4.66 (1H, d, H1); *C NMR (CDCl;, 75 MHz)
6 = 30.7 (C6), 55.6 (Me), 70.8 (C5), 75.3 (C4), 76.2 (C2), 79.0
(C3), 989 (Cl).

Found: C, 63.59; H, 5.97%. Calcd for Co3H3BrOs: C, 63.76;
H, 5.92%.

Methy! 2,3,4-Tri-O-benzyl-6-deoxy- a-D-galactopyranoside
(16). A solution of 15 (1.456 g, 2.8 mmol) in PhMe (127 ml)
containing Bu;SnH (4.52 ml, 17 mmol) was stirred for 5 min under
N; at 95 °C. To this, AIBN (164 mg, | mmol) was added in one
portion and the mixture was stirred for 30 min at 95 °C. The
reaction mixture was concentrated and chromatographed with TE
system to yield 16 (1.21 g, 98%), [a]p +21 (¢ 1.0, CHCl3) (lit,* for
the L-enantiomer, [a]p —20 (¢ 1.02, CHCl,)); '"THNMR (CDCl;,
300 MHz) 8 = 1.12 (3H, d, Js6 = 6.5 Hz, H6), 3.36 (3H, s, Me),
3.64 (1H, dd, Js¢ = 2.8 Hz, J4+5 = 1.0 Hz, H4), 3.83 (1H, dq, H5),
3.93 (1H, dd, J.3 = 10.0 Hz, H3), 4.04 (1H, dd, Ji» = 3.5, H2),
4.65 (1H, d, H1); "CNMR (CDCls, 75 MHz) 8 = 16.6 (C6), 55.3
(Me), 66.1 (C5), 76.4 (C2), 77.9 (C4), 79.4 (C3), 98.8 (C1).

Found: C, 74.65; H, 7.19%. Calcd for Co3H3;05: C, 74.98; H,
7.19%.

2,3,4-Tri-O-benzyl-6-deoxy- a-p-galactopyranose (5). A
mixture of 15 (490 mg, 1.1 mmol), AcOH (6.6 ml), H;O (0.049
ml), and dil H,SO4 (3M, 0.069 ml) was stirred for 30 min at 88
°C. After the slow addition of NaHCO3 (460 mg), the mixture was
concentrated and chromatographed with TE system to give 5 (230
mg, 48%), mp 82—=84 °C, [alp +30 (¢ 0.62, CHClL) (lit,"” mp
94.5—-95.6 °C, [alp +24.0 (¢ 1.0, CHCl3)); '"HNMR (CDCls, 300
MHz) (71%a) & = 1.15(d, Js, = 6.5 Hz, H6ax), 1.21 (d, J56 = 6.2
Hz, H6f), 3.00 (br, OHa), 3.29 (br d, J, ou = 7.2 Hz, OHB), 3.54
(dq, Jas = 1.0Hz,H5), 3.55(qt, Jo5 = 9.5 Hz,J34 = 3.0 Hz, H35),
3.59 (dd, H4p), 3.68 (dd, J34 = 3.0 Hz, J45 = 1.0 Hz, H4a), 3.75
(dd, Ji2 = 7.2 Hz, H28), 3.91 (1H, dd, J,3 = 9.5 Hz, J34 = 3.0
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Hz, H3a), 4.05 (dd, J,> = 3.5 Hz, H2a), 4.11 (dq, HSa), 4.62 (t,
H1B); "CNMR (CDChL, 75 MHz) 8 = 16.7 (C6a), 16.9 (C6f),
66.7 (C5a), 76.4 (C43), 76.5 (C2ar), 77.3 (Cd ), 79.1 (C3ax), 80.7
(C2/3), 82.5(C34),91.8 (Cla), 97.7 (C1). The 'H and "*C NMR
spectra of 5 were identical with those of the L-enantiomer of 5,
prepared via the known method® from L-fucose.

Found: C, 73.86; H, 6.89%. Calcd for C,7H3Os: C, 74.63 ; H,
6.96%.

Benzyl 0-(4,6-O-Benzylidene- ¢-D-glucopyranosyl)-(1—4)-6-
O-trityl-f-p-glucopyranoside (27). A mixture of benzyl O-a-
D-glucopyranosyl-(1—4)-f -p-glucopyranoside’® (3.9 g, 9.0 mmol),
DMF (35 ml), benzaldehyde dimethy! acetal (3.9 mg, 26 mmol),
and TsOH-H,0 (0.39 g, 2.1 mmol) was kept stirring for 4 d at room
temp. Work-up and chromatography with CM system as described
above afforded the acetal 26,” which was then reacted with TrCl (3.2
g, 11.5 mmol) in pyridine (23 ml) under stirring overnight at 78 °C.
After the addition of TEA (23 ml), the mixture was concentrated
and chromatographed with CM system to give 27 (5.5 g, 80%), [a]p
+30 (¢ 2.9, CHCl3); "HNMR (CDCls, 300 MHz) & = 3.77 (1H, t,
Jos = Jza = 9.5 Hz, H3Y), 4.34 (1H, d, J1» = 7.5 Hz, H1"), 4.85
(1H, d, Ji2 = 3.5 Hz, HI"%), 5.66 (1H, s, benzylidene); '*C NMR
(CDCl3, 75 MHz) & = 63.1 (C6"), 63.4 (C5"), 68.6 (C6"), 70.3
(benzyl), 70.8 (C3"), 73.5 (C5' and C2"), 74.4 (C4"), 76.3 (C2"),
80.6 (C4™), 81.2 (C3"), 86.7 (Tr), 100.7 (C1"), 101.7 (C1").

Found: C, 69.97; H, 6.24%. Calcd for C4sH460;-0.5H,0: C,
70.02; H, 6.14%.

Benzyl 0-(2,3-Di-0-benzy- a-b-glucopyranosyl)-(1—4)-2,3-
di-O-benzyl-f-p-glucopyranosides (28). To a solution of 27 (5.5
g, 7.2 mmol) in DMF (600 ml) containing PhCH;Br (16 ml, 135
mmol) was added NaH (ca. 60% in oil, 2.5 g, 63 mmol) portionwise
under stirring at 0 °C. After stirring for 2.4 h at room temp, MeOH
(18 ml) was added dropwise under stirring at 0 °C. The mixture
was diluted with PhMe (300 ml) and H,O (200 ml). The aqueous
layer was extracted with PhMe (200 ml and 100 m}) and the organic
layer was washed four times with H,O (100 ml), concentrated and
chromatographed with HE system to give the benzyl derivative of
27. This was treated with aq AcOH (80%, 110 ml) at 93 °C for
2 h. Concentration and chromatography with TE system gave 28
(> 5.6g > 98%), [alp +11 (c 0.72, CHCl3); '"HNMR (CDCl;,
300 MHz) & = 3.44 (1H, t, J34 = Jas = 9.0 Hz, H4"), 3.44 (1H,
dd, J12 = 3.5 Hz, Jo3 = 9.5 Hz, H2"), 3.56 (1H, dd, J,» = 7.5 Hz,
J23 = 9.0 Hz, H2"), 3.74 (1H, t, H3"), 3.83 (1H, t, J34 = 9.0 Hz,
H3"Y, 4.13 (1H, t, Jos = 9.0 Hz, H4"), 4.66 (1H, d, H1"), 5.74 (1H,
d, H1"); "CNMR (CDCl;, 75 MHz) 8 = 61.4 (C6"), 62.5 (C6"),
70.7 (C4%), 71.4 (C4Y), 72.6 (C5"), 74.6 (CS"), 78.9 (C2"), 813
(C3M), 82.2 (C2"), 84.7 (C3"), 96.6 (C1"), 102.5 (C1Y),

Found: C, 70.59 ; H, 6.63%. Calcd for C47H5,0,,-0.5H;0: C,
70.39 ; H, 6.66%.

Benzyl 0-(2,3-Di-0O-benzy-6-0-tosyl- a-D-glucopyranosyl)-
(1—4)-2,3-di-0-benzyl-6-O-tosyl- - D-glucopyranosides (29).
To a solution of 28 (180 mg, 0.23 mmol) in pyridine (1.3 ml) was
added TsClI (150 mg, 0.78 mmol) under stirring at 0 °C. After this
mixture was stirred overnight at room temp, MeOH (0.15 ml) was
added to the mixture; this was stirred for a while. Concentration
and chromatography with TE system afforded 29 (230 mg, 92%),
[alp +21 (¢ 1.5, CHCl3); 'HNMR (CDCl, 300 MHz) 6 = 2.38
(3H, s, Ts), 2.42 (3H, s, Ts), 2.41 (1H, d, Json = 4.0 Hz, OH4™),
337 (1H, dd, J,» = 3.5 Hz, J,3 = 9.5 Hz, H2"), 3.44 (1H, dd,
Ji2 =15Hz, Jo3 = 8.5 Hz, H2"), 3.52 (1H, dt, J34 = Jas = 9.5
Hz, H4"), 3.58 (1H, ddd, Jas5 = 9.0 Hz, Js 6, = 2.5 Hz, Jsep = 4.5
Hz, H5'), 3.70 (1H, t, J34 = 8.5 Hz, H3"), 3.71 (1H, t, H3"), 3.72
(1H, ddd, Js¢, = 3.0 Hz, Jsen = 2.5 Hz, H5"), 3.80 (1H, dd, H4"),
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425 (1H, dd, Jesss = 11.0 Hz, H6a'), 427 (1H, dd, H6b'), 4.30
(1H, dd, Jeaer = 11.0 Hz, Hoa"), 4.33 (1H, dd, Heb"), 445 (1H,
d, H1"), 5.49 (1H, d, H1"); "CNMR (CDCl3, 75 MHz) 6 = 21.6
(Ts), 68.7 (C6Y), 69.1 (C6™M), 69.3 (C4™), 70.5(C5™), 72.3(C5"), 73.2
(C4Y), 78.5 (C2M), 80.7 (C3"), 81.6 (C2"), 84.0 (C3"), 96.8 (C1"),
101.7 (C1Y.

Found: C, 66.68 ; H, 5.99%. Calcd for C¢1HeaO)5S;2: C, 66.53 ;
H, 5.86%.

Benzyl O-(2,3-Di-0-benzy-6-deoxy- a-D-glucopyranosyl)-
(1—4)-2,3-di-0-benzyl-6-deoxy-f-D-glucopyranosides (6). To
a solution of 29 (52 mg, 0.047 mmol), LAH (7.3 mg, 0.19 mmol)
was added. After reflux for 30 min at 50 °C, the mixture was
cooled in ice bath, followed by the addition of PhMe (1.3 ml) and
AcOEt (0.2 ml). Concentration and chromatography with TE sys-
tem gave 6 (25 mg, 70%), [alp +8.6 (¢ 1.9, CHCl3); '"HNMR
(CDCl3, 300 MHz) & = 1.26 (3H. d, Js6 = 6.5 Hz, HE"), 1.43 (3H,
d,Jss = 6.0 Hz, H6", 2.20 (1H, d, Json = 1.5 Hz, OH4"), 3.17 (1H,
dt,Jsa = Jss =9.5Hz, H4"),3.45 (1H, dd, J1» = 3.5 Hz, 23 = 9.5
Hz, H2"),3.57 (1H, dd, J, » = 8.0Hz, J»3 = 8.5 Hz, H2"), 3.56 (1H,
dq, Jas = 8.5 Hz, H5"), 3.67 (1H, t, J34 = 8.5 Hz, H4"), 3.70 (1H, t,
H3"), 3,78 (1H, t, H3"), 3.80 (1H, dq, H5"), 4.55 (1H, d, H1"), 5.66
(1H, d, H1"); “CNMR (CDCl3, 75 MHz) 6 = 17.6 (C6"), 19.1
(C6'), 67.8 (C5"), 70.8 (C5'), 75.3 (C4"), 77.4 (C4"), 79.5(C2"),
81.2 (C3M), 82.6 (C2"), 84.7 (C3"), 96.4 (C1"), 102.2 (C1").

Found: C, 73.38 ; H, 6.89%. Calcd for C47Hs20s: C, 74.19 ; H,
6.89%.

This was synthesized alternatively from 22a as follows: A mix-
ture of 22a (33 mg, 0.041 mmol), NaOAc (19 mg, 0.23 mmol), and
PdCl (10 mg, 0.056 mmol) in ag AcOH (95%, 1.3 ml) was stirred
overnight at room temp. After the addition of allyl alcohol (0.2
ml), the mixture was concentrated and chromatographed with TK
system to afford 6 (26.3 mg, 84%).

General Procedure for Glycosylation.  a) Glycosylation in
the presence of a ternary mixture of NST® (Table 1). To a rubber-
stoppered vessel containing a mixture of an acceptor, a donor, NsCl,
AgOTt, and CH>Cl,, TEA was injected under stirring at —60 °C
(bath temp). The bath temp was allowed to rise (ca. 0.3 °C min~ 1
to 0 °C, at which temperature the mixture was well stirred for 18
h. After the dilution with PhMe (about 6 times vol of the solvent),
NaHCOj; (the same wt of AgOTf) was added to the reaction mixture;
this was stirred for 15 min and then chromatographed with TK
system. Traces of any nitrogenous compounds in the condensates
were removed by rechromatography on silica gel with HE system.
The anomeric separations of the condensates were preformed using
the solvent specified in each case below. b) Glycosylation in the
presence of a quaternary mixture of NSDT* (Table 1). To a mixture
of an acceptor, donor, NsCl, AgOTf, and CH.Cl;, DMA and then
TEA were successively added at —60 °C (bath temp). After that,
the reaction and work-up were conducted in the same manner as
described above for the NST system.

Methyl 0-(2,3,4-Tri-O-benzyl-6-deoxy-a- and - -D-glucopy-
ranosyl)-(1—4)-2,3,6-tri-O-benzyl- #-D-glucopyranosides (20a
and 20b). 20a: Ry 0.56 (HE 2: 1), [a]p +24 (¢ 0.35, CHCl3);
"HNMR (CDCl3, 300 MHz) 6 = 1.18 (3H, d, Js = 6.0 Hz, H6"),
32 (1H, t, J34 = Jus = 9.0 Hz, H4"), 3.46 (1H, dd, J, > = 3.5 Hz,
Jr3 = 9.5 Hz, H2"), 3.52 (1H, dd, Ji» = 7.5 Hz, J.; = 8.5 Hz,
H2", 3.598 (3H, 5, Me), 3.604 (1H. dt, J45s = 9.0 Hz, J54 = 3.5 Hz,
H5'), 3.80 (1H, dq, Jus = 9.0 Hz, Js, = 6.0 Hz, H5"), 3.81 (1H, ¢,
Jz4 = 8.5 Hz, H3'), 3.815 (1H, dd, Js1 65 = 10.0 Hz, H6a"), 3.823
(1H, dd, H6b"), 3.90 (1H, dd, H3"), 4.05 (1H, dd, H4'), 4.37 (1H, d,
Ji2 =7.5Hz, H1"), 5.57 (1H, d, H1"); "CNMR (CDCl3, 75 MHz)
S = 17.9(C6"), 56.9 (Me), 67.5 (C5™), 69.1 (C6"), 72.8(C4"), 74.5
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(€C5h, 79.7 (C2M), 81.7 (C3Y), 82.2 (C2Y, 83.9 (C4™), 84.7 (C3"),
96.3 (C1"), 104.5 (C1Y).

20b: Ry 0.59 (HE 2: 1), [alp +25 (¢ 0.47, CHCls); '"HNMR
(CDCls, 300 MHz) 6 = 1.22 (3H, d, Js6 = 6.0 Hz, H6™M), 3.15 (1H,
t, 34 = Jas = 9.0 Hz, H4"), 3.25 (1H, dq, H5"), 3.36 (1H, dd,
Ji» = 7.5 Hz, J,3 = 9.0 Hz, H2'), 3.37 (1H, ddd, J.5 = 9.0 Hz,
Jsea = 1.5 Hz, Jse = 4.0 Hz, H5"), 3.43 (1H, dd, Ji2 = 7.5 Hz,
Jo3 = 9.0 Hz, H2M), 3.51 (1H, t, H3"), 3.565 (3H, s, Me), 3.573
(1H, dd, J34 = 9.5 Hz, H3"), 3.73 (1H, dd, Jeaer = 11.0 Hz, H6a'),
3.85 (1H, dd, H6bY), 4.02 (1H, dd, H4"), 4.30 (1H, d, H1"), 4.50
(1H, d, HI"); PCNMR (CDCls, 75 MHz) 6 = 17.9 (C6"), 57.0
(Me), 68.1 (C6", 71.1 (C5™), 75.2 (C5"), 76.5 (C4Y, 81.7 (C2"),
82.9 (C3h), 83.1 (C2M), 83.7 (C4"), 84.7 (C3™M), 102.2 (C1"), 104.7
(C1h.

Found: 20a, C, 74.98 ; H, 6.91%. 20b, C, 74.87 ; H, 6.84%.
Calcd for CssHeyOro: C, 74.98 3 H, 6.86%.

Methyl 0-(2,3,4-Tri-O-benzyl-6-deoxy-a- and -f-D-glucopy-
ranosyl)-(1—6)-2,3,4-tri-0-benzyl- § -D-glucopyranosides (21a
and 21b).  21a:  R; 0.61 (HE 2: 1), mp 138—140 °C, [alp
+43 (¢ 0.36, CHCI3); 'HNMR (CDCls, 300 MHz) é = 1.24 (3H.
d, Js¢ = 6.5 Hz, HO"), 3.13 (1H, t, J34 = Jus5 = 9.0 Hz, H4"), 3.50
(14, dt, J4s5 = 9.0 Hz, Js6a = Jse» = 1.5 Hz, H5"), 3.546 (1H, dd,
Jis = 3.5 Hz, o3 = 9.0 Hz, H2"), 3.553 (3H, s, Me), 3.68 (1H,
dd, Jo5 = 8.5 Hz, J34 = 9.0 Hz, H3"), 3.70 (1H, t, J45 = 9.0 Hz,
H4"Y, 3.86 (1H, dg, H5"), 3.97 (1H, t, H3"), 432 (1H, d, J;> = 8.0
Hz, H1"), 4.96 (1H, d, HI"); ""CNMR (CDCl;, 75 MHz) § = 18.0
(C6"), 56.9 (Me), 65.8 (C6"), 66.7 (C5M), 74.8 (C35"), 77.8 (C4"),
80.4 (C2M), 81.4 (C3™), 82.4 (C2"), 83.9 (C4"M), 84.6 (C3h), 96.9
(C1M), 104.6 (C1Y).

21b: Ry 0.68 (HE2: 1), mp 126—128 °C, [a]p +18 (¢ 0.28,
CHCly); '"HNMR (CDCls, 300 MHz) 6 = 1.32 (3H, d, Js, = 6.0
Hz, H6"M), 3.21 (1H, t, Js4 = Jus = 9.0 Hz, H4"), 3.39 (1H, dq,
H5"), 3.42 (1H, dd, J15 = 7.5 Hz, Jo3 = 9.0 Hz, H2"), 3.46 (3H, s,
Me), 3.47 (1H, dd, J1» = 7.5 Hz, J3 = 9.0 Hz, H2"), 3.57 (1H, t,
H3™), 3.59 (1H, ddd, Js5s = 9.0 Hz, Jsc. = 1.5 Hz, Jsg = 6.5 Hz,
HS",3.67 (1H. t, Ja4 = 9.0 Hz, H3"), 3.69 (1H, dd, Jeuer = 11.0 Hz,
Hé6a'), 3.84 (1H, t, H4"), 4.20 (1H, dd, H6bY), 4.27 (1H, d, H1Y), 4.47
(14, d, HIM); CNMR (CDCl;, 75 MHz) 6 = 17.9 (C6"), 57.0
(Me), 68.6 (C6"), 71.1 (C5™"), 75.0 (C5Y, 78.3 (C2Y, 82.3 (C2M),
82.4 (C3Y, 83.4 (C4M), 84.5 (C4Y), 84.6 (C3M), 103.6 (C1™), 104.6
(Cth.

Found: 21a, C, 74.74 ; H, 6.93%. 21b, C, 74.98 ; H, 6.86%.
Calcd for C55Hf,()01()1 C, 74 .98 N H, 6.86%.

Benzyl 0-(4-0-Allyl-2,3-di-O-benzyl-6-deoxy-a- and -f-D-
glucopyranosyl)-(1—4)-2,3-di-O-benzyl-6-deoxy-f -D-glucopy-
ranosides (22a and 22b). 22a: Ry 0.59 (TK 10: 1), [a)b
432 (¢ 0.33, CHCl3); 'HNMR (CDCls, 300 MHz) 6 = 1.27 (3H,
d, Jse = 6.5 Hz,H6™), 1.43 (3H, d, Js6 = 6.0 Hz, H6'"), 2.99 (1H,
dd, J54 = 9.0 Hz, J54 = 9.5 Hz, H4"), 3.42 (1H, dd, J1, = 4.0 Hz,
J>3 = 10.0 Hz, H2"), 3.551 (1H, dd, J; 2 = 4.0 Hz, Jo5 = 10.0 Hz,
H2"), 3.551 (1H, dq, J45 = 9.0 Hz, H5"), 3.65 (1H, t, J34 = 9.0 Hz,
H4", 3.76 (1H, dd, H3"), 3.83 (1H, dd, H3"), 3.84 (1H, dq, H5"),
447 (1H, d, H1"), 5.61 (1H, d, H1"), 5.92 (1H, m, allyl); *CNMR
(CDCls, 75 MHz) 6 = 17.7 (C6M), 19.1 (C6Y), 67.4 (C5Y), 70.8
(C5Y), 77.8 (C4YH, 79.6 (C2"), 81.7 (C3M), 82.7 (C2Y), 83.7 (C4"),
84.7 (C3",96.6 (C1"), 102.2 (C1Y), 117.1, 134.9 (allyl).

22b: R/ 0.53(TK 10: 1), [a]p +2.6 (¢ 0.23, CHCl;); '"HNMR
(CDCls, 300 MHz) 6 = 1.22 (3H, d, J5 = 6.0 Hz, H6"), 1.41 (3H,
d, Jse = 6.0 Hz, H6"), 3.40 (1H, , J3.4 = J45 = 9.0 Hz, H4"), 3.29
(1H, dgq, H5"), 3.37 (1H,dd, J,2 = 7.5 Hz, J3 = 9.0 Hz, H2"), 3.38
(1H, dq, J4s = 8.5 Hz, H5"), 3.51 (1H, dd., J» = 7.0Hz, J,1 = 8.0
Hz, H2Y, 3.53 (1H, dd, J54 = 9.5 Hz, H4"), 3.547 (1H, t, H3"),
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3.549 (1H, dd, H3"), 4.50 (1H, d, H1"), 4.57 (1H, d, HI"); *C NMR
(CDCls, 75 MHz) 6 = 17.9 (C6"), 18.1 (C6", 71.2 (C5"), 71.6
(C5h, 82.1 (C2"), 82.6 (C4"), 82.9 (C3h, 83.1 (C2"), 83.5 (C4™M),
84.7 (C3"), 102.3 (C1Y), 102.9 (C1™), 117.0, 134.8 (allyl).

Found: 22a, C, 74.87 ; H, 7.10%. 22b, C, 74.71 ; H, 7.02%.
Calcd for CsgHs6Oy: C, 74.98 ; H, 7.05%.

Methyl 0-(2,3,4-Tri-O-benzyl-6-deoxy-a- and - -D-galacto-
pyranosyl)-(1—4)-2,3,6-tri-O-benzyl-f -D-glucopyranosides (23a
and23b). 23a: R, 039 (TK 10: 1), [a]b +29 (c 0.5, CHCl3);
"HNMR (CDCls, 300 MHz) 6 = 0.98 (3H, d, Js¢ = 6.5 Hz, H6"),
3.44 (1H, dd, J,»> = 8.0 Hz, J,3 = 9.0 Hz, H2Y), 3.52 (1H, dd,
J3s = 2.5 Hz, Jys = 1.0 Hz, H4"), 3.58 (3H, s, Me), 3.68 (1H, dg,
H5"), 3.76 (1H, t, J34 = 9.0 Hz, H3"), 3.77 (1H, dd, J»3 = 10.5
Hz, H3"), 3.88 (1H, t, J45 = 9.0 Hz, H4"), 3.97 (1H, dd, J,, = 4.0
Hz, H2"), 4.33 (1H, d, H1", 5.66 (1H, d, H1"); *CNMR (CDCls,
75 MHz) 8 = 16.7 (C6™), 56.9 (Me), 67.0 (C5%), 69.6 (C6"), 72.8
(C4h, 74.5 (C3Y, 75.5 (C2M), 77.1 (C4M), 79.5 (C3"), 82.4 (C2Y,
84.7 (C3h, 97.3 (C1Y), 104.4 (C1Y).

23b: Ry 038 (TK 10: 1), [a]p +17 (¢ 0.2, CHCL:); '"HNMR
(CDCl3, 300 MHz) & = 1.10 (3H, d, J5¢ = 6.5 Hz, H6"), 3.21 (1H,
dq, J4s = 1.0 Hz, H5"), 3.38 (1H, dd, Jo3 = 9.5 Hz, J34 = 3.0 Hz,
H3"), 3.40 (1H, ddd, J45 = 8.5 Hz, Jsg, = 2.0 Hz, Js ¢, = 4.0 Hz,
H5", 3.41 (1H,dd, J, » = 8.0 Hz, Jo3 = 9.0 Hz, H2'), 3.50 (1H, dd,
H4™), 3.57 (3H, s, Me), 3.59 (1H, t, J34 = 9.0 Hz, H3"), 3.73 (1H,
dd, J;, = 8.0 Hz, H2"), 3.77 (1H, dd, Je.» = 11.5 Hz, H6a"), 3.81
(1H, dd, H6b"), 3.97 (1H, dd, H4", 4.29 (1H, d, H1"), 4.43 (1H, d,
H1"); BCNMR (CDCl;, 75 MHz) 6 = 16.9 (C6™), 57.0 (Me), 68.5
(C6YH, 70.3 (€5, 75.2(C3YH, 76.5 (C4Y, 76.8 (C4™), 79.9 (C21),
81.9 (C2", 82.9 (C3"), 83.1 (C3"), 102.6 (C1M), 104.6 (C1Y).

Found: 23a, C, 74.87 ; H, 6.85%. 23b, C, 74.76 ; H, 6.86%.
Calcd for CssHegpO19: C, 74.98 ; H, 6.86%.

Methyl 0-(2,3,4-Tri-O-benzyl-6-deoxy-a- and -f-D-galacto-
pyranosyl)-(1—6)-2,3,4-tri-O-benzyl-f -D-glucopyranosides (24a
and 24b).  24a:  R; 0.54 (HE 2:1), mp 126—128 °C, [alp
+42 (¢ 0.72, CHClz); '"HNMR (CDCl;, 300 MHz) 6 = 1.09 (3H,
d, Jse = 6.5 Hz, H6"), 3.32 (1H, dd, J,, = 7.5 Hz, J»5 = 8.5 Hz,
H2Y, 3.49 (3H, s, Me), 3.58 (1H, dd, J34 = 2.5 Hz, Js5 = 1.0 Hz,
H4", 3.87 (1H, dq, H5"), 3.91 (1H, dd, J.» = 10.0 Hz, H3"), 4.04
(1H, dd, J,, = 3.5 Hz, H2"), 4.28 (1H, d, H1", 5.00 (1H, d, H1");
BCNMR (CDCl3, 75 MHz) 6 = 16.7 (C6Y), 56.7 (Me), 66.3 (C5"
and C6"), 74.7 (C5'), 76.6 (C2"), 78.1 (C4! and C4™), 78.6 (C3M),
82.4 (C2Y, 84.6 (C3"), 97.9 (C1M), 104.5 (C1Y).

24b: Ry 0.50 (HE 2: 1), mp 139—140 °C, [a]p +2.2 (¢ 1.0,
CHCl3); "HNMR (CDCl3, 300MHz) 6 = 1.19(3H, d, J56 = 6.5 Hz,
H6™), 3.398 (1H, dd, J3.4 = 8.5 Hz, J45 = 10.0 Hz, H4Y), 3.399 (1H,
dd, Ji» = 7.5 Hz, J»3 = 8.5 Hz, H2"), 3.42 (3H, 5, Me), 3.43 (1H,
dq, Jus = 1.0 Hz, H5"), 3.48 (1H, dd, J,3 = 9.5 Hz, J34 = 3.0 Hz,
H3™), 3.56 (1H, dd, H4™), 3.60 (1H, ddd, Jse. = 7.0 Hz, Js¢, = 1.0
Hz, H5"), 3.66 (1H, t, H3"), 3.67 (1H, dd, Jewe» = 11.0 Hz, H6a"),
3.84 (1H, dd, J,» = 7.5 Hz, H2"), 4.23 (1H, dd, H6b"), 4.25 (1H,
d, H1Y, 4.42 (1H, d, H1"); ®*CNMR (CDCls, 75 MHz) é = 16.8
(C6Y, 57.1(Me), 68.4 (C6", 70.3 (C5"M), 75.2 (C5Y), 76.4 (C4M),
78.6 (C4hH, 79.3 (C2"), 82.4 (C2'), 82.5 (C3M), 84.7 (C3h, 104.1
(C1Y, 104.5 (C1Y.

Found: 24a, C, 74.64 ; H, 6.97%. 24b, C, 74.83 ; H, 6.75%.
Calcd for C55H600|02 C, 74.98 N H, 6.86%.

Allyl 0-(2,3,4-Tri-O-benzyl-6-deoxy- a- and - f-D-galacto-
pyranosyl)-(1—4)-2,3-di-O-benzyl-6-deoxy- a-D-galactopyran-
osides (25aand 25b). 25a: R 0.60(TK 10: 1), [a]p +88 (c 1.4,
CHCl3); '"HNMR (CDCls, 300 MHz) 6 = 0.91 (3H, d, Js¢ = 6.5
Hz, H6"), 1.28 (3H, d, J54 = 6.5 Hz, H6'), 3.62 (1H, dd, J34 = 2.5
Hz, Jus = 1.0 Hz, H4"), 3.80 (1H, d, J34 = 2.0 Hz, J;5 = 0 Hz,
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H4'), 3.865 (1H, q, H5Y), 3.866 (1H, dd, />3 = 10.0 Hz, H3"), 3.92
(1H, dd, J,2 = 3.0 Hz, H2"), 3.95 (1H, dd, />3 = 10.0 Hz, H3"),
4.09 (1H, dd, J,, = 3.5 Hz, H2"), 4.26 (1H, dq, H5"), 4.93 (IH,
d, HIM), 4.94 (1H, d, H1"), 5.94 (1H, m, allyl); "*C NMR (CDCl;,
75 MHz) 8 = 16.4 (C6Y), 16.5 (C6"), 66.9 (C5! and C5"), 68.2
(allyl), 75.3 (C2Y), 76.5 (C2"), 77.6 (C3"), 78.0 (C4"), 78.6 (C4"),
79.4 (C3"), 96.1 (C1Y), 100.0 (C1M), 117.7, 134.2 (allyl).

25b:  R; 0.56 (TK 10: 1), [a]p +41 (¢ 0.90, CHCl3); 'HNMR
(CDCl3, 300 MHz) 6 = 1.15 (3H, d, Js = 6.0 Hz, H6"), 1.26 (3H,
d, Jss = 6.5 Hz, H6'), 3.33 (1H, dq, J4s = 1.0 Hz, H5"), 3.47 (1H,
dd, Jo3 = 9.5 Hz, J34 = 3.0 Hz, H3"), 3.51 (1H, dd, H4"), 3.81 (1H,
dd, /13 = 7.5 Hz, H2"), 3.96 (1H, dq, J4 5 = 1.0 Hz, H5"), 4.10 (1H,
d, Js4 = 0 Hz, H4'), 4.82 (1H, d, J,, = 1.5 Hz, H1"), 4.88 (1H, d,
H1Y), 5.93 (1H, m, allyl); *CNMR (CDCl3;, 75 MHz) 6 = 16.8
(C6"), 16.9 (C6"), 66.4 (C5Y), 68.2 (allyl), 70.1 (C5"), 74.5 (C4"),
76.9 (C2' and C4™), 79.1 (C3"), 79.8 (C2™), 82.3 (C3M), 96.4 (C1"),
102.9 (C1"), 117.7, 134.2 (allyl).

Found: 25a, C, 74.94 ; H, 7.07%. 25b, C, 74.81 ; H, 6.98%.
Calcd for CsoHssQo: C, 74.98; H, 7.05%.

Benzyl 0-(234-Tri-O-benzyl-6-deoxy-a-D-galactopyranosyl)-
(1—4)-0-2,3-di-0-benzyl-6-deoxy-a- and -f-D-galactopyran-
osyl-(1—4)-0-(2,3-di-O-benzyl-6-deoxy- «-b-glucopyranosyl)-
(1—4)-2,3-di-0-benzyl-6-deoxy-f -D-glucopyranosides (30a and
30b). 30a: R;0.34(HE3:1), [alp+88(c 1.4, CHCl:); 'HNMR
(CDCl3, 300 MHz) 6 = 0.82 (3H, d, Js6 = 6.5 Hz, H6'Y), 1.23 (3H,
d, Js¢ = 6.0 Hz, H6"), 1.26 (3H, d, J55 = 6.5 Hz, H6™), 1.45 (3H,
d, ./5_(, = 5.8 HZ, H6l), 3.47 (lH, dd, J1.2 = 3.8 HZ, .]2,3 = 95 HZ,
H2"), 3.54 (1H, dd, J34 = 2.8 Hz, Jus = 1.0 Hz, H4'Y), 3.546 (1H,
dq, Js5 = 8.5 Hz, H5"), 3.503 (1H, t, J34 = J45 = 9.0 Hz, H4"), 3.56
(1H,dd, J,, = 7.5Hz, Jo3 =9.0Hz, H2"), 3.63 (1H, t, J34 = 8.5 Hz,
H4'), 3.76 (1H, dd, H3"), 3.795 (1H, d, Jo3 = 7.0 Hz, J34 = 0 Hz,
H3™), 3.801 (1H, br s, H4™), 3.81 (1H, dd, J, , = 2.0 Hz, H2™), 3.85
(1H, dd, J>5 = 10.5 Hz, H3"), 3.92 (1H, dq, J4 5 = 1.0 Hz, HS™),
3.93 (1H, dq, H5Y), 3.95 (1H, dd, H3"), 4.05 (1H, dd, J,» = 3.5 Hz,
H2"), 4.07 (1H, dgq, H5"Y), 4.55 (1H, d, H1"), 4.88 (1H, d, HI'Y),
5.53 (1H, d, HI"Y), 5.64 (1H, d, H1"); '*CNMR (CDCl;s, 75 MHz)
S = 16.37(C6™M), 16.44 (C6'Y), 18.5 (C6M), 19.1 (C6"), 66.9 (C5'Y),
67.0 (C5M), 67.5 (C5™), 70.8 (C5"), 74.5 (C2™), 76.4 (C2™Y), 77.6
(C4™), 77.9 (C4'), 78.5 (C3™), 78.6 (C4' and C4"), 79.2 (C3VY),
79.7 (C2M, 81.3 (C3"), 82.6 (C2Y), 84.6 (C3"), 96.6 (C1"), 97.8
(C1™M), 100.2 (C1™), 1022 (C1YH.

Found: C, 74.94 ; H, 7.07%. Calcd for CosH;ppO17: C, 74.98 ;
H, 7.05%.

30b:  R; 031 (HE 3: 1), [a]p +44 (¢ 0.4, CHCL); '"HNMR
(CDCls, 300 MHz) 6 = 5.60 (1H, d, /1 ; = 4.0 Hz, H1"); P*CNMR
(CDCls, 75 MHz) 6 = 96.5 (C1"), 100.5 (C1"Y), 102.3 (C1"), 103.6
(C1"™), MS (FAB) m/z 1526 (M+Na)*.

0-(2,3,4-Tri-O-benzyl-6-deoxy-c-D-galactopyranosyl)-(1—4)-
2,3-di-0-benzyl-6-deoxy-f-D-galactopyranose (7). A mixture
of 25a (33 mg, 0.041 mmol), RhCl (PhsP); (5.1 mg, 0.006 mmol),
EtOH (2.1 ml), PhH (0.9 ml), and H,O (0.3 ml) was heated at reflux
(85 °C) overnight. After evaporation to dryness, the residue was
heated in Me,CO (3.8 ml) containing dil HCI (1 M, 0.11 ml, 1
M = 1 moldm™?) at 48 °C. After evaporation, chromatography
with TK system gave 7 (20 mg, 64%), [a]p +89 (¢ 1.1, CHCl3);
"HNMR (CDCl;, 300 MHz) (67%a) 6 = 0.94 (d, Js¢ = 6.5 Hz,
H6Y), 1.29 (d, Js4 = 6.5 Hz, H6'@), 1.34 (d, Js6 = 6.5 Hz, HE'B),
2.88(d, Jion = 1.5Hz, OHl' @), 3.42 (dd, Jo3 = 9.5Hz, J34 = 2.5
Hz, H3'8), 3.54 (dq, J4s = 1.0 Hz, H5'8), 3.59 (dd, J;2 = 7.0
Hz, H2'$), 3.64 (dd, Js4 = 2.5 Hz, Jys = 1.0 Hz, H4"), 3.68 (d,
Jiou = 8.0 Hz, OH1'B), 3.79 (dd, H4'B), 3.80 (dd, /25 = 9.5 Hz,
Jas = 2.5 Hz, H3'a), 3.82 (dd, J45 = 1.0 Hz, H4'«), 3.87 (dd,
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Ji» = 3.0 Hz, H2' ), 3.96 (dd, Joz = 10.0 Hz, H3"r), 4.01 (dd,
Jo3 = 10.0 Hz, H3"$), 4.05 (dq, H5'«@), 4.09 (dd, J,» = 3.5 Hz,
H2"@), 4.10 (dd, J,» = 10.0 Hz, H2"B), 4.25 (dq, H5" @), 4.28
(dgq, H5"3), 4.63 (dd, HI' ), 4.94 (d, H1" @), 4.97 (d, HI" ), 5.32
(1H, dd, HI'@); *CNMR (CDCl3, 75 MHz) 6 = 16.6 (C6' and
ey, 17.2 (C6'B), 66.96 (C5"a), 67.00 (C5"B), 67.4 (C5'ar), 71.3
(C5'6), 75.7 (C2'ar), 76.35 (C2"B), 76.40 (C2"x and C4'B), 77.2
(C4 @), 77.77 (C4" ), 77.84 (C4"B), 77.9 (C3' @), 79.1 (C3"B),
79.3 (C3" ), 80.4 (C2'B), 80.5 (C3'6), 91.6 (Cl'a), 97.6 (C1'B),
99.7 (C1"8), 100.0 (C1" ).

Found: C, 74.01 ; H, 6.94%. Calcd for C47Hs,09: C, 74.19 ; H,
6.89%.

O-(6-Deoxy- a-D-galactopyranosyl)- (1—4)- O- (6- deoxy- a-
D- galactopyranosyl- (1—4)- O- (6- deoxy- a-D- glucopyranosyl)-
(1—4)-6-deoxy-D-glucopyranose (1). Hydrogenation of 30a
(36 mg, 0.024 mmol) was carried out in AcOH (6 ml) containing
H>0 (0.03 ml) over Pd on C (10%, 41 mg) in a Parr-3911 hy-
drogenation apparatus (340 kPa of H,) at room temp overnight.
Chromatography with CM system gave 1 (11 mg, 76%), [a]p +206
(¢ 0.66, H,0); '"HNMR (D,0, 300 MHz) 29%a) & = 1.12 (d,
Jse=6.5Hz, H6™), 1.29(d, Js6 = 6.5 Hz, H6'@), 1.32(d, Js6 = 6.0
Hz, H6'B), 3.27 (dd, J,> = 7.8 Hz, J»3 = 9.5 Hz, H2'$), 3.31 (1,
Jig = Jis = 9.5 Hz, HA'@), 3.32 (t, Ja4 = Jus = 9.0 Hz, H4'B),
333 (t, J3a = Jaus = 9.5Hz, H4"), 3.57(dd, J,; =4.0Hz, J,3 = 9.5
Hz, H2'a), 3.618 (dd, /12 = 4.0 Hz, /23 = 9.5 Hz, H2"a), 3.622
(dg, H5'), 3.63 (dd, J,2 = 4.0 Hz, /o3 = 10.0 Hz, H2"$), 3.69
(t, H3'B), 3.79 (dd, J,» = 4.0 Hz, J»3 = 10.0 Hz, H2'"), 3.83 (1,
H3"), 3.85 (t, H3'@), 3.92 (dq, Js = 6.5 Hz, H5"), 3.97 (dq, H5' @),
4.17 (dq, Jas = 1.0 Hz, Jss = 6.5 Hz, H5"), 4.47 (dq, J4s = 1.0
Hz, H5™), 4.62 (d, H1'$), 4.95 (d, H1"), 5.16 (d, HI' ), 5.30 (d,
Hi"@), 5.31 (d, HI"$), 5.35 (I, d, J;» = 3.8 Hz, HI™).

Found: C, 44.16 ; H, 7.08%. Calcd for C24H4,0,7-3H.0: C,
43.90; H, 7.37%.

0-(6-Deoxy- a¢-D-glucopyranosyl)-(1—4)-6-deoxy-D-glucopy-
ranose (31). Similar hydrogenation of 6 (50 mg, 0.066 mmol)
in AcOH (6 ml) containing H,O (0.03 ml) over Pd on C (10%,
49 mg), followed by chromatography with CM system, gave 31
(15 mg, 74%), [alp +95 (¢ 0.17,H,0); 'HNMR (D-0, 300 MHz)
(29%a) 6 = 1.24 (d, Js¢ = 6.2 Hz, H6"), 1.27 (d, J54 = 6.0 Hz,
H6'a), 1.30 (d, J54 = 6.0 Hz, H6'B), 3.13 (1, J34 = Jas = 9.0 Hz,
H4" @), 3.14 (t. J34 = Jus = 9.0 Hz, HA" ), 3.28 (t, J3.4 = Ju5 = 9.5
Hz, H4'a), 3.30 (t, J34 = Jas = 9.0 Hz, H4'8), 3.54 (dd, J, 2 = 4.0
Hz, J:3 = 9.5 Hz, H2'@), 3.56 (dd, J,» = 3.5 Hz, J»5 = 9.0 Hz,
H2"@), 3.58 (dd, J,» = 3.5 Hz, J,3 = 9.0 Hz, H2"$), 3.600 (1,
H3"), 3.604 (dq, H5'B), 3.67 (1, J23 = 9.0 Hz, H3'B), 3.82 (dq,
H5"$8), 3.83 (dq, H5" @), 3.87 (1, H3'@), 3.98 (dq, H5'a@), 4.60
(d, Ji> = 8.0 Hz, H1'$), 5.30 (d, HI" @), 5.31 (d, HI"B), 5.14 (d,
Hl'a).

Found: C, 41.88 ; H, 6.84%. Calcd for C;,H,,04-2H,0: C,
41.62; H, 7.57%.

0-(6-Deoxy-a-pD-galactopyranosyl)-(1—4)-6-deoxy-D-galacto-
pyranose (32). Similar to 31, 7 (31 mg, 0.40 mmol) was hy-
drogenated in moist AcOH (6 ml) over Pd on C (10%, 34 mg).
Chromatography with CM system yielded 32 (11.0 mg, 87%), [¢]p
+164 (¢ 0.79, H:0); 'HNMR (D,0, 300 MHz) (29%a) & = 1.13
(d, Js5 = 6.5 Hz, H6"), 1.25 (d, Js¢ = 6.5 Hz, H6'a), 1.29 (d,
Jss = 6.5Hz, H6'B), 3.68 (dd, J23 = 10.0 Hz, J34 = 3.0 Hz, H3'B),
3.75(dd, Ji 2 = 4.0Hz, J,3 = 10.0 Hz, H2"),3.76 (dd, J, » = 4.0 Hz,
Josy = 10.0 Hz, H2'@), 3.78 (d, J34 = 3.0 Hz, J45 = 0 Hz, H4'a),
3.786 (d, J34 = 3.0 Hz, Jss = 0 Hz, H4'B), 3.789 (d, J;4 = 3.0
Hz, Jy5 = 0 Hz, H4"3), 3.798 (q, H5'3), 3.803 (d, J34 = 3.0 Hz,
Jus = 0 Hz, H4" ), 3.89 (dd, H3'@), 3.904 (dd, H3" &), 3.906 (dd,
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H3"$),4.20 (q, H5' @), 4.48 (g, Jas = OHz, H5" @), 4.49 (q, J45 = 0
Hz, H5"f), 4.57 (d, Ji» = 7.5 Hz, HI'$), 4.92 (d, J1», = 4.0 Hz,
HIY, 520(d, J12 = 4.0Hz, HI'a).

Found: C,43.63;H,7.41%. Calcd for C1,H220¢-H,0: C, 43.90;
H,7.37%.

References

I H. Paulsen, “Modern Methods in Carbohydrate Synthesis,”
ed by S. H. Khan and R. A. O’Neill, Harwood Academic Publishers
(1996), p. 1; R. R. Schmidt and K.-H. Jung, “Preparative Car-
bohydrate Chemistry,” ed by S. Hanessian, Marcel Dekker, Inc.,
New York (1997), p. 283; S. Hanessian, “Preparative Carbohy-
drate Chemistry,” ed by S. Hanessian, Marcel Dekker, Inc., New
York (1997), p. 381; S. L. Flitsch and G. M. Watt, “Glycopeptides
and Related Compounds,” ed by D. G. Large and C. D. Warren,
Marcel Dekker, Inc., New York (1997), p. 207; G. H. Veeneman,
“Carbohydrate Chemistry,” ed. by G.-J. Boons, Blackie Academic
and Professional, London (1998), p. 98; N. L. Douglas, S. V. Ley,
U. Liicking, and S. L. Warriner, J. Chem. Soc., Perkin Trans. 1,
1998, 51; P. P. Deshpande, H. M. Kim, A. Zatorski, T.-K. Park,
G. Ragupathi, P. O. Livingston, D. Live, and S. J. Danishefsky, J.
Am. Chem. Soc., 120, 1600 (1998); H. Ohtake, T. limori, and S.
Ikegami, Synlett, 1998, 1420; G. Hodosi and P. Koviac, Carbohydr.
Res., 308, 63 (1998); D. Crich and Z. Dai, Tetrahedron Lett., 39,
1681 (1998); S. Cassel, I. Plessis, H. P. Wessel, and P. Rollin, Tetra-
hedron Lett., 39, 8097 (1998); K. Fukase, Y. Nakai, T. Kanoh, and
S.Kusumoto, Synlett, 1998, 84; W. Wang and F. Kong, Tetrahedron
Lett., 39, 1937 (1998); G. G. Cross and M. Whitfield, Synlett, 1998,
487; M. Izumi and Y. Ichikawa,Tetrahedron Lett., 39, 2079 (1998).
T. Zhu and G.-J. Boons, Tetrahedron Lett., 39, 2187 (1998); U.
Schmid and H. Waldman, Chem. Eur. J., 1998, 494; T. Ziegler and
G. Lemanski, Eur. J. Org. Chem., 1998, 163; L. Green, B. Hinzen,
S. J. Ince, P. Langer, S. V. Ley, and S. L. Warriner, Synlett, 1998,
440; M. Wakao, Y. Nakai, K. Fukase, and S. Kusumoto, Chem.
Lert., 1999, 27, H.Tanaka, H. Sakamoto, A. Sano, S. Nakamura,
M. Nakajima, and S. Hashimoto, Chem. Commun., 1999, 1259; K.
Toshima, K. Kasumi, and S. Matsumura, Synlett, 1999, 813; K.
Oshima and Y. Aoyama, J. Am. Chem. Soc., 121, 2315 (1999); 1.
Azumaya, T. Niwa, M. Kotani, T. [imori, and S. Ikegami, Tetrahe-
dron Lett., 40, 4683 (1999); H. Yamada, T. Kato, and T. Takahashi,
Tetrahedron Lett., 40, 4581 (1999); W. Wang and F. Kong, Angew.
Chem., Int. Ed. Enlg., 38, 1247 (1999).

2 J. Inanaga, Y. Yokoyama, and T. Hanamoto, J. Chem.Soc.,
Chem. Commun., 1993, 1090; T. Mukaiyama, K. Matsubara, and
M. Hora, Synthesis, 1994, 1368; H. Susaki, Chem. Pharm. Bull.,
42, 1917 (1994); H. Uchiro and T. Mukaiyama, Chem. Lett., 1996,
79 and 271; Y.-L. Li and Y.-L. Wu, Tetrahedron Lertt., 37, 7413
(1996); H. Uchiro, K. Miyazaki, and T. Mukaiyama, Chem. Lett.,
1997, 403; K. Takeuchi, S. Higuchi, and T. Mukaiyama, Chem.
Letr., 1997, 969; C. Gallo-Rodriguez, O. Varela, and R. M. de
Lederkremer, Carbohydr. Res., 305, 163 (1998).

3 M. V. D’Auria, L. Minale, and R. Riccio, Chem. Rev., 93,
1839 (1993).

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

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

6 T. Kiyoi and H. Kondo, Bicorg. Med. Chem. Lett., 8, 2845
(1998).

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



976  Bull. Chem. Soc. Jpn., 73, No. 4 (2000)

8 T. Yasumoto and Y. Hashimoto, Agric. Biol. Chem., 29, 804
(1965); S. Ikegami, Y. Hirose, Y. Kamiya, and S. Tamura, Agric.
Biol. Chem., 36, 2453 (1972).

9 M. Hirooka and S. Koto, Bull. Chem. Soc. Jpn., 71, 2893
(1998).

10 M. Matsuzawa, K. Kubo, H. Kodama, M. Funabashi, and J.
Yoshimura, Bull. Chem. Soc. Jpn., 54, 2169 (1981).

11 J. C. McAuliffe and R. V. Stick, Aust. J. Chem., 50, 197
(1997).

12 S. Koto, N. Morishima, Y. Mori, H. Tanaka, S. Hayashi, Y.
Iwai, and S. Zen, Bull. Chem. Soc. Jpn., 60, 2301 (1987).

13 R. Gigg and C. D. Warren, J. Chem. Soc. C, 1968, 1903.

14 J. Thiem, V. Duckstein, A. Prahst, and M. Matzke, Liebigs
Ann. Chem., 1987, 289,

15 T.J. Lucas and C. Schuerch, Carbohydr. Res., 39, 39 (1975).

16 A. Kashem, A. Anisuzzaman, and R. L. Whistler, Carbo-
hydr. Res., 61, 511 (1978).

17 R. C. Bernotas, M. A. Pezzone, and B. Ganem, Carbohydr.

In situ Activating Glycosylation

Res., 167, 305 (1987).

18 H. Arita, N. Ueda, and Y. Matsushima, Bull. Chem. Soc.
Jpn., 45, 567 (1972).

19 W. Lai and O. R. Martin, Carbohydr. Res., 250, 185 (1993).

20 S. Koto, K. Asami, M. Hirooka, K. Nagura, M. Takizawa,
S. Yamamoto, N. Okamoto, M. Sato, H. Tajima, T. Yoshida, N.
Nonaka, T. Sato, S. Zen, K. Yago, and F. Tomonaga, Bull. Chem.
Soc. Jpn., 72,765 (1999).

21 S. Koto, N. Morishima, R. Kawahara, K. Ishikawa, and S.
Zen, Bull. Chem. Soc. Jpn., 55, 1092 (1982).

22 8. S. Bhattacharjee and P. A. J. Gorin, Can. J. Chem., 47,
1195 (1969).

23 A. Klemer, Chem. Ber., 92, 218 (1959); J.-M. Petit and P
Sinay, Carbohydr. Res., 64, 9 (1978).

24 J.-M. Petit, J.-C. Jacquinet, and P. Sinay, Carbohydr. Res.,
82, 130 (1980).

25 M. Dejter-Juszynski and H. M. Flowers, Carbohydr. Res.,
18, 219 (1971).




