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ABSTRACT

Glycosylation of various carbohydrate mono- and di-hydroxy derivatives with 2,3,4-tri-O-benzoyl-a-
L-fucopyranosyl bromide under Helferich conditions is stercoselective for acceptors that contain an
axial hydroxyl group and/or neighbouring acyloxy, phthalimido, or bulky monosaccharide substituents.

INTRODUCTION

The 2-O-fucosylation!~* of methyl a-L-thamnopyranoside derivatives with 2,3,4-
tri-O-benzoyl-a-L-fucopyranosyl bromide (1) under Helferich conditions [aceto-
nitrile~mercuric cyanide (2 equiv)-mercuric bromide (catalytic amount)] is stere-
ospecific. Further*, 1 was used for the stereoselective a-L-fucosylation of the
disaccharide acceptor 2, to yield a substituted derivative of the methyl glycoside of
the Le? (H type 1) blood-group specific trisaccharide.

In order to determine the features of the glycosyl acceptor that favour a-L-
fucosylation with 1, the glycosylation of various carbohydrate mono- and di-hy-
droxy derivatives has been studied and is now reported as part of a project on the
synthesis and NMR and conformational studies of branched oligosaccharides!3°-7,

RESULTS AND DISCUSSION

The following model acceptors were used: diols 3-6 (a series) with B-p-gluco,
a-D-gluco, B-p-galacto, and a-p-manno configurations, their 2- and 3-benzoates (b
and ¢ series), methyl 4,6-O-benzylidene-3-O-(4-chlorobenzyl)-B-p-glucopyranoside

* Synthesis, NMR and Conformational Studies of Branched Oligoasccharides, Part 9 (presented at the
XVIth International Carbohydrate Symposium, Paris, France, 1992). For Part 8, see ref 7.
*Corresponding author.
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TABLE 1
Difucosylation of methyl 4,6-O-benzylidene-p-glycopyranosides 3a, 4a, Sa, and 6a, and of the rhamno-
side 7

Acceptor Configuration Fucosylation products (yield, %)
BB“ ap Ba aa
1 3a B-p-gluco 3e (54) 3200 kP4
2 4a a-p-gluco 4f < (61) 4" (24) 4" ()
3 5a B-p-galacto Se (45) 5g (34)
4 6a a-D-manno of ¢ (44) 6h ¢ (48)
5 7 ®-L-manno 8 (13) 9 (64)

¢ Anomeric configuration of the L-fucopyranosyl residues, respectively, at O-2 and O-3 of the diglycosy-
lated unit. © Obtained after acid hydrolysis, then acetylation. ¢ Obtained after acid hydrolysis.

(3d), methyl 4,6-O-benzylidene-2-deoxy-2-phthalimido-8-p-glucopyranoside (13),
methyl 4-O-benzoyl-a-L-rhamnopyranoside (7), and its 3-benzoate 10. These com-
pounds differ in the orientation of the hydroxyl groups to be fucosylated and/or
the nature and the orientation of the neighbouring substituents. The results of the
mono- and di-fucosylation reactions are summarised in Tables 1 and 1I, respec-
tively.

The results reveal selective a-fucosylation of axial hydroxyl groups. Thus, in the
mono- and di-fucosylation reactions of mannosides and rhamnosides (HO-2 axial),
the efficiency of 2-O-a-L-fucosylation is markedly higher than for the glucoside and
galactoside acceptors (HO-2 equatorial) (see Table 1 and entries | and 3-6 in
Table II).

The presence of a neighboring benzoyl group favours' a-fucosylation to a
higher extent than the presence of a neighbouring benzyl group (entries 1 and 2 in
Table TI, see also below). A decrease in the reactivity of the acceptor promotes
a-fucosylation'?, which accords with the results of fucosylation of 3¢ and 3d.
Indeed, the total yield of products from 3c was 24% lower than from 3d, but the
a-stereoselectivity was higher. The difference in reactivities of the acceptors 3¢ and
3d is probably connected with the electron-acceptor or shielding® effect of BzO-3
in 3¢ (which decreases the nucleophilicity of HO-2), but is not due to possible
differences in conformations, because the 'H NMR spectra of 3¢ and 3d (Table
II1, recorded in CD,CN since MeCN was the solvent used for glycosylation
reactions) indicated similar conformations of 3¢ and 3d.

The presence of a bulky monosaccharide unit near the acceptor hydroxyl group
also favours a-fucosylation. Thus, for the 2-O-fucosylation of the methyl galactopy-
ranoside derivative Sc (entry 4 in Table I1) and the disaccharide acceptor 24, the «,
B-ratios of the fucosylated products were 1:1.3 and 9: 1%, respectively.

The efficiency of a-1.-fucosylation with 1 also depends on the orientation of the
substituents around the hydroxy! group to be glycosylated, as illustrated by the
results of 3-O-fucosylation of the glucoside 4b and the mannoside 6b (entries 9 and
11 in Table ITI) with BzO-2 equatorial and axial, respectively. In contrast, the

3
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stercoselectivities of fucosylation for the pairs 3¢ and 4¢ or 3b and 5b (entries
1, 3, 8, and 10 in Table II) were similar. Thus, the variation of the orientation of
neighbouring alkoxy groups does not markedly influence the stereochemistry of
fucosylation in contrast to neighbouring benzoate groups'>*.

The similarity of the results of fucosylation of the 2-O-benzoylglucoside 3b and
the 2-deoxy-2-phthalimidoglucoside 13 (entries 8 and 12 in Table II) means that
neighbouring phthalimido and benzoyloxy substituents favour a-fucosylation to
similar extents.

The above-mentioned results indicate the optimal combination of blocking
groups in the acceptor to control the stereochemistry of fucosylation as illustrated
with the acceptors 16-19 (a series), a-fucosylation of which yields derivatives of
the important natural disaccharides, 2-O-a-L-fucosyl-p-galactose (H-disaccharide)
and 2-acetamido-2-deoxy-3- and -4-O-a-L-fucosyl-p-glucose (fragments of blood-
group specific substances), and 3-O-a-L-fucosyl-p-glucose (fragment of some milk
oligosaccharides and bacterial polysaccharides). Glycosylation of 16—19 (a series)
gives good yields of a-1L-fucosylated products (entries 7 and 13-15 in Table H) and
confirms that the presence of neighbouring acyl substituents favours a-L-fucosyl-
ation.

In order to complete the glycosylation of the acceptors 17a, 18a, and 19a, at
least 3 equiv of 1 were necessary, which further reflects the fact that decrease of
the reactivity of the acceptor favours a-L-fucosylation.

During glycosylations® ! with 2,3,4-tri-O-acetyl-a-L-fucopyranosyl bromide (20)
under Helferich conditions, the marked formation of a-fucosides was also noted,
but the yields (>30%) and a-stereoselectivity were lower than in the reactions
with 1. For example, the reaction of 20 with 16a (in acetonitrile as in entry 7 in
Table II) gave!! & and B-fucosylated products in yields of only 28 and 20%,
respectively. A change of the solvent to nitromethane—toluene for the reaction of
16a with 20 improved the ratio of the yields of a- and B-fucosyl derivatives (33 and
7.5%, respectively), but this change did not affect (TLC) glycosylation with 1.

The glycosylation of 18a with 2,3,4,6-tetra-O-benzoyl-a-p-galactopyranosyl bro-
mide (21) under Helferich conditions!? is also a-stereoselective (a,B-ratio 4:1).
Thus, the observed unusual 1,2-cis-selectivity in glycosylations with the bromides 1,
20, and some other fucose and galactose derivatives (see refs 1, 3, and 9-12) that
contain a participating 2-substituent may be a property of glycosyl donors with the
galacto configuration.

The structures of disaccharide derivatives obtained by glycosylation with 1 were
proved by '"H NMR spectroscopy; the anomeric configuration of the fucose
residues was indicated by the J, values (~ 3.5 Hz for a, and ~ 7.5 Hz for 8;
Table III).

The structures of the trisaccharide products were established by 'H NMR
spectroscopy after removal of protecting groups, as described previously! =367, The
'H NMR data for unsubstituted trisaccharide methyl glycosides 22-32 are given in
Table 1V. Assignments were accomplished by using a combination of 'H-'H
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COSY and RCT 2D experiments. The anomeric configuration of each 1-
fucopyranosyl unit was assigned on the basis of the J; , value. The locations of the
a- and B-fucopyranosyl units in 22-32 were determined on the basis of NOE data
(Table V) obtained after selective pre-irradiation of H-1 of each fucosyl residue.
The minor product 4j was not O-deacylated, and its structure was established on
the basis of the '"H NMR data (Table 1I1) and taking into account the structure of
its isomer 4i.

The foregoing data demonstrate further that 1 has potential for the synthesis of
oligosaccharides as an alternative to the traditional 2-O-benzylated a-L-
fucopyranosyl donors, the preparation of which is longer than that of 1. Moreover,
the employment of 1 with suitable acceptors will give derivatives from which benzyl
groups can be removed selectively.

EXPERIMENTAL

General —Melting points were determined with a Kofler apparatus and are
uncorrected. Optical rotations were determined with a JASCO DIP-360 digital
polarimeter at 26-30°C. 'H NMR spectra were recorded with a Bruker WM-250
instrument for solutions in CDCl; (internal Me,Si) for substituted compounds and
in D,0O for the trisaccharide methyl glycosides 22-32. NOE experiments were
performed as described®.
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TABLE 111

!H NMR data (8 in ppm, J in Hz) for the substituted derivatives ¢

Com- Residue H-1 H-2 H-3 H4 H-5 H-6a H6b Ji, Jo3 T34 Jis Jsea Jsgo Joasn

pound

3c? 447 3.61 538 3.81 361 380 433 76 9.0 90 9.0 100 47 100

3d? 431 338 358 3.64 343 375 427 76 89 89 89 100 49 100

3n B-D-Glc 459 4.01 555 516 3.82 417 433 77 96 96 96 25 47 124
a-1-Fuc 546 5.64 584 575 479 1.26 34 112 35 12 65

30 B-D-Glc 428 3.85 545 522 3.69 412 429 80 95 95 95 25 50 124
B-.-Fuc 498 557 5.46 552 3.85 0.85 79 9.7 30 <1 63

3p B-D-Glc 455 384 379 3.74 351 381 443 73 83 83 83 105 50 105
a1-Fuc ¢ ¢ 596 ¢ 481 1.29 34 12 65

3q B-p-Glc 4.19 3.83 3.72 364 335 372 430 78 78 93 93 100 50 100
B-L-Fuc 521 5.77 562 573 4.07 133 79 104 34 1.0 65

3u B-D-Glc 452 530 423 531 376 423 430 75 75 87 92 38 48 125
a-L-Fuc 564 558 582 576 447 128 35 106 37 1.0 6.6

3v B-D-Glc 463 527 427 515 3.66 410 415 83 92 92 9.2 100 45 100
B-L-Fuc 492 556 545 551 3.81 0.90 78 102 33 1.0 65

41 a-D-Glc 502 4.01 588 3.69 4.02 3.79 435 37 98 98 9.8 102 46 102
a-L-Fuc 552 5.64 593 5.83 460 131 40 107 35 12 6.6

4m a-D-Glc 4.68 4.08 5.79 3.77 393 3.75 427 37 99 99 99 103 45 103
B-L-Fuc 4.85 5.66 548 5.56 3.83 0.84 80 105 31 15 64

4u a-D-Glc 5.05 5.09 454 530 398 415 427 35 93 93 100 30 50 122
a-L-Fuc  5.65 5.75 4.40 1.29 1.3 63

4v a-D-Glc 5.11 5.16 449 512 389 401—414 37 91 91 91 52 31 118
B-L-Fuc 498 5.58 545 557 379 1.12 76 103 35 15 6.0

4j a-D-Glc 480 4.09 427 514 381 405 421 33 94 94 108 30 51 125
B-L-Fuc 4.84 569 554 559 3.9 099 79 100 33 <1 64
a-L-Fuc 586 598 5.72 5.77 448 127 36 106 32 19 o4

sl B-p-Gal 4.61 441 518 449 3.63 409 439 77 100 30 <1 15 15 126
a-L.-Fuc 562 575 589 579 4.87 129 35 106 33 <1 65

Sm  B-p-Gal 4.22—4.29 5.14 458 351 4.08 4.34 38 <1 17 13 125
B-1-Fuc 512 565 555 5.64 398 1.18 75 104 31 <1 64

Ss B-D-Gal 4.68 553 420 4.16 345 390 428 80 100 35 <1 20 1.7 120
B-1-Fuc 494 565 548 558 3.90 0.88 77 102 34 <1 63

5t pB-p-Gal 443 558 ¢ 428 373 ¢ d 78 100 35 <1 52
a-L-Fuc 5.57 5.60 6.02 579 4.75 1.30 36 104 33 1.7 65

5s B-D-Gal 4.68 5.53 420 4.16 345 390 428 80 100 35 <1 20 1.7 120
B-L-Fuc 494 565 548 558 3.90 0.88 77 102 34 <1 63

6n a-D-Man 4.63 433 549 566 397 408—421 16 3.0 98 98 35 35
a-L.-Fuc 536 5.66 596 565 4.46 0.67 36 102 32 <1 64

6o a-D-Man 5.03 441 5.40-552 397 415 427 16 25 92 22 45 118
B-L-Fuc 4.85 5.76 5.45 563 3.89 125 75 101 32 <1 6.2

6r a-D-Man 4.78 539 449 425 3.90-406 435 16 34 100 100 70 35 9.6
a-L-Fuc 561 556 598 559 471 094 36 102 34 <1 6.0

6s a-D-Man 491 551 451 378 390 410 426 16 35 97 97 94 42 94
B-1-Fuc 5.18 5.67 548 5.65 4.04 127 76 102 31 <1 6.0

11 a-L-Rha 4.88 439 5.68 576 4.11 142 21 29 100 91 62
a-t-Fuc 533 592 595 586 459 129 35 70 30 10 65

12 a-L-Rha 455 441 547 559 391 116 19 34 102 95 6.2
B-L-Fuc 473 577 546 558 3.82 0.80 81 110 35 11 65

14 B-p0-Glc 500 431 496 385 375 390 445 85 104 90 9.0 102 46 102
a-L-Fuc 516 540 5.86 549 457 051 36 11.1 35 15 6.7
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TABLE I (continued)
"H NMR data (8 in ppm, J in Hz) for the substituted derivatives ¢

Com- Residue H-1 H-2 H-3 H-4 H-5 H-6a H-6b J,;, Jo3 Jay Jis Joon Jsan Jouss
pound

15 B-p-Gle 533 431 473 3.60-3.70 3.74 436 86 104 89 8.5
B-r-Fuc 492 551 553 543 3.84 0.55 80 102 31 <1 62

16b a-p-Gal 642 426 520 541 430 40 105 33 15
a-L-Fuc 5.61 554 585 573 443 130 40 105 33 15 64

16¢ a-p-Gal 633 439 532 548 4.24 40 103 35 15
B-i-Fuc 491 573 551 571 4.09 135 8.2 105 36 <lI

17b B-p-Glc 5.12 447 504 5.62 410 447 4.63 85 105 87 99 49 37 120
a-1-Fuc 548 522 577 545 431 0.83 37 109 36 15 62

18b B-p-Glc 5.39 432 6.09 4.08 394 416 476 87 11.0 87 10.0 41 23 122
a-L-Fuc 546 554 593 5.62 4.37 0.86 35 11.0 36 1.7 65

18¢ B-p-Gle 530 424 586 4.16 3.806 437 4.62 86 109 92 92 59 26 125
B-i-Fuc 480 551 5.14 552 390 1.24 8.0 105 35 11 65

19b B-p-Glc 4.60 536 449 571 4.15 448 470 75 84 87 87 53 36 120
a-L-Fuc  5.64 557 575 543 417 072 36 108 35 L7 62

19¢ B-p-Gle 4.77 531 454 549 398 437 450 78 93 93 083 58 39 121
B-1-Fuc 4.92 556 5.18 548 3.85 0.92 7.7 105 35 <1 62

“ For solutions in CDCl;, unless stated otherwise. ® For a solution in CD,CN. ¢ 5.80-5.88 (m, 3 H,
Fuc H-1,2,4). ¢ 3.98-4.10 (m, 3 H. Gal H-3,6a,6b). Other signals: aromatic § 6.90-8.20; OMe 3.29-3.68
(2.84 for 4j); AcO 1.70-2.20; PhC H 5.45-5.77; 4-CIPhC H, 4.20-4.90.

Dichloromethane was washed with concd H,SO, and water, dried (CaCl,), and
distilled from CaH,. Acetonitrile was distilled from P,O5 and then from CaH,.
Freshly distilled solvents were used in all experiments.

TLC was performed on Kieselgel-60 (Merck) with EtOAc~toluene (A, 1:2;
B,1:1; C, 1:7), CHCI,~EtOH (D, 9:1), and EtOAc-heptane (E, 2:3; F, 1:1),
and with detection by charring with H,S0,. Column chromatography was per-
formed on Silica Gel L (40,100 um, C.S.F.R.) by gradient elution with benzene-~
EtOAc.

Glycosyl acceptors.—The syntheses of the glycosyl acceptors 3a'?, 3b', 3¢'4,
3d°, 4a', 4b'5, 4¢P, 5a'%, 5b'°, 5¢!7, 6a'®, 6b'7, 6c!7, 71°, 10", 137, 16a%. 172,
18a'?, and 19% have been reported.

Trisaccharide syntheses (Table I).—(a) Fucosylation of 7. A solution of 7 (113
mg, 0.4 mmol), Hg(CN), (607 mg, 2.4 mmol), HgBr, (50 mg), and 4A molecular
sieves in MeCN (6 mL) was stirred for 45 min at 20°C under Ar. Using a syringe, a
solution of 1 [prepared? from tetra-O-benzoyl-L-fucopyranose (1.39 g, 2.4 mmol)]
was introduced portionwise during 1 h. The mixture was stirred for 1 h, CHCI, (10
mL) and satd aq KBr (10 mL) were added, and the mixture was stirred for 10 min
and filtered through Celite. The organic layer was washed with aq KBr and water,
filtered through cotton, and concentrated. Column chromatography of the residue
gave methyl 4-O-benzoyl-2,3-di-0-(2,3,4-tri-O-benzoyl-S-L-fucopyranosyl)-a-L-
rhamnopyranoside (8; 62 mg, 13%) and methyl 4-O-benzoyl-2-0-(2,3,4-tri-O-ben-
zoyl-a-1-fucopyranosyl)-3-0-(2,3,4-tri-O-benzoyl-B-L-fucopyranosyl )-a-L-rthamno-
pyranoside (9; 307 mg, 64%).
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TABLE V
The characteristic NOE values (%) observed after pre-irradiation of H-1 of each terminal fucose
residue in the trisaccharide methy! glycosides 23, 26, 28, 30, and 32

Compound Observed NOE ¢

Pre-irradiation of H-1"  Pre-irradiation of H-1"

H-2 H-2’ H-2 H-3 H-4 H-2" H-3” H-5"
23 14.1 12.8 9.0 28 6.0 84
26 13.1 12.4 123 3.1 73 10.0
28 15.8 12.5 1.4 8.7 10.1 126
30 84 13.2 9.0 5.1 6.3 9.7
32 11.4 124 3.9 6.7 55 7.4

“ H-1" and H-1" refer to the (1 — 2)- and (1 = 3)-linked residues, respectively.

B-L-Fucp-(1 - 2) a-L-Fucp-(1 - 2)
>B-D~Glcp-OMe >/3-D-Glcp-OMe
B-L-Fucp-(1 - 3) B-L-Fucp-(1 - 3)
22 23
a-L-Fucp-(1 = 2)_ B-L-Fucp-(1 - 2)_
/B-D-Glcp-OMe /a-D-Gle-OMe
a-L-Fucp-(1 - 3) B-L-Fucp-(1 — 3)
24 25
a-L-Fucp(1 - 2) B-L-Fucp(1 - 2)
~ ~
/a-D-Glcp-OMe /,B-D-Ga]p-OMe
B-L-Fucp-(1 - 3) B-L-Fucp-(1 - 3)
26 27
a-L-Fucp-(1 - 2) B-L-Fucp-(1 - 2)
>B-D-Glcp-OMe >a—D-Manp-OMe
B-1-Fucp-(1 - 3) B-L.-Fucp-(1 - 3)
28 29
a-L-Fucp-(1 = 2) M oM B-L-Fucp-(1 = 2)_ Rha p-OMe
_-a-p-Man p-OMe a-D-Rha p-OMe
B-L-Fucp-(1 - 3) B-L-Fucp-(1 - 3)
30 31
a-L-Fucp-(1 - 2) b OM
a-L.-Rhap- €
B-L-Fucp-(1 > 3)"
32

Compound 8 was amorphous and had [«], —137° (¢ 1, CHCI,), R, 0.48
(solvent F, 3 elutions).
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Compound 9 had mp 164-167°C (from EtOAc-hexane), [al, —202° (¢ 0.7,
CHCI,), and R/ 0.46 (solvent F, 3 elutions). Anal. Caled for CgsHg,O,: C, 68.11;
H, 5.21. Found: C, 68.34; H, 4.87.

(b) Fucosylation of 6a. Glycosylation of 6a (212 mg, 0.75 mmol) with 1 [pre-
pared? from tetra-O-benzoyl-L-fucopyranose (1.74 g, 3 mmol)] was performed, and
the mixture was processed, as in (a). A solution of products in CHCl, (2 mL) was
stirred with aq 90% trifluoroacetic acid for 40 min, diluted with CHCl; (40 mL),
washed with water, ag NaHCO;, and water, filtered through cotton, and concen-
trated. Column chromatography of the residue gave methyl 2,3-di-O-(2,3,4-tri-O-
benzoyl-B-L-fucopyranosyl)-a-D-mannopyranoside (6f; 291 mg, 44%) and methyl
2-0-(2,3,4-tri-O-benzoyl-a-L-fucopyranosyl)-3-0O-(2,3,4-tri-O-benzoyl-B-L-fuco-
pyranosyl)-a-p-mannopyranoside (6h; 313 mg, 48%).

Compound 6f was amorphous and had [a], —185° (¢ 2, CHCl;), Ry 0.21
(solvent B).

Compound 6h was amorphous and had [a], —153° (¢ 2, CHCl,), R, 025
(solvent B).

(¢) Fucosylation of 3a. Glycosylation of 3a (212 mg, 0.75 mmol) with 1 [pre-
pared? from tetra-O-benzoyl-L-fucopyranose (1.74 g, 3 mmol)] was performed as in
(@). Column chromatography of the products gave methyl 4,6-O-benzylidene-2,3-
di-0-(2,3,4-tri-O-benzoyl-B-L-fucopyranosyl)-B-p-glucopyranoside [3e; 486 mg, 54%,
[alp, —170° (¢ 1, CHCly), R, 0.48 (solvent C)] and a mixture [220 mg, 24%, R,
0.58 (solvent C)] of other glycosylation products. Acid hydrolysis of the mixture as
for the preparation of 6f and 6h, subsequent acetylation (Ac,O-pyr), and column
chromatography gave methyl 4,6-di-O-acetyl-2-O-(2,3,4-tri-O-benzoyl-a-L-fucopy-
ranosyl)-3-0-(2,3,4-tri-O-benzoyl-B-L-fucopyranosyl)-8-p-glucopyranoside (3i; 176
mg, 20%) and methyl 4,6-di-O-acetyl-2,3-di-0-(2,3,4-tri-O-benzoyl-a-L-
fucopyranosyl)-B-p-glucopyranoside (3k; 34 mg, 4%).

Compound 3i was amorphous and had [a], —171° (¢ 1, CHCl,), R, 031
(solvent E).

Compound 3k was amorphous and had [a], —190° (¢ 1, CHCI,), R, 039
(solvent E).

(d) Fucosylation of 4a. Glycosylation of 4a (212 mg, 0.75 mmol) with 1 [pre-
pared? from tetra-O-benzoyl-L-fucopyranose (1.74 g, 3 mmol)] was performed as in
(b). Column chromatography of the hydrolysed products gave methyl 2,3-di-O-
(2,3,4-tri-O-benzoyl-B-L-fucopyranosyl)-a-p-glucopyranoside [4f; 508 mg, 61%, [a]y,
—138°(c 1, CHCly), R, 0.3 (solvent B)] and a mixture [220 mg, 26%, R, 0.45-0.5
(solvent B)] of other glycosylation products. Acetylation (Ac,O-pyr) of the mix-
ture and subsequent column chromatography gave methyl 4,6-di-O-acetyl-2-O-
(2,3,4-tri-O-benzoyl-a-L-fucopyranosyl)-3-0-(2,3,4-tri-O-benzoyl-B-L-fucopyrano-
syl)-B-p-glucopyranoside (4i; 208 mg, 23%) and methyl 4,6-di-O-
acetyl-3-0-(2,3,4-tri-O-benzoyl-a-L-fucopyranosyl)-2-0-(2,3,4-tri-O-benzoyl-B-L-
fucopyranosyl)-8-p-glucopyranoside (4j; 19 mg, 2%).
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TABLE VI
Preparation of unsubstituted trisaccharide methyl glycosides 22-32
Compound Precursor Yield, [alp®
(mg, deprotection method ¢) mg (%) (¢, H,0)
22 3e (196, B) 74 (93) —17(1.5)
23 3i (136, A) 49 (89) -73(1)
24 3k (30, A) 11 (87) —127(0.5)
25 4f (458, A) 167 (83) +48 (1)
26 4i (76, A) 28 (88) +8(1)
27 5e (87, B) 29 (81) +12(1)
28 5g(91, B) 26 (75) -62(1)
29 6f (313, A) 116 (84) +12(2)
30 6h (240, A) 87 (83) -47(2)
31 8 (250, A) 75 (78) -1(2)
32 9 (250, A) 90 (92) —-40(1)

“ See Experimental.

Compound 4i was amorphous and had [a], —127° (¢ 1, CHCl,), R, 0.31
(solvent F),

Compound 4j was amorphous and had [a], —137° (¢ 1, CHCI;), R, 0.24
(solvent F).

(e) Fucosylation of 5a. Glycosylation of 5a (212 mg, 0.75 mmol) with 1 [pre-
pared? from tetra-O-benzoyl-L-fucopyranose (1.74 g, 3 mmol)] was performed as in
(c). Column chromatography of the products gave methyl 4,6-O-benzylidene-2,3-
di-0-(2,3,4-tri-O-benzoyl-B-1-fucopyranosyl-B-p-glucopyranoside [Se; 404 mg, 45%,
[alp, —166° (¢ 1, CHCI,), R, 0.16 (solvent C)] and a mixture [340 mg, R, 02
(solvent C)] of 5g and an impurity. Acid hydrolysis of the mixture, subsequent
acetylation (Ac,O—pyr), and column chromatography of the products gave methyl
4,6-di-O-acetyl-2-0-(2,3,4-tri-O-benzoyl-a-1-fucopyranosyl)-3-0-(2,3,4-tri-O-ben-
zoyl-B-L-fucopyranosyl)-8-p-galactopyranoside (5i; 283 mg, 34%) as an amorphous
powder, [a]p, —144° (¢ 1, CHCI;), R, 0.25 (solvent A).

Preparation of the trisaccharide methyl glycosides 22-32 (Table VI).—{(a) Proce-
dure A. The acylated precursor (100-300 mg) was treated with 0.1 M MeONa in
MeOH (10 mL) for 16-20 h at 20°C. The solution was neutralised with KU-2 (H™)
resin, filtered, and concentrated. The residue was partitioned between water (10
mL) and CHCI, (10 mL); the agueous layer was washed with CHCI, (4 X 10 mL),
then concentrated. GPC of the residue on fracto-gel TSK HW-40(S) (25-40 pm,
V, 50 mL) by elution with deionised water gave the product as an amorphous
powder.

(b) Procedure B. The benzylidenated compound was hydrolysed with acid as for
the preparation of 6f and 6h, and then treated with MeONa and purified as in
Procedure A.

The '"H NMR data for 22-33 are listed in Tables IV and V.
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Disaccharide syntheses (Table II).—(a) Procedure A. The reaction was per-
formed as described for the difucosylation of 7.

(b) Procedure B. The reaction was performed and continued (including acid
hydrolysis) as described for the difucosylation of 6a.

(¢) Procedure C. The reaction was performed as described for the difucosylation
of 7; the products were hydrolysed with acid, acetylated (Ac,O-pyr), and then
fractionated by column chromatography.

The 'H NMR data of the products are listed in Table III.
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