LETTER

1969

Fast and Efficient Preparation of an a-Fucosyl Building Block by Reductive
1,2-Benzylidene Ring-Opening Reaction
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Abstract: 1,2-Benzylidene ring opening on fucose was promoted in
the presence of different reducing agents and Lewis acids, provid-
ing a fast access to fucosyl building blocks.
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Fucosylated oligosaccharides are crucial for a variety of
biological processes including tissue development, angio-
genesis, fertilization, inflammation, cell adhesion, and tu-
mor metastasis.! Among fucosylated carbohydrates,
Lewis X and Lewis Y,? the ABH-antigens, and Globo-H*
are the most prominent structures from the biological as
well as the synthetic point of view. Figure 1 depicts two
examples of fucose-containing oligosaccharides such as
the A antigen (1),? being responsible for blood group A,
and the tumor-associated antigen Globo-H (2).* But also
antitumor agents such as the camptothecine derivative’
(3) contain a fucosyl moiety. It is known that abnormal fu-
cosylation occurs in many diseases! and recently it was
shown that Gal-Fuc derivatives play also an important
role in the nervous system.®
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The fucosyl motif is found to be one of the most redundant
monosaccharide units for the termination of mammalian
oligosaccharides at their non-reducing end.” Commonly,
it is linked by an a-glycosidic bond to the adjacent
monosaccharide moiety (cf. Figure 1).”

To create such a linkage one cannot rely on neighboring-
group participation at the C-2 hydroxyl due to the cis ar-
rangement of the two C-O bonds. Thus, an efficient a-fu-
cosyl building block requires a non-participating group
such as a benzyl (Bn) ether at the C-2 hydroxyl. Recent
studies have shown that ester groups such as pivaloyl
(Piv) or benzoyl (Bz) at the C-4 hydroxyl increase the o/
selectivity during the glycosylation reaction.® It is as-
sumed that the ester functionality acts as a remote partici-
pating group when the oxocarbenium intermediate is
formed and the attack of the nucleophile occurs only from
the upper (o) face (Figure 2).® To generate such a protect-
ing-group pattern with an ester functionality in position 4
and an ether moiety in position 2 several synthetic routes
have been developed.” However, all of them are quite
lengthy and require at least seven steps starting from un-
protected L-fucose.
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Figure 1 Fucose-containing antigens such as the blood-group-A antigen and the breast-cancer-associated antigen Globo-H; a fucosylated
camptothecine derivative that is an excellent antitumor agent is also shown
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Figure 2 o-Selectivity in fucosylation by remote participation

Recent investigations of 1,2-O-benzylidene hexopyra-
noses have shown that this group has the potential for a
carbohydrate protecting group that can be reductively
ring-opened in a regioselective manner to afford either
1-O- or 2-O-substituted monosaccharide units.!%!!
Whereas the behavior of 4,6-benzylidene acetals in reduc-
tive ring-opening reactions is known since decades and
has been used as one of the most frequent manipulations
for the syntheses of carbohydrate building-blocks,'? the
nature of the analogous 1,2-benzylidenes is not well in-
vestigated. In the cases described so far, the regioselectiv-
ity of the reductive ring opening strongly depends on the
reducing agent, the Lewis acid that is used to activate the
system, the solvent, and the reaction temperature.'®!!
However, in some cases good regioselectivities could be
achieved.

Encouraged by these results, we investigated the reductive
ring-opening reaction of 1,2-benzylidene fucopyranose in
order to design a short and efficient access to a-fucosyl
building blocks.

The 1,2-benzylidene group can be constructed in several
ways, either by acetal-exchange reactions of the corre-
sponding isopropylidene!® or orthoester'* derivatives un-
der acidic conditions or by reaction of a glycosyl halide
with an adjacent trans-configured benzoate under reduc-
tive conditions.'”> Of course, for the construction of 1,2-
benzylidene fucose the latter method is the best choice.

Extensive benzoylation of the unprotected fucose 4 in the
presence of pyridine afforded the tetra-O-benzoylfucose
which can be easily converted into the corresponding bro-
mide 5 by the action of hydrobromic acid in acetic acid.'®
The benzylidene acetal formation to afford 6 was accom-
plished in 71% yield using NaBH, as reducing agent in the
presence of KI with acetonitrile as solvent.!” The use of KI
in the reaction is necessary to allow an isomerization of
the anomerically favored o-bromide 5 that is unfavorable
for the course of the transformation. Thus, reaction of o-bro-
mide with the iodide affords the B-iodide that is prone to
be substituted by the trans-orientated benzoate
(Scheme 1).

With 1,2-benzylidene acetal 6 in hand, we attempted sev-
eral procedures for a selective ring opening under reduc-
tive conditions to afford either the 2-O-benzylated fucose
hemiacetal 7 or the 1-O-benzylated fucose 8 (Table 1)
When Et;SiH was used as reducing agent in the presence
of trifluoroacetic acid (TFA) and trifluoroacetic anhy-
dride (TFAA) in dichloromethane at 0 °C to room temper-
ature fucose derivative 8 was obtained as the major
product (82%). The use of DIBAL-H in dichloromethane
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Scheme 1 Access to the hemiacetal of fucose with the appropriate
protecting-group pattern via reductive 1,2-benzylidene ring opening

also yielded 8 as the major product (44%); however, sev-
eral further side products were observed. With the mild re-
ducing agent NaBH(OACc); in acetonitrile no conversion
was found. The best results in favor of the desired fucose
7 were obtained using BH;- THF complex. A variety of
different conditions was tested using this system. The use
of BH; THF (1.5 equiv) in THF as solvent and a catalytic
amount (0.15 equiv) of the Lewis acid Bu,BOTT afforded
the highest amount of isomer 7 (45%) together with 8
(43%) which could easily be separated by column chro-
matography on silica gel.'® Dichloromethane as solvent
showed a slight preference for isomer 8. With decreasing
temperature the regioselectivity of the ring opening could
not be increased, but the total yields became smaller. A
larger amount of Lewis acid did result in significant loss
of the benzylidene moiety leading to the 1,2-diol. In THF
also polymerization of the solvent was observed when us-
ing a high concentration (2.0 equiv) of Bu,BOTTf. The use
of the more bulky Lewis acid PhBCl, gave similar results
in comparison with Bu,BOTY. Finally, we tested silica gel
as Lewis acid, but no conversion at all was observed. With
use of 1,2-bis(trimethylsiloxy)benzene and BF;-OEt, we
envisioned the formation of a chelating bifunctional
Lewis acid system being more selective. However, the re-
action resulted in a complex mixture.

The 2-O-benzylated fucose hemiacetal 7 was converted to
building block 9 suitable for oligosaccharide synthesis.
Using conditions reported by Schmidt'® compound 7 was
reacted with trichloroacetonitrile and catalytic amounts of
DBU to yield the corresponding trichloroacetimidate 9
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Scheme 2 Transformation of the fucose hemiacetal 7 into the fuco-
syl trichloroacetimidate 9
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Table 1 Different Conditions Tested for the Reductive Ring-Opening Reaction of 1,2-Benzylidene Fucose 6 into 7 and 8*

Entry Conditions Temp (°C) 7 (%) 8 (%)
1 Et;SiH, TFA, TFAA, CH,Cl, 0to25 11 82
2 DIBAL-H, CH,Cl, 0 10 44
3 NaBH(OACc);, MeCN 25 no conversion
4 BH,- THF, Bu,BOT{, THF -30 16 30
5 BH;-THF, Bu,BOTf, THF 0 33 38
6 BH; THF, Bu,BOT{, THF 25 45 43
7 BH;- THF, Bu,BOTf, CH,Cl, 0to25 44 46
8 BH;- THF, Bu,BOTf, CH,Cl, 25 42 47
9 BH;- THF, TMSOTY, CH,Cl, 25 35 38

10 BH;- THF, PhBCl,, CH,Cl, 0 39 41

11 BH;- THF, PhBCl,, CH,Cl, 25 41 43

12 BH;-THF, SiO,, CH,Cl, 25 no conversion

13 BH; THF, BF;-OEt,, 1,2-bis-(trimethylsiloxy)benzene, CH,Cl, 0to 25 complex mixture

 Isolated yields.

(Scheme 2).2° Recent investigations have already shown
that this fucosyl trichloroacetimidate is a useful building
block for oligosaccharide assembly.”!

In conclusion, we present a fast and efficient protocol for
the preparation of a-fucosyl building blocks in only five
steps. The key step is a reductive 1,2-benzylidene ring-
opening reaction, rendering this route shorter than the
common syntheses of fucosyl building blocks.
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3,4-Di-0O-benzoyl-1,2-0-benzylidene-o-L-fuco-

pyranose (6)

To a stirred solution of fucosyl bromide 5 (16.9 g, 31.3
mmol, 1.00 equiv) in abs. MeCN (106 mL) was added dry KI
(7.46 g, 44.9 mmol, 1.43 equiv) and NaBH, (1.13 g, 29.9
mmol, 0.96 equiv). The mixture was stirred for 2.5 h. Then
more NaBH, (1.13 g, 29.9 mmol, 0.96 equiv) was added.
After a total reaction time of 5 h, the solvent was removed.
The residue was dissolved in EtOAc, washed with ice water,
cold sat. NaHCOj solution, and twice with brine. The
mixture was dried (Na,SO,), concentrated, and the residue
purified by column chromatography (SiO,; pentane-EtOAc,
5:1) to afford 10.2 g (71%) of 6 as a colorless foam.
Analytical Data of the exo-Product

IR (KBr): 2985, 1727, 1602, 1452, 1280 cm™'. "H NMR (300
MHz, CDCly): 6 = 1.31 (d, /= 6.2 Hz, 3 H), 4.51 (dd,
J=6.9,52Hz,1H),4.53 (m, 1 H),5.51(dd, J =6.8,3.5Hz,
1 H),5.64 (dd, J=3.4,1.6 Hz, 1 H), 591 (d, J=5.1 Hz,

1 H), 6.04 (s, 1 H), 7.31-7.65 (m, 11 H), 7.93 (m, 2 H), 8.03
(m, 2 H). 3C NMR (75 MHz, CDCl,): 8 = 16.4, 67.8, 69.5,
71.9,72.9,98.8,101.9, 126.3, 128.2, 128.6, 129.4, 129.6,
129.7, 133.2, 133.4, 137.7, 165.6, 165.7. ESI-HRMS: m/z
calcd for C,,H,,0,Na: 483.14142; found: 483.14160.
3,4-Di-0-benzoyl-2-0O-benzyl-a/p-L-fucopyranose (7)

To a stirred solution of benzylidene fucose 6 (161 mg, 0.35
mmol, 1.0 equiv) in abs. THF (2 mL) BH;-THF (0.53 mL,
0.53 mmol, 1.5 equiv) was added at r.t., then Bu,BOTf

(52 uL, 0.053 mmol, 0.15 equiv). The mixture was stirred for
1-2 h. Water was added and the reaction mixture was
extracted with EtOAc. The organic phase was dried
(Na,SO,), concentrated, and the residue purified by column
chromatography (SiO,; pentane-EtOAc, 3:1 to 2:1) to afford
72 mg (45%) of 7 and 70 mg (43%) of 8 as a colorless foam.
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The two products were easily separable (7 is much more
polar than 8).

Analytical Data of the Anomeric Mixture (1:1) of 7

IR (film): 3434, 2936, 1726, 1602, 1453, 1283 cm™. 'H
NMR (300 MHz, CDCl;): 6 = 1.19(d, J = 6.1 Hz,3 H), 1.27
(d, J=6.1Hz, 3 H), 3.38 (brs, 1 H), 3.84 (m, 2 H), 3.98 (q,
J=6.1Hz, 1 H),4.11 (dd, J=7.4,3.3 Hz, 1 H), 4.55 (q,
J=6.1Hz, 1H),4.72(d,/J=74Hz, 1 H),4.86 (d,/=7.4
Hz, 1 H),4.90 (m, 1 H), 5.39 (dd, J=7.4,3.3Hz, 1 H),5.43
(m, 1 H), 5.58 (m, 1 H), 5.64 (m, 1 H), 5.75(dd, /=7.4,3.3
Hz, 1 H), 7.11-7.37 (m, 14 H), 7.40-7.55 (m, 6 H), 7.60 (m,
2 H), 7.81 (m, 4 H), 7.99 (m, 4 H). '*C NMR (75 MHz,
CDCL): 8 =16.1, 16.3, 65.1, 69.5, 70.5, 71.5, 72.3, 73.1,
73.7,74.6,77.4,91.7,97.5, 127.6, 128.0, 128.1, 128.2,
128.2, 128.3, 128.4, 128.5, 129.6, 129.7, 129.8, 129.9,
133.0, 133.0, 133.2, 133.3, 137.3, 137.8, 165.6, 165.9,
165.9. ESI-HRMS: m/z calcd for C,,H,,0,Na: 485.15707;
found: 485.15705.

Schmidt, R. R.; Kinzy, W. Adv. Carbohydr. Chem. Biochem.
1994, 50, 21.

Analytical Data of the a-Anomer

[a]p>° —148.4 (¢ 1.90, CDCl,). IR (film): 2943, 2867, 1733,
1672, 1464, 1278 cm™!. '"H NMR (300 MHz, CDCl,):
§=124(d,J=6.1Hz,3H),4.29(dd,/J=7.8,3.4Hz, 1 H),
4.55(m,1H),4.61 (d,/J=7.8Hz, 1 H),4.69(d,J=7.8 Hz,
1 H), 4.75-5.81 (m, 2 H), 6.68 (d, J = 3.4 Hz, 1 H), 7.23-
7.33 (m, 7 H), 7.43-7.49 (m, 3 H), 7.62 (m, 1 H), 7.80 (m,
2 H), 7.94 (m, 2 H), 8.66 (s, 1 H). *C NMR (75 MHz,
CDCly): 8 =16.2,67.8,70.3,71.7,72.3,72.6,91.2, 94.5,
127.8, 127.9, 127.9, 128.0, 128.2, 128.3, 128.5, 129.4,
129.5, 129.6, 129.7, 133.0, 133.3, 137.4, 161.4, 165.5,
165.7. ESI-HRMS: m/z calcd for C,oH,4C1;NO,Na:
628.06725; found: 628.06734.
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