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Abstract: Novel peptide mimetics of GDP-fucose were designed
and synthesized targeting inhibitors of the fucosyltransferases that
transfer L-fucose from GDP-fucose to oligosaccharides, on thebasis
of the background that nikkomycin Z, a peptide mimetic of UDP-N-
acetylglucosamine, shows potent inhibitory activity toward an N-
acetylglucosamine transfer enzyme. The synthetic routes of the
GDP-fucose mimetics take advantage of an enzymatic aldol reac-
tion catalyzed by L-threonine aldolase to prepare the guanine carry-
ing B-hydroxy-a-L-amino acid, akey synthetic intermediate.
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A group of fucosyltransferases that transfer an L-fucose
unit from guanosine 5’-diphospho-B-L-fucose (GDP-
fucose, 1) to D-galactose or N-acetyl-D-glucosamine
residues of glycoconjugates forms a family of glycosyl-
transfer enzymes, which utilize sugar nucleotides as the
substrates of glycosyl donors. The biological functions of
the fucosyltransferases, which afford L-fucosylated oli-
gosaccharides, e.g., Le¥ and Le, have been revealedin the
last decade.! The activity of an a-1,2-fucosyltransferase,
for instance, affects the immune responses to bacteria
infection through the mucous membrane since a glyco-
protein related to the immunity is activated to secrete into
the mucous liquid by the fucosylation.? Moreover, the
activities of the fucosyltransferases including the above
enzyme are, in general, hereditary. Therefore, the selec-
tive inhibitors and/or inducers of the fucosyltransferases
are promising candidates targeting custom-made medi-
cine that is usable for specific patients or their families
having the same gene. However, only a few tediously
prepared inhibitors have been reported so far.®

Targeting useful and easily available inhibitors of the fu-
cosyltransferases, we designed novel peptide mimetics
of GDP-fucose (2a, 2b) on the basis of the fact that an
N-acetylglucosamine transfer enzyme, which utilizes
uridine 5’-diphospho-N-acetyl-a-D-glucosamine (UDP-
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Figurel Structure of sugar nucleotids and their mimetics

GIcNAC, 4) as the substrate, was potently inhibited by
nikkomycin Z (3),* amimetic of 4 (Figure 1).°

Upon designing the GDP-fucose analogs (2a, 2b), we fo-
cused on the fact that the C-terminal’ s peptide bond that
also exists in the structure of 3 can be a bioisoster of the
diphosphate part of 1 aswell asthat of 4in terms of having
the negative charge and high polarity. In addition, the hy-
droxyl groups at the B-position of the guanine-carrying
amino acid partsin 2a and 2b were expected to behave as
the 2’- and/or 3’-hydroxyl group of 1.
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Scheme 1 Preparation of guanine carrying amino acids 5a,b and
their benzyl esters 10a,b

In the present paper, we report the facile synthesis of 2a
and 2b, in which the L-threonine aldolase-catalyzed reac-
tion, an enzymatic aldol reaction,® is advantageous in
preparing the guanine carrying -hydroxy-a-L-amino acid
with the L-erythro configuration (5a)’, a key synthetic
intermediate.

2-Amino-6-chloropurine (6) and 2-bromo-1,1-diethoxy-
ethane (7) were heated in the presence of potassium
carbonate at 100 °C in DMF to give a-(2-amino-6-chloro-
prin-9-yl)acetaldehyde diethylacetal (8, 58%). The di-
ethyl acetal 8 was hydrolyzed with 1 M hydrochloric acid
to aldehyde 9 and the reaction mixture was diluted with
Tris-buffer (pH 7.5, 200 mM). After adding glycine (50
equiv to 9) and L-threonine aldolase solution (450 units/
200 mL) from Candida humicola (AKU 4586), the reac-
tion mixture was incubated at 30 °C for 24 hours. Heating
the reaction medium at 100 °C for 30 minutesto terminate
the reaction, followed by celite filtration, evaporation in
vacuo, and purification by column chromatography on
ODS eluted with hot water (50 °C) afforded guanine car-
rying B-hydroxy-a-L-amino acid (69%, 2 steps), abeit a
mixture of erythro (5a) and threo (5b) isomers.® Separa-
tion of these stereoisomers was attained by converting to
benzyl esters 10a,b in 3 steps [protection of the amino
group of 5a and 5b with t-butoxycarbonyl (Boc) group,
making cesium salt of the carboxylic acid, reaction with
benzyl bromide, and treatment with 1 M HCI/EtOAc], and
the following purification by silica gel column chroma-
tography (CHCl;:MeOH:H,0 = 8:1.7:0.1).

On the other hand, L-fucose (11) was derived to 1-O-(4-
pentenyl)-a-L-fucose (12a) and/or 1-O-(4-pentenyl)-p-L-
fucose (12b), since the termina olefins of these L-fuco-
sides can be derived with oxidative agents to carboxylic
acid to form an amide bond with the a-amino group of
10a. L-Fucose (11) wasfirst treated with 4-pentenol in the
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presence of camphor sulfonic acid to afford a mixture of
a-L-fucoside (12a) and p-L-fucoside (12b, 71%), and L-
fucofuranoside (18%) albeit obtained the yield of L-fu-
copyranoside (12a,b) was no higher than that of the
literature.® Acetylation of the L-fucopyranoside mixture
made the separation of the two isomers possible by silica
gel chromatography (n-hexane:EtOAc = 7:1) to afford 1-
O-pentenyl 2,3,4-tri-O-acetyl-a-L-fucoside (13a)° and 1-
O-pentenyl 2,3,4-tri-O-acetyl-B-L-fucoside (13b)** (93%)
in the ratio of 65:35.
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Me O
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W
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Scheme2 Preparation of 1-O-pentenyl fucosides (13a,b)

Neighboring group participation effect of the benzoyl
group at the C-2 position was used to obtain 1-O-penteny!
B-L-fucoside derivative as a predominant product.
la,2,3,4-Tetra-O-benzoyl-L-fucose was, namely, treated
with HBr/HOAc in acetic anhydride and dichloromethane
to afford 1-bromo-2,3,4-tri-O-benzoyl-L-fucose (14).'? 4-
Penten-1-ol was L-fucosylated with 14 in the presence of
silver triflatein arelatively polar mixed solvent composed
of acetonitrile, dichloromethane, and diethyl ether (1:1:1)
to give 1-O-(4-pentenyl) 2,3,4-tri-O-benzoyl-B-L-fuco-
side (15, 80%, 2 steps). Debenzoylation with sodium
methoxide followed by acetylation gave 13b (93%).
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Scheme 3 Respective preparation of a- and p-L-fucosides (13a,b)
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Scheme 4 Preparation of fucose carboxylates (19a,b)

On the other hand, 1-O-penteny! a-L-fucoside derivative
can be solely prepared by using an anomeric effect in a
non-polar solvent. 4-Penten-1-ol was L-fucosylated with
1-chloro-2,3,4-tri-O-benzyl-a-L-fucose  (16), prepared
from 1-O-methyl 2,3,4-tri-O-benzyl-L-fucoside (17) with
dichloromethoxy-methane/ZnCl, in CHCI,, to afford 1-O-
(4-pentenyl) 2,3,4-tri-O-benzyl-a-L-fucoside (18, 2 steps,
50%).® Debenzylation of 18 under Birch reduction condi-
tions followed by conventional acetylation gave 13a
(50%).

Both a- and B-L-fucosides (13a,b) were respectively treat-
ed with ruthenium tetroxide to afford 1-O-(1-carboxyl-
butyl-4-oxyl) 2,3,4-tri-O-acetyl-a-L-fucoside (19a) and
1-O-(1-carboxylbutyl-4-oxyl)  2,3,4-tri-O-acetyl-p-L-fu-
coside (19b) in excellent yields.

Finally, both of the erythro isomer of guanine carrying
amino acid (10a) corresponding to the nucleotide part,
and the sugar units (19a and 19b) were coupled with
DCC/HOBt/NMM to give fully protected GDP-fucose
analogs (20a,b)*>6 (43% and 83%, respectively). Cleav-
age of the acetyl groupsin 20a and 20b with sodium meth-
oxide in methanol smoothly proceeded and was aso
accompanied with ester exchange from benzyl to methyl
ester, which was quantitatively hydrolyzed in agueous
sodium hydroxide to afford the target molecules 2al’ and
2b™8,

19a, DCC, HOBt, NMM

10a —

DMF

43% Me
OAc
OAc
OAcC
19b, DCC, HOBt, NMM
10a —mM8Mm
DMF Me o o\/\)J\
83% dac OAc
OAc 20b

Scheme5 Synthetic route of peptidic mimetics of GDP-fucose (2a,b)

Neither 2a nor 2b unfortunately showed inhibitory activi-
ty toward fucosyltransferases (FUT-3, FUT-6),'%?° how-
ever, this result and structure comparison of 2a,b with 3
provided useful information in that both the hydroxyl and
amino groups on the y-hydroxybutyric chain were found
to beindispensable for the incorporation into the glycosyl-
transferases by forming a chelate with M?* or Mg, the
essential metal ion for glycosyltransferase-catalyzed reac-
tions. Synthesis of GDP-fucose analogs carrying the hy-
droxyl and amino groups on the y-hydroxybutyric linker
iSnow in progress.
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The assay was performed in 50 mM cacodylate buffer (pH
6.8) containing 5 mM ATP, 10 mM L-Fuc, 25 mM MnCl,,
15 mM acceptor substrate, Gal B1-3GIcNAcB1-3Galp1-

4Gl c-2-aminobenzamide (for FUT 3) or Gal B1-4GIcNAcp1-
3Gal 31-4Gl c-2-aminobenzamide (for FUT 6), 75 uM donor
substrate GDP-Fuc, and 2a or 2b (0 mM for the positive
control; 0.75 mM, and 7.5 mM respectively for the
inhibitory assay). After incubation at 37 °C for 2 hiin the
presence of the fucosyltransferases (FUT 3 or FUT 6), the
enzyme reaction was terminated by heating at 97 °C for 5
min followed by adding H,O. After centrifugation of the
reaction mixture, in order to detect the fucosylated products
and estimate their amounts, each supernatant was filtered
and subjected to reverse-phase HPLC analysis on TSK-gel
ODS-80Ts QA column (4.6 x 250 mm; Tosoh, Tokyo,
Japan) and el uted with 20 mM ammonium acetate buffer (pH
4.0) containing 7% MeOH at flow rate of 1.0 mL/min at
50 °C, with monitoring by afluorescence spectrophotometer
(JASCO FP-920; Nihon Bunkoh, Tokyo, Japan).
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