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2-(Perfluorohexyl)ethoxymethyl chloride was prepared as a

novel fluorous protecting reagent. Neu5Ac aldolase-catalyzed

chemoenzymatic transformation of N-acetyl-D-mannosamine

to Neu5Ac derivatives was achieved successfully by using the

fluorous reagent not only for hydroxy group protection but

also for fluorous tagging. This chemoenzymatic method was

applied to the synthesis of 2-deoxy-2,3-didehydrosialic acid 1

known as a potent sialidase inhibitor.

Sialic acids displayed on the surface of mammalian cells are

involved in many cell-surface interactions including cell–cell

recognition processes, cell adhesion, and viral receptor recogni-

tion.1 Current interests in sialic acid and related molecules stem

from their growing importance in biological systems that

eventually trigger a variety of biological responses.2 Among the

diverse array of compounds related to sialic acid family, 2,3-

unsaturated sialic acid derivatives based on 5-acetamido-2,6-

anhydro-3,5-dideoxy-D-glycero-D-galacto-non-2-enoic acid (1)3

are promising candidates for designing chemotherapeutics agents

against influenza virus.4

The search for rapid and efficient protocols for the purification

of organic compounds is a major concern of modern chemistry.

Fluorous techniques for organic synthesis are very attractive for

strategic separation of reaction mixtures. Early fluorous synthesis

technologies relied on heavy fluorous tags and liquid–liquid

extraction to separate tagged-fluorous molecules from untagged

organics.5 In the recently introduced light fluorous synthesis, fewer

fluorines are used in the tag and the fluorous solid-phase extraction

(FSPE) over fluorous reverse-phase silica gel (FRPS) is proving far

superior to binary liquid–liquid extractions for compounds with

fewer fluorine atoms.6 The fluorous tagging method has the

advantage of allowing the use of silica gel TLC to monitor the

reaction process and allowing us ready purification by a single

chromatographic method, greatly reducing time for isolation.

To our knowledge, there is no application of fluorous tagging

method to chemoenzymatic synthesis of biologically active

carbohydrates. As part of a program aimed at the new sialidase

inhibitors, we described the Neu5Ac aldolase-catalyzed chemoen-

zymatic synthesis of sialic acid derivatives and their inhibitory

activities against enzyme.7 Herein we wish to report the first

chemoenzymatic synthesis of sialic acid derivatives from D-

ManNAc derivative bearing a fluorous protecting group at the

C-6 position of D-ManNAc and its application to synthesis of 1.

Our concept of chemoenzymatic synthesis of 1 using a fluorous tag

is shown in Scheme 1.

The first step of the synthesis of 7 began with the per-

O-acetylation of D-ManNAc, followed by the glycosylation and

subsequent deprotection of O-acetyl group to give a-glycoside 2 in

68% yield in three steps. Compound 2 was protected by

isopropylidene group and then acetylated to give 3 in 84% yield

in two steps. Next, the treatment of 3 with 80% AcOH afforded

diol 4 in quantitative yield. We synthesized 2-(perfluorohexyl)-

ethoxymethyl chloride 58 as a fluorous acetal protecting reagent by

the reaction of 2-(perfluorohexyl)ethanol and paraformaldehyde in

the presence of dry hydrogen chloride. The 2-(perfluorohexyl)-

ethoxymethyl protecting group would have minimal effect on the

reactivity of the attached molecules for enzyme reaction, and might

be useful for separation by the FRPS method. Selective installation

of a fluorous protecting group to the primary hydroxyl function of

4 was successfully carried out with 5 and diisopropylethylamine in

DMF to give 6 in 81% yield. Finally, protective acetyl groups and

the glycosidic benzyl group of 6 were removed to afford substrate 7

in 94% yield in two steps. Compound 7 was obtained in 52% yield

in nine steps from D-ManNAc (Scheme 2).

The crucial incubation of Neu5Ac aldolase9 with 7 and sodium

pyruvate in potassium phosphate buffer (KpB) (pH 7.5) in the

presence of DTT and MgCl2 at 37 uC for 7 days afforded 8 in 62%

yield (Table 1, entry 1), which was desalted by Bio-Gel P-2 gel

filtration chromatography using water and purified by FRPS

chromatography eluting first with 80% MeOH–H2O and then with

MeOH, without tedious and time consuming ion-exchange

chromatography. It should be noted that the addition of HFE-

720010 for improving the solubility of 7 in KpB resulted in

increasing yield of 8 (71%) (Table 1, entry 2).11

As depicted in Scheme 3, after esterification of 8 with

TMSCHN2, further transformation of 9 into 1012 was accom-

plished with the treatment of AcCl, followed by elimination of HCl

with pyridine to give crude 2,3-deoxy sialic acid 10, which was
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separated over FRPS chromatography. Finally, after the stepwise

removal of acetyl groups and methyl ester group, deprotection of

the fluorous acetal group with trimethylsilyl bromide (TMSBr)13

under mildly acidic conditions gave 1.14

In conclusion, we have demonstrated the first chemoenzymatic

synthesis of sialic acid derivatives by using the FSPE technique and

its application to the synthesis of sialidase inhibitor 1. Further

application to the synthesis of the bioactive carbohydrates is now

in progress.
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Scheme 2 Reagents and conditions: (a) (i) Ac2O, pyridine, CH2Cl2, rt,

24 h, (ii) BnOH, BF3?OEt2, CH3NO2, 80 uC, 7 h, (iii) NaOMe, MeOH,

0 uC, 3 h, 68% from D-ManNAc; (b) (i) 2,2-dimethoxypropane, PTSA,
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Table 1 Neu5Ac aldolase-catalyzed reaction using fluorous protect-
ing group

Entry Condition Yield (%)

1 Neu5Ac aldolase KpB (pH 7.5) MgCl2,
DTT, 37 uC, 7 d

62

2 Neu5Ac aldolase HFE-7200-KpB (pH 7.5)
(1 : 5) MgCl2, DTT, 37 uC, 7 d

71

Scheme 3 Reagents and conditions: (a) TMSCHN2, CH2Cl2, rt, 24 h,

quant. from 8; (b) (i) AcCl, rt, 24 h; (ii) pyridine, rt, 1 h, 87% from 9; (c) (i)

NaOMe, MeOH, 0 uC, 2 h; (ii) TMSBr, CH2Cl2, 0 uC, 12 h, 67% from 10.

3094 | Chem. Commun., 2006, 3093–3094 This journal is � The Royal Society of Chemistry 2006


