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Abstract — As the 1°-hydroxyl group of sucrose is well known to be less reactive
than other primary alcohols, there are no reports on the substitution of a phenoxy
group at this position. Chemo-enzymatic synthesis of photoreactive
1’-phenoxy-substituted sucrose was examined to elucidate the functional analysis

of sweet receptors.

Humans can discriminate five basic tastes: saltiness, sourness, sweetness, bitterness, and umami.!
Sweetness is one of the most important tastes because it is related to food acceptance.? Sweet taste
qualities are generally regarded as appetit sensations of an energy source. Sucrose and fructose are
recognized as sweet but not all sucrose and fructose derivatives are sweet, even if a substitution is
introduced into one hydroxyl group. The detailed relationship of the structure and biological activity has
not been completely clarified. Photoaffinity labeling is one of the methods used in the study of the
interactions of low molecular bioactive compounds with biomolecules.® Various photophores, such as
benzophenone, arylazide and 3-(trifluoromethyl) phenyldiazirine, are used to elucidate the ligand-receptor
or substrate-enzyme interactions. Chemical designs are important for applications of photoaftinity
labeling to elucidate the functional analysis of sweetness. We have reported that diazirinyl photophore
was appropriate for the analysis of sweet receptors.* It was found that several sucrose-based

oligosaccharides have sweet activities and 1-kestose (GF2), which has an additional fructose, was linked
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at 1’-position of the fructose unit of sucrose and acted as a sweetener.” The results indicated that the
1’-position of the sucrose will be acceptable for substitutions. Although selective esterification of 1°-
position was achieved by biotransformation,® the ester linkage seems easily hydrolyzed under
physiological conditions and metabolism during analysis. On the other hand, ether (phenoxy) linkages
seem more stable than esters for functional analysis.” The Mitsunobu reaction of one of the most popular
reactions for the formation of ether linkages between different alcohols.® Etherification” and azidation'® of
sucrose have been reported at 6- and 6’-positions, but to the best of our knowledge, there is no report on
substitutions at sucrose 1’-position via ether linkage. We here present the novel synthesis of 1’-phenoxy

derivatives of sucrose, including trifluoromethyldiazirinyl moiety as the photophore for photoaffinity

labeling.
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Scheme 1. Enzymatic hydrolysis of octaacetylsucrose (1) with Alcalase 2.4L. (a) 1) Alcalase, 0.1 M
sodium phosphate (pH 7.0) — DMF (3 : 1), 37 °C; (b) Time course of proportions of the hydrolysis

products of 1. Compounds 2, 3 and 4 (isolated yields) are represented by circles, diamonds and triangles,
respectively.
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Selective deprotection of 1’-position has to be achieved to prevent the reaction of other primary alcohols
at 6- and 6’-positions. Several synthetic routes that have been reported for protected sucrose derivatives
exclude 1’-position, but their routes needed several steps.! It has been reported that selective enzymatic
hydrolysis of octaacetylsucrose 1 with Alcalase at the 1’-acetyl group seems suitable for the purpose.’
The previous reports presented only the results of the main product after 24 and 72 hours. Our detailed
investigations of the time course of the reaction mixture revealed that maximum selective hydrolysis of 1
at 1’-position afforded 2 by incubation at 37 °C for 24 hours with Alcalase 2.4L. The hydrolyzed 2 also
became the substrate for further hydrolysis at 6’-position, affording 4. Although 4 was detected after
12-hour incubations, monohydrolyzation at 6’-position (3) was less observed (Scheme 1).22

Compound 2 was subjected to the Mitsunobu reaction with p-nitrophenol 5. To use minimum reagents,
equivalent amount of p-nitrophenol was reacted under diisopropyl azodicarboxylate (DIAD) and
triphenylphosphine (Ph;P) (each 1.5 equivalents) at room temperature, but no product was detected after
4 days. The products were detected when the reaction mixture was warmed at 50 °C and the yield was
moderate (45%) after 40 hours. We found that the Mitsunobu reaction rate of 2 was dependent on the
reaction temperature. Isolation yield became maximum when the reaction was subjected with 2

equivalents of DIAD and PhsP at 60 °C for 20 hours (Scheme 2, entries 1-5).1*
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nitrophenol | DIAD, Ph,P | temperature | time product
entry (eq) (eq) (°C) (h) | (yield %)
1 5 (1) 1.5 rt 96< 0

2 5(1) 1.5 50 40 7 (45)

3 5(1) 1.5 60 20 7 (85)

4 5(1) 1.5 80 20 7 (85)

5 5(2) 2 60 20 7 (90)

6 6 (1) 1.5 60 20 8 (85)

7 6 (2) 2 60 20 8 (85)

Scheme 2. Mitsunobu reaction of sucrose derivative (2) and nitrophenols (5 and 6).
1) DIAD, PhsP, toluene
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o-Nitrophenol 6 was same reactivity for the Mitsunobu reaction of 2 (Scheme 2, entries 6, 7). Compared
with previous results of the Mitsunobu reaction at 6’-position of sucrose.” the reactivity of 1’ hydroxyl
group in sucrose was lower than other sucrose primary alcohols and heating was required to react with
compound 2, despite using o- or p- nitrophenol, which are good reactants for the Mitsunobu reaction.

m-Diazirinyl phenol 9*> was subjected to the Mitsunobu reaction with compound 2 to synthesize
photoaffinity label reagents. The reaction under established conditions of previous experiments for
nitrophenols (equivalent phenol and 1.5 equivalents of DIAD and PhsP at 60 °C) was applied for 9, but no
condensation product was detected after 24 hours. Various proportions of the phenol and reactants were
tested and the results indicated that excess m-diazirinyl phenol 9 was needed to obtain the condensation
product 11*¢ (Scheme 3, entries 1-6). The m-diazirinyl phenol 9 was less reactive than p- or o-
nitrophenols for the Mitsunobu reaction, because there was no electron-withdrawing group at the o- or
p-position against the hydroxyl group. Furthermore, the 1’-hydroxyl group was less reactive than the
other hydroxyl groups, and excess reactant and reagents were needed for the reaction to proceed under
heating. The Tsunoda reagent (cyanomethylenetributylphosphorane)™? were also subjected to the reaction,

but no improvement was observed in the reaction with compound 9.
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diazirinyl phenol DIAD, Ph,P | temperature | time | product
entry (eq) (eq) (°C) (h) | (yield %)
1 9(1) 1.5 60 24 | 11(0)
2 9 (1.5) 24 60 24 | 11(0)
3 9(3) 5 60 24 | 11(7)
4 9 (1) 1.5 60 24 | 11(0)
5 9 (7.5) 1.5 60 24 | 11 (10)
6 9 (7.5) 7.5 rt 24 | 11 (0)
7 10 (7.5) 1.5 60 24 | 12(0)

Scheme 3. Mitsunobu reaction of sucrose derivatives (2) and m- or p- diazirinyl phenols (9 and 10).
1) DIAD, PhsP, toluene

p-Diazirinyl phenol 10** was also subjected to the Mitsunobu reaction. The triflluoromethyldiazirinyl

moiety at p-position against the hydroxyl group acts as a relative electron-withdrawing characteristic in
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the alkyl substituent due to electron negativity at the tertially carbon atom, but no reaction was observed
at room temperature and the diazirinyl group was decomposed when the reaction was subjected at 60 °C.
The p-diazirinyl phenol 10 has been utilized to form ether linkage in the Mitsunobu reaction in previous
reports.’® The reported reaction was set at room temperature for all compounds with good yields. Our
results indicated that Mitsunobu reaction of sucrose derivative 2 and diazirinyl phenols 9 or 10 were
regulated by two factors. One is low reactivity of the 1’-hydroxyl group of sucrose. The other is thermal
stability of the diazirinyl group under the condition (Scheme 3).

1’-O-aryl heptaacetylsucroses 7, 8 and 11 were subjected to deacetylation with NH3;-methanol at room
temperature to afford 1’-substituted sucroses 13, 14 and 15, respectively, with good yields without

decomposition of the substituent.™
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11 R, R2= H, R3 =F:C—~/ 15R%, R2= H, R3 =FsC—

Scheme 4. Deprotection of 1’ modified acetylsucrose derivatives (7, 8 and 11)
i) NH3-MeOH, 90~95%

The establishment of chemoenzymatic modification at the less reactive 1’-position of sucrose will be
useful to elucidate the functional analysis of sweet receptors. Bioactivities of the synthetic compounds for

the sweet receptor are now under investigation.
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