Catalytic production of chiral polyols using deoxydehydration of methyl
glycosides over ReO,-Pd/CeO, without protecting OH groups
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Abstract: Catalytic conversion methyl glycosides with maintaining the intrinsic stereostructure is
desirable to make full use of sugars, however, it is not easy to apply the catalytic reactions to the
conversion of sugars because of too high reactivity of sugars. Therefore, the protection and
deprotection of the OH groups is needed for the transformation of sugars. In contrast, we found that
ReO-Pd/CeO, catalyst was effective to deoxydehydration of methyl glycosides with cis-vicinal OH
groups to corresponding dideoxy products in high yield, which can be easily converted to chiral
polyols.
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1. Introduction

Biomass-derived chemicals are attractive starting materials to substitute fossil resources. Since
oxygen content is usually high in these biomass-derived materials compared with most value-added
chemicals, which have been produced mainly by petrochemical industries, deoxygenation is an important
step in the conversion of biomass to value-added chemicals. A typical method for the deoxygenation is
hydrodeoxygenation such as C-O hydrogenolysis, for example, glycerol to 1,2- and 1,3-propanediols and so
on'. Another method is deoxydehydration (DODH), which converts vicinal OH groups to one C=C double
bond. It has been known that Re, V, and Mo homogeneous and heterogeneous catalysts, especially Re, have
the catalytic activity in DODH reactions of polyols and so on. In these DODH reaction systems, non-H,
reductants such as PPh;, sulfite, metal, hydroaromatics and alcohols have been used, and this is because H,
is not used as a reductant for much lower yields of the DODH products. In contrast, heterogeneous ReO,—
M/CeO, (M=Pd and Au) catalysts have been recently developed and these enabled H, as a reductant™®. The
catalysts are applicable to the conversion of 1,4-anhydroerythritol to tetrahydrofuran or 1,4-butanediol,
erythritol to butanediols, glycerol to allyl alcohol, and erythritol to 1,3-butadiene and so on. Here, ReO,—
Pd/CeO, was applied to the deoxydehydration reaction of various methyl glycoside with cis-vicinal OH
groups, and obtained dideoxy products were also converted to value-added chemicals such as chiral triols
and so on.

2. Experimental

CeO; (Daiichi Kigenso Co., Ltd., HS, BET surface area: 87 m’ g'l, after calcination at 873 K
for 3 h) was used. ReO,—Pd/CeO, (Re=2 wt%, Pd/Re=1/4) was prepared by a sequential impregnation
method on the basis of the previous reports®>. Rh—ReO,/SiO, (Rh = 4 wt%, Re/Rh = 1/2) was prepared by a
sequential impregnation method on the basis of the previous report'. The activity tests were carried out using
the autoclave reactor.

3. Results and discussion

ReO,—Pd/CeO, catalyst catalyzes DODH reaction and subsequent hydrogenation of C=C of the
DODH product. Methyl B-D-ribofuranoside and methyl B-L-arabinopyranoside have cis-vicinal OH groups,
and they were removed by the DODH and hydrogenation reactions over ReO,—Pd/CeO, and corresponding
dideoxyproducts were obtained in high yield (Scheme 1). An important point is that cyclic structure should
be maintained for high selectivity, therefore, methyl glycosides were used for this reaction. After the
DODH-+hydrogenation reactions, H,O was added to the solutions containing the dideoxyproducts and then



H, was pressurized. The dideoxy products were converted to (2S)-1,2,5-pentanetriol and (2R)-1,2,5-
pentanetriol in high yield and high ee (Scheme 1). The high ee is due to the retention of stereostructure of
the methyl glycoside substrates. Tetrahydrofurfuryl alcohol was also obtained from the dideoxyproduct of

methyl B-D-ribofuranoside.
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Scheme 1. Synthesis of chiral building blocks and a,m-diol synthon. (A) Formation of dideoxy ribofuranose,
(25)-1,2,5-pentanetriol and tetrahydrofurfuryl alcohol from methyl 3-D-ribofuranoside. (B) Formation of
(2R)-1,2,5-pentanetriol from methyl B-L-arabinopyranoside.

4. Conclusions

ReO,-Pd/CeO, was an effective heterogeneous catalyst for the direct and selective conversion of
methyl glycosides with cis-vicinal OH groups to dideoxy glycosides without protection of OH groups by
deoxydehydration and subsequential hydrogenation using gaseous H, as a reductant. Various methyl
glycosides with cis-vicinal OH groups were converted to the corresponding dideoxy glycosides in high
isolated yields with maintaining the intrinsic structure. The obtained dideoxy glycoside can be selectively
transformed to the chiral polyols in high yield and high ee by hydration and hydrogenation.
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