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ABSTRACT
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p-Mannono-1,4-lactone was efficiently converted into L-ribose in eight steps. A key step of this synthesis is the cyclization of a
y-hydroxyalkoxamate under Mitsunobu conditions. It is noteworthy that the O-alkylation product was obtained in 94% yield and that none of

the N-alkylation product was detected in this cyclization.

Since Miller reported several efficient biomimefidactam
syntheses based on the intramoleciaalkylation of 5-hy-
droxyalkoxamates under Mitsunobu conditidresconsider-

novel, practical synthesis of the rargyranoses (Scheme
1).
These successful results prompted us to investigate the

able number of studies have been conducted on this type ofintramoleculaiO-/N-alkylation of they-hydroxyalkoxamate

intramolecular cyclizatioA.Recently, we reported the intra-
molecularO-/N-alkylation of 5-hydroxyalkoxamates derived
from b-glycono-1,5-lactone%.In contrast to/S-hydroxy-
alkoxamates, we found that the cyclization &hydroxy-
alkoxamates resulted mainly i@-alkylation rather than
N-alkylation. Taking advantage of the structural relationship
betweenp-glucose and -idose,p-galactose and-altrose,
and p-mannose and-gulose, we utilized the-alkylated

derived fromp-mannono-1,4-lactone in the hope of develop-
ing a practical synthesis afribofuranose. In the past decade,
the number of reports afnucleosideshas increased drama-
tically due to their potent biological activity as antiviral
agents Thus, an efficient method of producing the rare
sugarL-ribofuranose, would be extremely benefi@alerein
we describe the novel and practical conversiorpahan-
nono-1,4-lactone inta-ribose. The key feature of the se-

products, which had the inverted stereochemistry at C5, asquence i€0-alkylation of y-hydroxyalkoxamates with inver-

precursors for the correspondingsugars and developed a
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sion of the stereochemistry at C4 under Mitsunobu conditions.
As shown in Scheme 2, the readily available 2,3,5,6-di-
O-isopropylidenes-mannono-1,4-lactorfes was first con-
verted into the/-hydroxyalkoxamat®. Treatment ob with
O-benzylhydroxyamine (1.4 equiv) in GEI, for 30 min,
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Scheme 1. Synthesis of -Pyranoses from Scheme 2. Synthesis of-Ribose fromp-Mannono-1,4-lactone
p-Glycono-1,5-lactones
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L-ldo. L-Altro L-Gulo was treated with Nal@to providel0in 87% yield. Of the

methods examined for the reduction of the aldehyde moiety
of 10, hydrogenolysis using Pt@s a catalyst gave the best
followed by addition of MeAl (1.1 equiv) at room temper-  results. Finally, acidic hydrolysis to deprotect the isopropyl-
ature, afforded the correspondipgnydroxybenzyloxamate  idene group afforded-ribose in 83% yield froml0. Thus,
6in 88% yield® We next examined the cyclization 6funder the conversion ob-mannono-1,4-lactone to-ribose was
Mitsunobu condition%(3.0 equiv of TPP and 3.0 equiv of accomplished efficiently in 50% overall yield.
DEADY). Fortunately,7 was obtained as the sole product  Having obtained these successful results, we next turned
in 94% yield. It is noteworthy that none of ti¢-alkylated  our attention to the ratio oD-/N-alkylated products in the
product was detected. Treatment of @ecyclized oxime  reaction ofy-hydroxyalkoxamates under Mitsunobu condi-
compound7 with p-TSOH monohydrate (1.0 equiv) in tions. In a previous paper, we reported that the significant
acetone at room temperature gavgulono-1,4-lacton&in difference in the ratios 0O-/N-alkylation was dependent
89% yield. Compound crystallized, and the inversion of  on the stereochemistry of tiesugars: thé-hydroxyalkox-
stereochemistry at C4 was shown by X-ray crystallography. amates (2a2b) derived fromp-glucono-1,5-lactong¢a and
The carbonyl moiety 08 was reduced by excess DIBAL to  p-galactono-1,5-lactondb provided a mixture ofO-/N-
provide 96% of 2,3,5,6-di-O-isopropylidemegulofuranose  alkylated products, whereas tliehydroxyalkoxamate2c
9. Compound was partially hydrolyzed to the diol, which  derived from p-mannono-1,5-lactondc afforded theO-
cyclized compound3c as the sole product. As for the
G. (QléarZaSténderlTjingn ND nggg:hrllz g |'r3r|1%23'1 IT] I'_:arﬁjerﬁanl_doeleB I hydroxyalkoxamateﬁ we observed Complete SpECIfICIty
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12,13-17. (c) Gumina, G.; Song, G.-Y.; Chu, C. REMS Mirobiol. Lett  the O-/N-alkylation using different protective groups in order
2001, 202, 9-15. (d) Chen, S.-Hront. Biotechnol. Pharm2001, 2, 307~ to determine if the configuration of the-hydroxyalkoxa-
22?._(62 Graciet, J.-C. G.; Schinazi, R.Adv. Antiviral Drug Des.1999, mates was important (Scheme 3).

(8) We found that the later addition of M&l resulted in more enormous The y-hydroxyalkoxamatell derived from 2,3-di©-

acceleration of the reaction than the use of the preceding formationsf Me methoxymethyb mannono-1,4-lactone was eaS|Iy converted
Al-alkoxyamine complex to be considered as an active species. For earlier .

studies on amidation, see: Basha, A.; Lipton, M.. Weinreb, S. M. Into the O-alkylated product2. Similarly, the reaction of

Tet(fgghsdr{m Le't\;,l977, él7lo—s4l7;1- <081 108 the y-hydroxyalkoxamaté3 derived from 2,3-di©-benzyl-
eview: Mitsunobu, ynthesi s . .

(10) To execute the reaction completely, excess amount of Mitsunobu D'mannono'l’df'la_cmne proceeded to give tD'f"a”(yl""ted

reagent is used. product 14. It is interesting to note that nb-alkylated
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Scheme 3. Effect of Protective Groups on the Ratio of Scheme 4. Solvent Effect on Selectivity o©-/N-Alkylation
O-/N-Alkylation
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product was detected in either case. These results indicated
that the steric requirement of the protective groups at C2 transformation ob-sugars to other-sugars based on similar

and C3 did not affect the selectivity of ti@/N-alkylation. concepts and controlling the ratios©f/N-alkylation are in
We next investigated the effect of solvent on this cyclization progress.
(Scheme 4).
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In conclusion. we have established a novel and efficient perimental procedures and characterization data. This mate-

method for the conversion af-mannono-1,4-lactone into rial is available free of charge via the Internet at http:/
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