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Abstract: The biochemically important deoxysugar 1-deoxy-D-xylulose was synthesized by improved
methods. D-Tartaric acid is the starting material for a synthesis which proceeds via the intermediacy of
2,3,4-tribenzyl-D-threitol. Another, highly efficient route used the Sharpless asymmetric dihydroxylation
of 5-benzyloxy-3-penten-2-one as its key step. These syntheses are especially useful- for isotopic
labeling. © 1998 Published by Elsevier Science Ltd. All rights reserved.

1-Deoxy-D-xylulose is a deoxyketopentose which is important as a biosynthetic precursor to vitamins B,
and Bg in bacteria.l2 It is also a precursor to isoprenoids in bacteria and higher plants3-6 via a non-mevalonate
pathway.” In connection with biosynthetic studies on this latter pathway, various forms of isotopically labeled
1-deoxy-D-xylulose needed to be prepared. The synthetic routes described in this paper were developed to
allow the efficient synthesis of this sugar and to allow its synthesis in several isotopically labeled forms.

L=o H O
HO——H EH054321
H——OH &

CH,OH

Various routes for the synthesis of 1-deoxy-D-xylulose have been published.6:8-11 The reaction of a
protected D-threose with an isotopically labeled methyl Grignard reagent seemed the most convenient method for
labeling of the 1-position with 13C or deuterium.%.10 Benzyl ethers were chosen to be the sole protecting groups
in order to avoid multiple deprotection steps and side reactions during the acidic deprotection of acetonides.9
The required 2,3,4-tribenzyl-D-threose (1)!12 was prepared by Swern oxidation of 2,3,4-tribenzyl-D-threitol
(2),!3 which was synthesized from diisopropyl-D-tartrate in three steps via the known 2,3-dibenzyl-D-threitol
(3) (Scheme 1).14 Quantitative deprotection of the resulting 3,4,5-tribenzyl-1-deoxy-D-xylulose (4)!5 was
achieved by hydrogenation over 10% Pd/C in methanol at ambient temperature and pressure.
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a. NaH, BnBr, THF, r.t. (75%); b. Swemn (89%), c. MeMgBr, Et,0, 0 °C (95% based on 10% recovery of
starting material); d. Swern (88%).

Scheme 1
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A more concise approach to 1-deoxy-D-xylulose was found using asymmetric dihydroxylation (AD) of
(E)-5-benzyloxy-3-penten-2-one (5)16 under the conditions specified by Walsh and Sharpless.!? This reaction
proceeds in high yield and with high stereoselectivity (Scheme 2). The product (5-benzyl-1-deoxy-D-xylulose,
6)18 consistently had a specific rotation [a]p20 = +52.5 (CH2Cly, c=1.17), which matched that reported for the
same material derived from D-tartaric acid.? The product is easily purified by silica gel chromatography, and
cleanly deprotected by catalytic dehydrogenation (10% Pd/C in methanol, quantitative).? Furthermore,
protection at the 5-position prevents the formation of isomeric hemiketals which have been found to complicate
the purification and analysis of 1-deoxy-D-xylulose derivatives when the 5-hydroxy! group is left unprotected.10
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a. CHyCl,, r.t. (82%); b. modified AD-reaction (86%); ¢. H, 10% Pd/C, MeOH, r.t. (quantitative); d. BCHaMgl,
Et,0, 0 °C (77%); e. Swem (79%); 1. LiAlH,

Scheme 2

The enone starting material (5) for the AD-route is readily synthesized, permitting isotopic labeling in
various positions. A Wittig route to the enone!? (E/Z product ratio 12:1) enables deuterium to be conveniently
introduced into either the 3- or the 4 positon of 1-deoxy-D-xylulose.20 A second route to the enone 5 enables
labeling of the 1-position of 1-deoxy-D-xylulose via the reaction of isotopically labeled methyl Grignard
reageats (e.g. [13C]-MeMgl) with (E)-4-benzyloxy-2-butenal (7).2! A third route starts from progargyl alcohol
8,22.23 available from benzyl propargyl ether24 and acetaldehyde. Lithium aluminum hydride reduction of 8
gives the allylic alcohol 921.25 in the E-configuration. Complete deuteration of the 3-position is obtained by
using LiAIDy, while the 4-position is cleanly deuterated by quenching the reduction reaction with D20.

1-Deoxy-D-xylulose could also be synthesized with deuterium in the 1-position by an exchange reaction.
The methy! protons of 5-benzyl-1-deoxy-D-xylulose were readily exchanged in 20 mM NaOD in 90%
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CH30D/D20. Under these conditions no exchange was detected by 2ZH-NMR at the 3-position, although
exchange at the 3-position (with epimerization) resulted when 0.5 M NaOD was used. Mild acidic conditions
(20 mM DCl in 90% CH30D/D,0) caused no detectable exchange.
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