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Elucidation of the 2-C-methyl-D-erythritol 4-phosphate pathway
for isoprenoid biosynthesis: straightforward syntheses of
enantiopure 1-deoxy-D-xylulose from pentose derivatives
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Abstract—Optically pure 1-deoxy-D-xylulose, a key metabolite for feeding experiments in the methylerythritol phosphate pathway
for isoprenoid biosynthesis, is conveniently synthesised from 1,2-O-isopropylidene-a-D-xylofuranose or from D-arabinose. This
renders labelling with hydrogen isotopes possible. © 2001 Elsevier Science Ltd. All rights reserved.

1-Deoxy-D-xylulose 5-phosphate is the first C5 inter-
mediate in the mevalonate independent methylery-
thritol phosphate (MEP) pathway for isoprenoid
biosynthesis, occurring in bacteria and plant plastids.1

Although not directly an isoprenoid precursor, the
corresponding free pentulose is easily incorporated
into most isoprenoids synthesised by this pathway.
Unlabelled deoxyxylulose is required for supplementa-
tion of mutants with a disrupted deoxyxylulose phos-
phate synthase gene (dxs), which are used for the
identification of the unknown steps of the pathway.

Deuterium-labelled isotopomers of isoprenoid precur-
sors, such as deoxyxylulose or methylerythritol, were
required for the detection of the branching in the
MEP pathway leading in Escherichia coli separately
to IPP and DMAPP from an unknown common
intermediate.2 Therefore, the interest in deoxyxylulose
increased rapidly and several synthetic approaches,
often based on D-tartrate derivatives as starting mater-
ial, were reported during the last 5 years and
proved useful for the synthesis of deuterium-
labelled isotopomers.2a,3 The reported deuterium con-

Scheme 1. Chemical synthesis of 1-deoxy-D-xylulose from 1,2-isopropylidene-a-D-xylofuranose: (i) NaH, Bu4NI, 18-crown-6,
BnBr, THF (97%); (ii) 0.25 M HCl, dioxane/water (3:1), 90°C (78%); (iii) (a) NaIO4, dioxane/water (2:1); (b) AgNO3,
dioxane/water (4:1), 2 M KOH; (c) CH2N2, ether (90%); (iv) CH3Li, THF, −100°C (72%); (v) H2, Pd/C, MeOH (98%).

Keywords : 1-deoxy-D-xylulose; methylerythritol phosphate; biosynthesis; isoprenoids; 2-C-methyl-D-erythritol phosphate; terpenoids.
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tent was however not always quantitative, or the depro-
tection steps often resulted in significant unexpected
deuterium losses. Only two syntheses of deoxyxylulose
have been described starting from a carbohydrate
derivative.4 In this contribution, two syntheses of enan-
tiopure 1-deoxy-D-xylulose are proposed, including the
possibility of deuterium-labelling at C-1 and/or C-4.

1-Deoxy-D-xylulose 6 was easily synthesised from com-
mercially available 1,2-O-isopropylidene-a-D-xylofura-
nose 1, which presents the required configuration of the
two asymmetric carbons of 1-deoxy-D-xylulose 6
(Scheme 1). Benzylation of the two hydroxy groups of
the 1,2-O-isopropylidene-a-D-xylofuranose 1 followed
by hydrolysis of the acetonide in acidic conditions
afforded the 3,5-O-dibenzyl-D-xylofuranose 3. The free
sugar was successively oxidised with NaIO4 and
AgNO3–KOH to give 2,4-O-dibenzyl-D-threo-trihy-
droxybutanoic acid, which was subsequently esterified
with diazomethane.5 Addition of methyllithium to this
ester 4,6 followed by a catalytic hydrogenation over
palladium on charcoal gave 1-deoxy-D-xylulose 6.

This synthesis of enantiopure 1-deoxy-D-xylulose is
very efficient (seven steps, but the isolation of interme-

diates was not always necessary) with a 48% overall
yield. This approach allows the 2H or 13C labelling on
the C-1 methyl group, but could not be used to prepare
the enantiopure 1-deoxy-D-xylulose with 2H labelling at
C-4 required for the detection of the branching in the
MEP pathway.2 Another synthetic route was therefore
developed, starting from D-arabinose (Scheme 2).

The initial step of this alternative synthesis was the
conversion of arabinose 7 onto its thioacetal.7 Treat-
ment of the arabinose thioacetal 8 with t-
butyldiphenylsilyl chloride in dimethylformamide in the
presence of imidazole resulted in a highly selective
protection of the primary hydroxy group to afford the
silyl ether 9 in 94% yield. Deprotection of the thioacetal
moiety in 9 by treatment with a mercury(II) derivative
in acetone was followed by the formation of an ace-
tonide in the presence of a catalytic amount of acid to
give the arabinofuranose derivative 10 with only the
C-3 hydroxyl group unprotected.8 The configuration
was inverted at C-3 by Swern oxidation9 to the interme-
diate ketone, followed by highly stereoselective reduc-
tion with sodium borohydride to yield the
xylofuranoside 11.10 The presence of the 1,2-O-iso-

Scheme 2. Chemical synthesis of 1-deoxy-D-xylulose from D-arabinose: (i) EtSH, HCl (70%); (ii) TBDPSCl, imidazole, DMF, 0°C
(94%); (iii) (a) HgO, HgCl2, acetone; (b) CuSO4, acetone, H+ (84%, two steps); (iv) (a) (COCl)2, DMSO, TEA, CH2Cl2, −78°C
to −35°C; (b) NaBH4 or NaBD4, EtOH (71%, two steps); (v) NaH, Bu4NI, 18-crown-6, BnBr, THF (80%); (vi) 80% AcOH, H2O
(83%); (vii) (a) NaIO4, H2O, MeOH; (b) NaBH4, EtOH (97%, two steps); (viii) (a) NaH, Bu4NI, 18-crown-6, BnBr, THF; (b)
Bu4NF, THF (74%, two steps); (ix) (COCl)2, DMSO, TEA, THF, −78°C to −35°C and CH3MgCl or CD3MgI, −10°C (98%); (x)
(COCl)2, DMSO, TEA, CH2Cl2, −78°C to −35°C (91%); (xi) H2, Pd/C, MeOH (98%).
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propylidene group on the b-face of the furanoside
directed the reduction of the oxo group by hydride (or
deuteride) from the less hindered a-face to afford the
xylofuranose 11 with the required configuration. Confir-
mation of the structure of 11 was achieved by NOESY
NMR experiments on derivative 12 after benzylation of
the secondary hydroxy group. The NOEs between H-1
and H-2 confirmed the anomeric b configuration. The
position of the proton at C-3 on the a-face of the
furanose ring was supported on the one hand by strong
NOEs between H-2, H-4 and the H-3, and on the other
hand by medium NOEs between H-3 and H-1. The
acetonide protection of 12 was hydrolysed with 80%
aqueous acetic acid to yield a mixture of the two
anomers 13 in 83% yield.11 Smooth oxidative cleavage
occurred on treatment of diol 13 with sodium metaperi-
odate in aqueous methanol to give an aldehyde in
almost quantitative yield. This aldehyde was immedi-
ately reduced with sodium borohydride to afford 2-O-
benzyl-4-O-(t-butyldiphenylsilyl)-D-threitol 14.

Benzylation of this diol 14 and deprotection of the silyl
ether yielded the 1,2,3-O-tribenzyl-D-threitol 15. One-
pot oxidation and nucleophilic addition of methylmag-
nesium chloride was achieved using the Swern–Ireland
procedure.12 A Swern oxidation of the resulting mixture
of diastereomeric alcohols afforded 3,4,5-O-tribenzyl-1-
deoxy-D-xylulose 16. Quantitative deprotection of 16
was achieved by hydrogenation over 10% Pd/C in
methanol at room temperature and atmospheric pres-
sure to afford 1-deoxy-D-xylulose 6 in 16% overall
yield. This second synthetic route allowed deuterium
labelling at C-1 and/or C-4. The deuterium content was
around 83–93% at C-4, according to 1H and 13C NMR
of the tribenzyl derivative 16 of deoxyxylulose, depend-
ing on the sodium borodeuteride batch (98% expected
isotopic abundance). In contrast, no proton was
detected at C-1 when trideuterated methylmagnesium
iodide (isotopic abundance>99%) was used.
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