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Synthesis and activity of two trifluorinated analogues
of 1-deoxy-DD-xylulose 5-phosphate
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Abstract—An improved synthesis of 1,1,1-trifluoro-1-deoxy-DD-xylulose 5-phosphate and an access to the reduced diastereomer mix-
ture analogues 1,1,1-trifluoro-1-deoxy-DD-xylitol 5-phosphate and 1,1,1-trifluoro-1-deoxy-DD-lyxitol 5-phosphate are described. Inhib-
itor activity of all compounds on the MEP pathway for isoprenoid biosynthesis was evaluated.
� 2006 Elsevier Ltd. All rights reserved.
In animals, fungi, plant cytoplasm, archaebacteria and
some eubacteria, isopentenyl diphosphate and dimethyl-
allyl diphosphate, the precursors of isoprenoids, are syn-
thesized through the mevalonate pathway,1 while they
derive from the more recently discovered methylerythri-
tol phosphate (MEP) pathway in most bacteria, in the
chloroplasts of all phototrophic organisms and in some
unicellular eukaryotes, including Plasmodium falcipa-
rum, the parasite responsible for malaria.2 As the inhibi-
tion of the biosynthesis of essential isoprenoids is lethal,
each enzyme of the MEP pathway is a potential target
for antibacterial or antiparasitic drugs.3 We focused
our attention on the second enzyme of the MEP path-
way, the DXP reductoisomerase (DXR), which mediates
the conversion of 1-deoxy-DD-xylulose 5-phosphate
(DXP) 1 into 2-C-methyl-DD-erythritol 4-phosphate
(MEP) 2 (Fig. 1).4 This enzyme is a promising target
to inhibit microbial growth. Indeed, fosmidomycin
blocks the DXR in Escherichia coli,5 Zymomonas mobi-
lis6 and P. falciparum3a and leads to the inhibition of the
MEP pathway in higher plants.7 Its structural analogue
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Figure 1. Reaction catalyzed by the deoxyxylulose phosphate reductoisomera
methyl-DD-erythritol 4-phosphate 2.
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FR900098 inhibits the DXR of P. falciparum, and ester
prodrugs thereof showed an improved in vivo antimi-
crobial activity against Plasmodium vinckei in mice.8

Fosmidomycin or its prodrugs have also been shown
to present some positive effects for the treatment of uri-
nary infections9 and simple malaria cases10 in humans,
indicating that DXR is a valuable antimicrobial target.

Compounds containing fluorine are useful tools for the
elucidation of enzyme mechanisms and often used for
the design of enzyme inhibitors. In this context, Bouvet
and O’Hagan synthesized the 1-fluoro and 1,1-difluoro
analogues of DX as the potential inhibitors of enzymes
involved in the DX and DXP metabolism, but these
compounds did not show any antibacterial properties
against E. coli and Staphylococcus aureus,11 perhaps be-
cause of the absence of an efficient phosphorylating sys-
tem. To circumvent this problem, monofluorinated
DXP analogues have been synthesized and tested on
the DXR from E. coli.12 The C-1 fluorinated analogue
was found to behave as a substrate, whereas the C-3
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osynthesis: 1,1,1-trifluoro-1-deoxy-DD-xylulose 5-phosphate.
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Figure 2. Synthesis of 1,1,1-trifluoro-1-deoxy-DD-xylulose 5-phosphate 11 and the diastereomer mixture of 1,1,1-trifluoro-1-deoxy-DD-xylitol 5-
phosphate/1,1,1-trifluoro-1-deoxy-DD-lyxitol 5-phosphate 9. (i) TBDMSCl, NaH, THF (87%); (ii) (BnO)2PNEt2, tetrazole, mCPBA, CH2Cl2 (85%);
(iii) Bu4NF, THF, (87%); (iv) PCC, CH2Cl2, 3 Å molecular sieves (82%); (v) (a) TMSCF3, CsF, (b) TBAF, THF (72%); (vi) H2, 10% Pd/C, MeOH/
H2O (9:1) (quantitative); (vii) Dess–Martin, DMPI, CH2Cl2 (54%).

OMe

OMe

O

O

O

O

OR

OMe

O

O

O

OPO(OBn)2

CF3

O

O

O

12 13  R = H
14   R = PO(OBn)2

15

11
i iii vi

ii

Figure 3. Improved synthesis of 1,1,1-trifluoro-1-deoxy-DD-xylulose 5-phosphate 11. (i) NaBH4, MeOH, 88% (conversion: 55%); (ii) (BnO)2PNEt2,
tetrazole, mCPBA, CH2Cl2 (81%); (iii) TMSCF3, CsF, TBAF, THF (70%); (iv) H2, 10% Pd/C, MeOH/H2O (9:1) (quantitative).
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or C-4 fluorinated derivatives were weak non-competi-
tive inhibitors. In the search of novel drugs acting on
the MEP pathway, DXP analogues containing a trifluo-
romethyl group were also synthesized. A synthesis and
the evaluation of 1,1,1-trifluoro-1-deoxy-DD-xylulose 5-
phosphate 11 were recently reported by Fox and Poul-
ter.13 In this contribution, an improved synthesis of
the latter compound and an access to the reduced diaste-
reomer mixture analogues 9, 1,1,1-trifluoro-1-deoxy-DD-
xylitol 5-phosphate and 1,1,1-trifluoro-1-deoxy-DD-lyxitol
5-phosphate, are described (Figs. 2 and 3).

The trifluorinated compounds 9 and 11 were synthesized
from the commercially available (2R,3R)-2,3-O,O-di-
benzyl-threitol 3 following the reaction sequence outlined
in Figure 2. The first step of the synthesis is the phos-
phorylation of a single hydroxyl group of the starting
threitol derivative 3. Direct phosphorylation of com-
pound 3 with dibenzylphosphorochloridate was unsatis-
factory since it resulted in a mixture of the desired
monophosphate 6 (40% yield), the corresponding 1,4-
bisphosphate and the starting material.14 To avoid the
formation of the bisphosphate, one of the two primary
alcohol groups was protected as silylether using sodium
hydride and t-butyldimethylsilyl chloride to afford 4
(87% yield). The remaining hydroxyl group was phos-
phorylated by the phosphoramidite method to give 5
in an 85% yield. Removal of the O-silyl group with
tetrabutylammonium fluoride led to compound 6 in an
87% yield from 5, corresponding to a 65% global yield
from threitol derivative 3. Due to the sensitivity of the
phosphate group in basic conditions, the Swern oxida-
tion could not be used, and aldehyde 7 was obtained
by the oxidation of 6 with PCC (82% yield). The key
step of this route, the introduction of the trifluoromethyl
group, was performed with (trifluoromethyl)trimethyl-
silane (Ruppert’s reagent). This nucleophilic trifluoro-
methylating agent leads to trifluoromethyl alcohols from
aldehydes and ketones.15 A modified procedure using
cesium fluoride as the catalyst was employed. Aldehyde
7 was mixed with Ruppert’s reagent and cesium fluoride.
When the starting material was totally consumed, the
addition of tetrabutylammonium fluoride allowed the
formation of the secondary alcohol 8 in a 72% yield.16

Removal of the benzyl protecting groups by catalytic
hydrogenolysis in the presence of Pd/C provided quan-
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titatively the fluorinated derivative 9 as a 1:2 mixture of
two diastereomers in six steps and a 38% global yield.17

Separation of the diastereomer mixture by silica gel
chromatography was not possible, neither for the pro-
tected alcohol 8, nor for the free compound 9. Dess–
Martin conditions18 oxidized alcohol 8 into intermediate
10/10 0 in a rather modest yield (54%). Other oxidation
reagents (PCC, TPAP) did not increase the yield of
this reaction. NMR spectra showed that
trifluoromethylketone 10 was, as expected,19 only in
the hydrate form 10 0. The final deprotection by catalytic
hydrogenolysis in the presence of Pd/C gave quantita-
tively and without epimerization at C-3 the enantiomeri-
cally pure trifluorinated analogue 11 of DXP in seven
steps and a 21% overall yield. Its spectroscopic data
were identical with those reported for the same com-
pound by Fox and Poulter.13

The synthesis of the latter compound 11 was improved
by a shorter reaction sequence starting from the com-
mercially available dimethyl 2,3-O,O-benzylidene-DD-tar-
trate 12 (Fig. 3). The phosphate group was introduced
on the primary alcohol 13 obtained in an 88% yield by
treating tartrate diester 12 with NaBH4 in methanol.11

The presence of a participating neighbouring group
facilitated the ester reduction.20 Such conditions did
not give a complete conversion of the starting material,
but compound 13 was easily isolated by silica gel flash
chromatography, and the starting material was recycled.
The primary alcohol 13 was phosphorylated using the
phosphoramidite method affording the phosphate deriv-
ative 14 in an 81% yield. The introduction of the fluori-
nated group was performed as described above and
directly provided trifluoromethylketone 15, only in the
hydrate form as judged from the 13C and 19F NMR
spectra, from methyl ester 14 in a 70% yield.16,21 Finally,
the enantiomerically pure trifluorinated DXP analogue
11 was released quantitatively and without epimeriza-
tion by catalytic hydrogenolysis of all benzyl protecting
groups in a global yield of 50% in four steps. Both triflu-
orinated analogues of DXP 9 and 11 could be stored
without decomposition at �18 �C for one year as lyo-
philized samples.

Fox and Poulter recently described a synthesis of 11 in
seven steps in a 45% overall yield from the commercially
available 2,3-O-isopropylidene-DD-threitol.13 In contrast
with our route towards 11, they first introduced the tri-
fluoromethyl group before the phosphate group. The
final removal of the isopropylidene 1,2-diol protecting
group after hydrogenolysis of the benzylidene phosphate
protections proved, however, to be difficult and required
5 days. In contrast, a single hydrogenolysis removes in
our method simultaneously and in one step all benzyl
protecting groups of the phosphate as well as of the
hydroxyls, does not require purification of the end prod-
uct and allows an easy scale-up of the synthesis. The
hydrogenolysis was performed on small quantities of
precursor 15 (up to 150 mg), which is a convenient stock
material for compound 11: it can be readily prepared in
a larger amount (i.e., 1 g), stored for several months at
�18 �C and hydrogenolyzed into 11 just before use.
Our synthesis involving the addition of (trifluoro-
methyl)trimethylsilane on an ester rather than on an
aldehyde is of a general scope and may be applied to
the synthesis of other 1,1,1-trifluoro-1-deoxyketose
derivatives.

1,1,1-Trifluoro-DXP 11 was not a substrate of the E. coli
DXR since no oxidation of NADPH was observed. The
inhibitory activity of trifluoro-DXP 11 and of diastereo-
mer mixture 9 on the DXR was also investigated.22

1,1,1-Trifluoro-DXP 11 revealed as a poor inhibitor of
the E. coli DXR with a 1.7 mM IC50, quite similar to
that reported by Fox and Poulter (2 mM),13 and to be
compared to the Km found for DXP (97 lM) or MEP
(158 lM).4c The hydration of the carbonyl group may
prevent the binding to the active site of the enzyme.
Compound 9 was found to be more efficient on DXR
with a 0.6 mM IC50. It was therefore investigated in
more details and revealed as a reversible non-competi-
tive inhibitor with a 360 lM Ki value for the 2:1 diaste-
reomer mixture resulting from the synthetic scheme.
None of compounds 9 or 11 inhibited the growth of
E. coli in test on Petri dishes by the agar diffusion meth-
od on filter paper discs (6 mm diameter). Even the high-
est amount tested (100 lg/disc) did not prevent bacterial
growth. Despite their low activities, weak inhibitors may
be used for screening of inhibitors in pharmaceutical re-
search or for RX studies on enzymes. They are allowed
to bind to the enzyme, and compound libraries may be
screened to identify those, which displace the weak
binders.
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