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1-DEOXY-D-XYLULOSE SYNTHESIZED FROM
THE (S)-CYANOHYDRIN OF ACROLEIN

Martin H. Fechter, Richard Gaisberger, and Herfried Griengl

Institut für Organische Chemie, SFB Biokatalyse, 
Technische Universität Graz, Stremayrgasse 16, 

A-8010 Graz, Austria

ABSTRACT

The biocatalytic transformation of acrolein into (S)-2-hydroxybut-3-enenitrile
using the (S)-hydroxynitrile lyase from Hevea brasiliensis followed by Grig-
nard C-elongation, asymmetric epoxidation and nucleophilic ring-opening af-
forded 1-deoxy-D-xylulose (1) in 47% overall yield.

INTRODUCTION

1-Deoxy-D-xylulose (1),1 first isolated in 1976 from Streptomyces hygro-
scopicus (UC-5601),2 represents an important intermediate in several biochemical
pathways of procaryotes and eucaryotes. In bacteria, for example, E. coli incorpo-
rates 1 into the thiazole nucleus of thiamine (vitamin B1)3 and pyridoxine (vitamin
B6).4–6 In the chloroplasts of green algae7 and higher plants this sugar has been
found to be a substrate for enzymes involved in the alternate non-mevalonate
biosynthesis of terpenoid building blocks.8–11 Due to the high biological impor-
tance of 1-deoxy-D-xylulose, syntheses of this compound12–16 and of isotopically
labelled derivatives,3,14,17–20 either by chiral pool techniques or by asymmetric de
novo strategies, have been developed. Following our concept to apply the enzyme
catalysed cyanohydrin reaction to the synthesis of compounds with biological rel-
evance, we report here a de novo approach to 1-deoxy-D-xylulose starting from the
(S)-cyanohydrin of acrolein.
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RESULTS AND DISCUSSION

The biocatalytic transformation of acrolein and hydrocyanic acid in a two-
phase system (methyl tert-butyl ether/buffer pH 5.5) with the (S)-hydroxynitrile
lyase from Hevea brasiliensis, cloned and overexpressed in Pichia pastoris,21 led
to (S)-2-hydroxybut-3-enenitrile (2) in 95% yield. The enantiomer excess achieved
by this reaction varies between 90 and 99%22 and the material used in this synthe-
sis had an ee of 91%. The cyanohydrin 2 was protected by treatment with tert-
butyldiphenylsilyl chloride and imidazole following Brussee’s procedure23 to give
product 3, the ee of 91% being retained (Scheme 1). As reference material for
HPLC measurements racemic cyanohydrin 3 was synthesised according to
Gassmann24 employing trimethylsilyl chloride followed by acidic hydrolysis and
tert-butyldiphenylsilyl protection.

Grignard reaction of nitrile 3 with 10 mole equivalents of methylmagnesium
iodide gave, in 81% yield, (S)-3-tert-butyldiphenylsilyloxypent-4-en-2-one (4).
The enantiomeric excess slightly decreased to 87%. Previous attempts with 1.5 to
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Scheme 1. Reagents and conditions: (a) (S)-hydroxynitrile lyase from Hevea brasiliensis, 95%; (b)
TPSCl, imidazole, 99%; (c) MeMgI, 81%; (d) mCPBA, 4°C, 87%; (e) aq HClO4, 93%; (f) 1. BnOH,
BF3. Et2O, 2. TBAF, 33%.
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6 equivalents of methylmagnesium iodide resulted in lower yields. Grignard addi-
tion with commercially available methylmagnesium chloride (3 M solution in
THF) led to the formation of side products.

Under optimised conditions ketone 4 was exposed to 3 mole equivalents of 3-
chloroperoxybenzoic acid over 5 to 7 days at 4°C to give 5 and 6 in a 4 to 1 ratio,
the desired threo epoxide 5 as the main product, in 87% combined yield. After col-
umn chromatography on silica gel, the ee of 4,5-anhydro-1-deoxy-D-xylulose (5)
was ascertained to be 86%. Epoxide ring opening and hydrolysis of the tert-
butyldiphenylsilyl group with perchloric acid led to the desired ketose 1 as an equi-
librium mixture consisting of the open chain and the �/� furanoid form. The abso-
lute configuration of compound 5 was determined by boron trifluoride etherate
catalyzed epoxide ring opening with benzyl alcohol, followed by standard cleav-
age of the silyl protective group, to give known derivative 7.14 Unfortunately, this
compound was afforded in only 33% yield and additional, more polar products
were not isolated.

By the sequence described, 1 could be obtained in five steps starting from
acrolein in 47% overall yield. This method is also suitable for large scale produc-
tion. Recently an approach to 1 was published giving 69% overall yield starting
from 2,3-isopropylidene-D-threitol.16 However, the high price of this starting ma-
terial is prohibitive for large scale synthesis. Our synthetic route is sufficiently ver-
satile to incorporate isotopes of carbon or hydrogen. In addition the enantiomer of
1, 1-deoxy-L-xylulose, should also be available by this method simply employing
the (R)-hydroxynitrile lyase from Linum usitatissimum25 or Prunus amygdalus.
Further investigations have also been performed on the nucleophilic ring opening
of epoxide 5 by phosphate. In contrast to relevant literature, the preparation of the
desired 5-phosphate could not be achieved. Attempts to perform a nucleophilic
epoxide opening with dipotassium hydrogenphosphate,26 disodium hydrogenphos-
phate,27 phosphoric acid28 or dibenzyl hydrogenphosphate29 in different solvents
were also to no avail. In all cases no reaction took place or, after raising the reac-
tion temperature, only decomposition of the starting material could be observed.

EXPERIMENTAL

General Methods. Optical rotations were measured using a Perkin Elmer
341 instrument at 589 nm at ambient temperature. 1H NMR and 13C NMR spectra
were recorded on Varian Gemini 200 MHz and Bruker MSL 300 MHz instruments.
Residual non-deuterated solvent was used as an internal standard for determination
of chemical shifts. The signals of protecting groups were in the expected regions
and have not been listed explicitly. HPLC enantiomeric separations were per-
formed using a Jasco 880-PU intelligent pump and a Jasco 875-UV intelligent
UV/VIS detector connected to a CHIRACEL OD-H chiral HPLC column (25 cm
� 0.46 cm at 20°C) as the chiral selector. The mobile phase was a mixture of n-
heptane/2-propanol (99.75:0.25), 0.6 mL/min, with detection at 254 nm. TLC was
performed on precoated aluminium plates (Merck 5554) employing 5% vanillin/
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sulfuric acid as well as ceric ammonium molybdate as staining agents. For column
chromatography, silica gel 60, 230–400 mesh (Merck 9385), was used. All
reagents were obtained from Sigma-Aldrich and were used as purchased, except
acrolein which was distilled under reduced pressure prior to use. A recombinant
(S)-hydroxynitrile lyase was prepared by overexpression in Pichia pastoris. A
crude cytosolic extract30 was used for the biotransformation of acrolein.

(S)-2-tert-Butyldiphenylsilyloxybut-3-enenitrile (3). To a 10% solution
of cyanohydrin 2 (4.43 g, 53.3 mmol) in DMF at 0°C, tert-butyldiphenylsilyl 
chloride (16.3 g, 58.0 mmol, 1.1 equiv) and imidazole (4.36 g, 64.0 mmol 1.2
equiv) were added. The mixture was allowed to warm to room temperature and
stirred until TLC indicated completed conversion (12 to 18 h). The solution was
concentrated under reduced pressure. The residue was partitioned between
dichloromethane and 3% aq HCl, and the organic layer was washed with water and
dried over sodium sulfate. After filtration, the filtrate was removed under reduced
pressure and the remaining yellow oil was purified on silica gel, employing cyclo-
hexane/ethyl acetate 20:1 v/v as the eluent, to give (3) (16.9 g, 99%) as a colour-
less oil: ee 91% (HPLC), [�]20

D �29.0° (c 3.8, chloroform); 1H NMR (CDCl3) �
5.92 (ddd, 1 H, J2,3 5.5 Hz, J3,4 16.9 Hz, J3,4� 10.1 Hz, H-3), 5.52 (dd, 1 H, J4,4� 1.3
Hz, H-4), 5.37 (dd, 1 H, H-4�), 4.89 (m, 1 H, H-2); 13C NMR � 132.6 (C-3), 118.9
(C-4), 117.8 (C-1), 63.5 (C-2).

Anal. Calcd for C20H23NOSi (321.50): C, 74.72; H, 7.21; N, 4.36. Found: 
C, 74.41; H, 7.03; N, 4.52.

(S)-3-tert-Butyldiphenylsilyloxypent-4-en-2-one (4). To a suspension of
freshly prepared methylmagnesium iodide (Mg: 5.11 g, 210 mmol, 11 equiv; MeI:
26.5 g, 190 mmol, 10 equiv) in 150 mL diethyl ether, nitrile 3 (6.16 g, 19.2 mmol)
in 70 mL of diethyl ether was added dropwise. The mixture was stirred and re-
fluxed for 2 h and poured onto 200 g of ice, containing 10 mL of conc. HCl, and
stirred for 10 min. The biphasic mixture was separated and the organic layer
washed with water, dried, filtered and concentrated. The crude product was puri-
fied by column chromatography using a gradient mixture of cyclohexane/ethyl ac-
etate (100:1–20:1 v/v) as the eluent which yielded methylketone 4 ( 5.24 g, 81%)
as a colourless oil: ee 87% (HPLC), [�]20

D �65.1° (c 1.0, chloroform); 1H NMR
(CDCl3) � 5.84 (ddd, 1 H, J3,4 4.9 Hz, J4,5 17.1 Hz, J4,5� 10.5 Hz, H-4), 5.52 (dd, 1
H, J5,5� 1.7 Hz, H-5), 5.26 (dd, 1 H, H-5�), 4.62 (m, 1 H, H-3), 2.07 (s, 3 H, H-1);
13C NMR � 208.3 (C-2), 135.1 (C-4), 117.5 (C-5), 81.2 (C-3), 24.7 (C-1).

Anal. Calcd for C21H26O2Si (338.53): C, 74.51; H, 7.74. Found: C, 74.33; 
H, 7.92.

4,5-Anhydro-3-tert-butyldiphenylsilyl-1-deoxy-D-xylulose (5) and 4,5-an-
hydro-3-tert-butyldiphenylsilyl-1-deoxy-D-ribulose (6). To a solution of 4
(1.21 g, 3.6 mmol) in 40 mL of dichloromethane at 0°C, 3-chloroperoxybenzoic
acid � 70% (2.64 g, 10.7 mmol, 3 equiv) was added. The solution was placed in a
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refrigerator at 4°C. After complete conversion, monitored by TLC (7–9 days), the
pale white suspension was warmed to room temperature and sodium sulfite was
added with stirring until the foaming subsided. The solids were filtered off, the fil-
trate was washed consecutively with 5% aq HCl and water. The organic phase was
dried, filtered and concentrated. The crude mixture of threo- and erythro-epoxides
(4:1, as detected by 1H NMR) was purified and separated by column chromatogra-
phy employing cyclohexane/ethyl acetate (250:1 v/v) as the eluent. Compound 5
threo-epoxide (830 mg, 66%) as a colourless oil: ee 86% (HPLC) [�]20

D �18.3°
(c 0.9, chloroform); 1H NMR (CDCl3) � 5.80 (d, 1 H, J3,4 4.7 Hz, H-3), 3.23 (m, 1
H, H-4), 2.77 (bd, 2 H, J 2.9 Hz, H-5,5�), 1.77 (s, 3 H, H-1); 13C NMR � 169.1 (C-
2), 92.2 (C-3), 52.8 (C-4), 44.3 (C-5), 26.7 (C-1).

Compound 6 erythro-epoxide (250 mg, 21%) as a slightly yellow oil:
[�]20

D�9.3° (c 0.7, chloroform); 1H NMR (CDCl3) � 5.85 (d, 1 H, J3,4 4.5 Hz, H-3),
3.17 (m, 1 H, H-4), 2.70 (m, 2 H, H-5,5�), 1.88 (s, 3 H, H-1); 13C NMR � 169.2 (C-
2), 91.4 (C-3), 52.3 (C-4), 43.9 (C-5), 26.7 (C-1).

Anal. Calcd for C21H26O3Si (354.53): C, 71.15; H, 7.39. Found: 5 C, 69.88;
H, 7.17; 6 C, 70.02, H, 7.34.

5-O-Benzyl-1-deoxy-D-xylulose (7). To a solution of epoxide 5 (300 mg,
0.846 mmol) in 15 mL of dichloromethane at 0°C, freshly distilled benzyl alcohol
(0.18 mL, 1.74 mmol, 2.1 equiv), a catalytic amount of boron trifluoride etherate
and molecular sieve 3Å (300 mg) were added. The solution was placed in a refrig-
erator at 4°C overnight. The solids were filtered off and the filtrate was partitioned
between dichloromethane and 3% aq HCl. The organic layer was washed with wa-
ter, dried and concentrated under reduced pressure. Conventional silyl deprotec-
tion with tetrabutylammonium fluoride yielded, after removal of solvent under re-
duced pressure, a yellow oil. This was purified on silica gel, employing a gradient
mixture of cyclohexane/ethyl acetate (50:1–5:1 v/v) as the eluent, to give the ben-
zyl protected xylulose 7 (127 mg, 33%) as a colourless oil: [�]20

D �51.1° (c 0.7,
chloroform). Lit:14 [�]20

D �52.5° (c 1.2, dichloromethane); 1H NMR and 13C NMR
spectra were identical.

1-Deoxy-D-xylulose (1). Epoxide 5 (360 mg, 1.02 mmol) was disssolved in
a mixture of 70% perchloric acid, water and acetonitrile (15 mL, 1:10:4) and was
stirred at 50°C for 14–16 h. The mixture was cooled, neutralised with solid
Na2CO3, the solvent removed in vacuo and purified on silica gel using chloro-
form/methanol 10:1 v/v as the eluent, to give 1 (126 mg, 93%) as a colourless
syrupy mixture of the furanoid anomers and open chain form: 1H NMR and 13C
NMR spectra were identical to those published in literature.16
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personal wireless device, and to copy and download single copies of such 
Materials provided that any copyright, trademark or other notice appearing 
on such Materials is also retained by, displayed, copied or downloaded as 
part of the Materials and is not removed or obscured, and provided you do 
not edit, modify, alter or enhance the Materials. Please refer to our Website 
User Agreement for more details. 
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