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The enzyme 2-deoxyribose-5-phosphate aldolase (DERA, EC 
4.1.2.4) catalyzes the reversible aldol reaction of acetaldehyde 
and D-glyceraldehyde 3-phosphate to form 2-deoxyribose 5-phos-
phate. DERA has been overexpressed in Escherichia coli, and 
large quantities of the enzyme can easily be obtained.1'2 As 
reported previously, DERA accepts a wide variety of acceptor 
substrates and has been proven useful in organic synthesis.1_3 We 
report here a new type of enzymatic aldol reaction catalyzed by 
DERA using three achiral C2 aldehydes as substrates. The 
reactions start with a stereospecific addition of acetaldehyde to 
a substituted acetaldehyde to form a 3-hydroxy-4-substituted-
butyraldehyde, which reacts subsequently with another acetal
dehyde to form a 2,4-dideoxyhexose derivative also in a stereo-
specific manner. These enzymatic products are useful chiral 
synthons of HMG-CoA reductase inhibitors and 1,3-polyol 
systems. 

In the course of exploiting more acceptor substrates for DERA, 
using relatively large amounts of the enzyme, we noticed the 
formation of a 2,4,6-trideoxyhexose, identified as 1. This product 
is the result of a double aldol condensation of three acetaldehyde 
molecules, catalyzed by DERA. The product was confirmed to 
have the 3R,5R configuration via oxidation of 1 with bromine4 

to the corresponding known lactone 25'6 (Scheme 1), in agreement 
with the stereoselectivity in DERA-catalyzed reactions.1-3 

This discovery led us to further examine a variety of C2 
substituted acetaldehydes as initial acceptor substrate and 
acetaldehyde as donor to form the corresponding 6-substituted 
2,4-dideoxyhexoses. The results are summarized in Table 1. 

In all of the reactions, except that of 3, no significant amounts 
of single aldol reaction products (C4 compounds) were found. 
Products arising from a third coupling with acetaldehyde could 
not be detected. After the second condensation, products cyclize 
predominantly to the hemiacetal form, diminishing the concen
tration of free aldehyde available for a third condensation. 
Inhibition of further aldol condensations once a stable cyclic 
hemiacetal has been formed is also illustrated by the low yield 
of dideoxyhexose 3 formed after reaction between hydroxyacet-
aldehyde and acetaldehyde (Scheme 2). Hydroxyacetaldehyde 
(glycolaldehyde) appears predominantly in its dimer (hemiacetal) 
form 7, and the product formed after the first aldol reaction, 8, 
is capable of forming a five-membered-ring hemiacetal (8a). 

Most of the products obtained from substrates studied previ
ously formed a hemiacetal after the first aldol condensation, 
explaining why no products from a double aldol reaction have 
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Table 1. Tandem Aldol Condensations Catalyzed by DERA" 
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" Reactions were conducted in 20 mL of solution containing 100 mM 
triethanolamine, 1 mM EDTA, 30OmM acetaldehyde, 10OmM acceptor, 
and 1000 units of DERA.7 The mixture was stirred at room temperature 
in the dark under argon for 6 days. Protein was removed by addition of 
2 volumes of acetone followed by centrifugation. The supernatant was 
concentrated under reduced pressure and purified via flash chromatog
raphy (SiO2). * About 20% of mono aldol condensation product 8a was 
isolated together with starting material and dideoxyhexose 3 as an 
inseparable mixture; see Scheme 2. 
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been isolated previously.8 Also the use of smaller amounts of 
DERA decreases the amount of product arising from a second 
aldol reaction. When the reaction between chloroacetaldehyde 
and acetaldehyde was performed with half the amount of DERA 
(250 units/mmol of chloroacetaldehyde), 43% of a monoaldol 
product was isolated,9 in addition to 13% of trideoxyhexose 5. 

The lactones obtained after oxidation of the aldol products are 
derivatives of the lactone moiety in mevinic acids, potent HMG-
CoA reductase inhibitors which can be used as cholesterol-
lowering agents.10 This two-step synthesis from extremely simple 
starting materials should be a useful addition to the syntheses of 
this chiral lactone functionality.10'11 Treatment of the lactone 
products with Amberlite IRA 400(OH) in methanol leads to 

(8) A small amount of a double aldol condensation product was isolated 
from the DERA-catalyzed reaction between propanal and an azido analog of 
D-glyceraldehyde; see ref 3. 
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four diasteromers: 
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• (a) Br2, BaCO3, H2O, 68%, (b) MeOH, Amberlite IRA 400(OH), 
96%. 

open-chain syn-l,3-diol compounds. This is demonstrated for 
the transformation of dideoxyhexose 4, which was converted via 
lactone 9 into the s>>n-3,5-dihydroxy ester 10 in 65% overall yield 
(Scheme 3). Products like 10 might be used in the synthesis of 
1,3-polyol systems, which are widely distributed in nature, 
particularly in the skipped-polyol polyene macrolides.12 

(11) McCaque, R.; Olivo, H. F.; Roberts, S. M. Tetrahedron Lett. 1993, 
34, 3785 and references therein. 

As can be seen from Table 1, not all substituted acetaldehydes 
are equally well accepted as substrates for DERA. Further studies 
are in progress to determine the scope of the DERA-catalyzed 
double aldol condensation. 
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