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Departamento de Bioquı́mica, Biologı́a Molecular y Quı́mica Orgánica, Facultad de Ciencias, Universidad de Málaga,
29071 Málaga, Spain

Received 12 July 2001; accepted 7 October 2001

Abstract—Reactions of ethyl 2-diazoacetate with aldehydo sugars and monosaccharide derivatives in their hemiacetal form are
reported. The use of diethyl zinc led to an improvement of yields and shorter reaction times compared with neutral conditions as
previously described. The resulting products represent potentially useful substrates for the synthesis of 3-deoxy-2-keto-ulosonic
acid derivatives. Thus, diazo derivatives from D-mannose were transformed into Ko and 3-epimer Ko derivatives in a
straightforward process by reaction with mCPBA. © 2001 Published by Elsevier Science Ltd.

The chemistry of �-diazo carbonyl compounds has
elicited great interest in the chemical community as
evident by their long history of useful applications in
organic chemistry1 and, more recently, by the many
efforts devoted to their reactions with transition
metals.2 The ease of preparation of these compounds3

from readily accessible precursors, in conjunction with
the wide variety of chemical transformations they
effect, justifies the flurry of research activity in this field.
Particularly, �-hydroxy-�-diazo carbonyl compounds,
synthesized by reactions of diazo carbonyl compounds
with aldehydes under basic conditions,4 represent ver-
satile and useful compounds whose chemistry has been
widely explored.5 Our interest for developing new syn-
thetic strategies for the construction of complex sugar
derivatives with potential biological interest, prompted
us to study the synthesis and reactivity of �-hydroxy-�-
diazo carbonyl compounds derived from monosaccha-
rides,6 finding interesting applications in the
stereoselective synthesis of macrolide fragments,7 3-
deoxy-2-ulosonic acids8 and, more recently, in the syn-
thesis of C-disaccharides.9 We demonstrated that the
use of base in these reactions produced the epimeriza-
tion of the starting aldehydo-sugars at C-2.10 As a
consequence, �-oxy-�-diazo carbonyl compounds were
synthesized in the absence of base by a simple neat

mixture of the corresponding aldehydo-sugar and ethyl
diazoacetate. In general, the high reactivity of the
employed starting aldehydo-sugars made it unnecessary
to use base and products were obtained in good yield,
however, in some cases, long reaction times were
required resulting in a decrease of the yield (see Table
1). The use of organometallic derivatives of diazo car-
bonyl compounds as efficient reagents for reactions
with carbonyl compounds is well known.11 However,
such derivatives have shown thermal instability and
require the use of very low temperatures, which has
limited their utility. Recently, a publication has
appeared describing the use of commercially available
diethyl zinc to form a more reactive zinc–diazo
intermediate12 which reacted smoothly with aldehydes.
Therefore, in order to avoid the basic medium of other
methods and enhance the reactivity of the diazo com-
pounds, we decided to use diethyl zinc in equimolar
amounts with respect to ethyl diazoacetate 1 (Scheme 1)
and investigate its reaction with different aldehydo-
sugars to improve yield and stereoselectivity.

Our interest in the chemistry and biology of natural
3-deoxy-2-ulosonic acids such as 3-deoxy-D-arabino-2-
heptulosonic acid (DAH)13 or 3-deoxy-D-manno-2-octu-
losonic acid (KDO)14 led us to devise efficient and
flexible syntheses of these compounds.8 So, as a contin-
uation of our research project engaged in the chemistry
of these type of natural products, we considered D-ara-
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F. Sarabia, F. J. López-Herrera / Tetrahedron Letters 42 (2001) 8801–88048802

Table 1. Reactions of diazo compound 1 with aldehydo-sugars 2, 3, 4, 5 and 6

R Product Conditions a Conditions b Stereoselectivity at C-3 (3R :3S)
(reaction time/h, yield/%)(reaction time/h, yield/%)

3:27 12, 85 12, 80

1:18 8, 80 2–4 days, 52

4:19 8, 84 7 days, 30

3.5:110 8, 94 7 days, 74

11 6, 85 8, 98 100:0

bino- and D-manno-aldehydes as starting materials for
reactions with ethyl diazoacetate 1. Table 1 summarizes
the results obtained from these studies. Thus, D-ara-
bino-aldehydo derivatives 2, 3,15 4 and D-manno-alde-
hydo sugars 5 and 6 were reacted with ethyl
diazoacetate 1 in the presence of equimolar amounts of
diethylzinc16 at −78°C. After 6–12 h, reaction products
7, 8, 9, 10 and 1117 were obtained in excellent yields and
identical stereoselectivities as compared with reactions
undertaken under neutral conditions. In particular, for
the D-arabino series, the yields were widely improved
when Et2Zn was used in comparison with neutral con-
ditions. In the case of the D-manno derivatives, the
aldehyde 5 yielded the corresponding �-oxy-�-diazo
ester 10 in better yield under neat conditions, while
with aldehyde 6, the yield decreased under conditions a
versus conditions b.

These results prompted us to consider sugars in their
hemiacetal forms for reactions with diazo compounds,
which to our knowledge had not been attempted
(Scheme 2). Thus, the mannofuranose derivative 12 was
treated with 1 under similar conditions as above, and,
after 12 h, just one isomer, the diazo 13 was obtained in
a reasonably good yield (60%) together with starting
sugar after flash column chromatography.

Scheme 1. General reaction of 1 with aldehydes.
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Scheme 2. Synthesis of diazo derivative 13 from di-O-iso-
propylidene-D-mannofuranose 12. Reagents and conditions :
(a) 1.5 equiv. HCN2CO2Et, 1.5 equiv. Et2Zn, CH2Cl2,
−78°C�−50°C�0°C, 8 h, 60%.

scale (�10 g scale of starting aldehydes). The resulting
products are of interest as intermediates for the synthe-
sis of natural DAH and KDO, for the synthesis of Ko
derivatives and for the synthesis of other analogues as
is reported in the following publication.23
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PB97-1091) and by the Dirección General de Universi-
dades e Investigación, Consejerı́a de Educación y Cien-
cia, Junta de Andalucı́a (FQM 0158). We thank Dr. J.
I. Trujillo from The Scripps Research Institute (La
Jolla, CA) for assistance in the preparation of this
manuscript. We thank Unidad de Espectroscopı́a de
Masas de la Universidad de Sevilla for exact mass
spectroscopic assistance.

References

1. Ye, T.; McKervey, M. A. Chem. Rev. 1994, 94, 1091–
1160.

2. (a) Miller, D. J.; Moody, C. J. Tetrahedron 1995, 51,
10811–10843; (b) Padwa, A.; Austin, D. J. Angew. Chem.,
Int. Ed. Engl. 1994, 33, 1797–1815.

3. Regitz, M.; Maas, G. Diazo Compounds. Properties and
Synthesis ; Academic Press: London, 1986.

4. (a) Wenkert, E.; McPherson, C. A. J. Am. Chem. Soc.
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