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as a protected form based on a new transformation of a,b-

unsaturated ester to a-oxocarboxylic acid ester via diol cyclic sulfite
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Abstract—A concise synthesis of KDO (1) as the suitably protected form (2) from 2,3:5,6-di-O-isopropylidene-a-DD-mannofuranose
(3) was achieved in five steps (overall 65% yield). The key step is the efficient transformation of readily available a,b-unsaturated
ester to a-oxocarboxylic acid ester. The newly b-elimination of the corresponding diol cyclic sulfite and the in situ trap (DBU/
TMSCl) into enol silyl ether was developed to give the tautomeric equivalent of a-oxocarboxylic acid ester. The deprotection of acid
labile TMS ether provided the desired product.
� 2004 Elsevier Ltd. All rights reserved.
3-Deoxy-DD-manno-oct-2-ulosonic acid (KDO, 1) is a
component in the outer membrane lipopolysaccharide
(LPS) of Gram-negative bacteria and connected with the
lipophilic part (lipid A) via a-ketoside linkage.1 (Fig. 1).

Its biological as well as medicinal importance invoked
chemical2;3 and enzymatic4 syntheses. Among them,
carbohydrate-based chemical synthesis, starting from DD-
mannose (six carbons) via two-carbon elongation is the
most reliable. All of them put special emphasis on the
elaboration of the two-carbon unit, which is later con-
verted to a-oxocarboxylic acid moiety. Inspired by the
result that a cyclic sulfate of a terminal diol had been
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converted to a methyl ketone,5 we proposed the base
treatment of cyclic sulfite B (Fig. 2). The b-elimination
Figure 2.
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Scheme 2. (a) DBU, CH2Cl2, rt, 2 h (9a: 89%), 0 �C, 38 h (9b: 75%); (b)

DBU, TBSCl, THF, 0 �C to rt, 4 h (87%); (c) TBAF, AcOH, THF, rt,

12 h (90%); (d) TBAF, THF, 0 �C, 30min (91%).
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and the subsequent release of SO2 from the unstable
sulfite intermediate would provide the enol A. This
transformation might have an advantage that the
starting material C is applied without any protection on
C-6 hydroxyl group.

Toward this end, Wittig olefination6 of 2,3:5,6-di-O-
isopropylidene-a-DD-mannofuranose 3 afforded 4 as the
mixture of geometrical isomers (E/Z¼ 18/1). The crude
material was passed through a short column of silica gel
to remove triphenylphosphine oxide and the products
were dihydroxylated to give a stereoisomeric mixture of
5 (dr¼ 38:16:2:1) in 90% yield from 3. As expected, the
C-6 hydroxyl group was well distinguished by the five-
membered cyclic sulfite formation to give the key
intermediate 6 (¼B) (Scheme 1).

The initial attempt of the base treatment achieved mis-
erable results of a very complex mixture. At this stage,
the aldol reaction of the resulting enol form A onto the
tautomeric keto form was suspected, and we made
simple model studies. Indeed, when cyclic sulfite 7
was treated with DBU, the major product was the
self-condensed butyrolactone 9.7 The possible interme-
diate, enolate was effectively trapped with the silylating
reagent, TBSCl to give an enol ether 10a with pure (Z)-
configuration (87% from 7a). The deprotection under
fluoride-mediated acidic conditions (TBAF-AcOH)
provided the desired a-oxocarboxylic acid ester 8a in
90% yield. The basic conditions (TBAF) again forced
the deprotection reaction to the self-condensed product
9 (91%) (Scheme 2).

Encouraged by these results, we treated the cyclic sulfite
6 with DBU (4.0 equiv) in the presence of TMSCl
(3.8 equiv). The enol product was trapped as a bis-TMS
ether 11, but the labile nature enabled the simultaneous
deprotection of hydroxyl group on C-6 to give 28 in 75%
yield. The advantage of the TMS group is shown as
below. When the similar reaction was attempted using
TBSCl, even with a low equivalent (1.5 equiv), the for-
mation of bis-TBS ether 12b could not be avoided (10%,
Scheme 1. (a) Ph3P@CHCO2Et, benzene, reflux, 6 h (E/Z¼ 18/1);

(b) OsO4, NMO, acetone–H2O (2/1), rt, 10 h (90% in two steps);

(c) SOCl2, Et3N, CH2Cl2, 0 �C, 30min.
12a9: 62%), which in turn made the deprotection of TBS
group (especially at C-6) very difficult (Scheme 3).

In this way, a very short-step synthesis of the protected
form of KDO (2), which is compatible with the chemical
glycosylation was achieved; in only five steps from DD-
mannose derivative 3 of high availability.

In our elimination-based synthesis, the intermediate 6
consisted of four stereoisomers and the major trans
isomers and the minor cis isomers equally transformed
to products as the single isomer. We became interested
in the reaction pathway of the b-elimination and inde-
pendently submitted the trans (7a,b) and cis (13a,b)
isomers. Surprisingly, both materials provided the (Z)-
configured products (10a,b), and the stereocourse did
not depend upon the solvents (THF/CH3CN) (Scheme
4).

In contrast, when a trans cyclic sulfate 14 was submitted
to a similar b-elimination reaction, the resulting enol
sulfate [Z-15] had a Z-configuration with considerable
stability and was isolated in 94% yield. From the iso-
meric cis cyclic sulfate 16, E-15 was obtained in quan-
Scheme 3. (a) SOCl2, Et3N, CH2Cl2, 0 �C, 1 h; (b) DBU, TMSCl,

THF, )60 �C to rt, 2 h; (c) 1M HCl, 0 �C, 1 h (75% in three steps); (d)

DBU, TBSCl, THF, )78 �C to )60 �C, 45min (12a: 62%, 12b: 10% in

two steps).



Scheme 4. (a) DBU, TBSCl, THF, 0 �C to rt, 4 h (87% from 7a), 1 h

(77% from 13a); (b) DBU, TBSCl, CH3CN, rt, 1 h (99% from 7b, 83%

from 13b).

Scheme 5. (a) DBU, CH2Cl2, 0 �C, 10min; (b) aq NH4Cl, 0 �C, 10min

(Z-15: 97% from 14, E-15: 99% from 16).
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titative yield and the results clearly show the reaction
proceeded by trans anti-elimination. In turn, the lower
stability of enol sulfite than that of enol sulfate might
cause the isomerization of E-enol to stable Z-enol via a-
oxocarboxylic acid ester before being trapped by TBSCl
under the reaction conditions. However, there was no
positive evidence by the TLC detection of a-oxocarb-
oxylic acid ester during the reaction (Scheme 5).

In conclusion, a concise synthesis of KDO was achieved
based on a new b-elimination reaction of cyclic sulfite as
the key step.
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483.2400.


	Concise synthesis of 3-deoxy-d-manno-oct-2-ulosonic acid (KDO) as a protected form based on a new transformation of alpha,beta-unsaturated ester to alpha-oxocarboxylic acid ester via diol cyclic sulfite

