
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Carbohydrate Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713617200

A New Synthesis of 3-Deoxy-D-Manno-Octulosonic Acid (KDO) From D-
Mannose Via Condensation of Dioxene
Shigcomi Horitoa; Masayo Amanoa; Hironobu Hashimotoa

a Tokyo Institute of Technology Department of Life Science, Faculty of Science Nagatsuta, Yakohama,
Japan

To cite this Article Horito, Shigcomi , Amano, Masayo and Hashimoto, Hironobu(1989) 'A New Synthesis of 3-Deoxy-D-
Manno-Octulosonic Acid (KDO) From D-Mannose Via Condensation of Dioxene', Journal of Carbohydrate Chemistry, 8:
4, 681 — 684
To link to this Article: DOI: 10.1080/07328308908048027
URL: http://dx.doi.org/10.1080/07328308908048027

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713617200
http://dx.doi.org/10.1080/07328308908048027
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. CARBOHYDRATE CHEMISTRY, 8(4), 681-684 (1989) 

COMMUNICATION 

A NEW SYNTEESIS OF S-DEOXY-D-YAWNO-OCTULOSONIC ACID (KDO) 

FROM D-YANNOSE VIA CONDENSATION OF DIOXENE 

Shigcomi Eorito. Yasayo Amano. and Eironobu Eashimoto 

Tokyo institute of Technology 
Department of Life Science, Faculty of Science 

Nagatsuta. Midori-ku. Yakohama 2 2 7 ,  Japan 

R e c e i v e d  A p r i l  1 8 ,  1989 - Final Form May 31, 1989 

The title compound has long been known as an essential component of 
lipopolysaccharides (LPS) and capsular polysaccharides which exist in the 
outer membrane of Gram-negative bacteria. KDO has attracted additional 
attention as a consequence of sone remarkable discoveries: i) sutants 
unable t o  produce KDO are non-viable.% i i )  KDO is not present in 
mammalian cells." i i i )  the 2-deoxy analog of B - K D O  represents a new 
class of synthetic antimicrobial agent.=-. Although syntheses o f  KDO 

have been reported by many groups. s-e a more efficient synthetic method 
endowed with the potential for synthesis of not only complex 
glycoconjugates but also biologically significant analogs is required. 

We now wish to describe a new facile synthesis of KDO from D-mannose 
which has all asymmetric carbons of KDO. The two-carbon unit was 
effectively elongated by condensation of 2.3:5.6-di-~-isoprop~lidene-a- 
D-mannofuranose (1) with lithiated dioxene ( Z ) e  as a key step. The 
easily available starting material 1 was condensed with 2 in 
tetrahydrofuran (THF). where after mixing of the reactants at -30%. the 
temperature was allowed to rise to O'C for about 5 h. and kept at O'C for 
7 h. Successive acetylation by addition of acetyl chloride ( 3  
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equivalents) to the reaction mixture improved the efficiency of 
isolation. A single diastereomer S X o  was obtained and purified by flash 
column chromatography (hexane-acetone. 1 0 :  1 )  to give crystals of S (mp 

9 7 - l O O " C )  in 7 5  % yield together with a considerable amount ( 1 7  %) of 2 -  

eno-aldehyde which was deduced to be formed due to the acidity of 
silica-gel. Thus, S was partially hydrolyzed on wet silica-gel 
(containing 5 equivalents o f  water) in the presence of basic lead 
carbonatex2 at SO'C fo r  2 h to give 4 in 8 1  % yield from 1. In the =H 
N M R  spectrum of 4 three characteristic signals due to aldehyde and two 
acetal protons resonated at 6 9. 2 3  (s). 5 .  2 4  (s) and 5 . 2 2  (s) in 
chloroform-d. respectively. These signals indicate clearly that 4 
exists as a tautomeric mixture of aldehyde and the two corresponding 

hem iace tal s. 
The aldehyde 4 was reduced with lithium aluminum hydride in THF at 

room temperature for  15 min and then the enol ether was hydrolyzed by 
acidification with 3 M HCI to afford a diol derivative 5 ( 6 5 % ) .  

Additionally, a-ketoside 6 produced via competitive intramolecular 
cyclization with the acid was obtained in 16% yield. Finally. 5 was 

successively oxidized with oxalyl chloride and dimethyl sulfoxide in 
dichloromethane at - 6 O C  and with bromine in methanol-HaO ( 9 : l )  in the 
presence of excess sodium hydrogencarbonate to give the desired KDO 

derivative 8 in 50% yield. T w o  non-oxidized compounds 5 and 7 were 
recovered in 15% and 7% yields. respectively. The structure of 8 was 
ascertained from =H and NMR spectral data.== Quantitative 
conversion of the compound 8 into K D O  has been already reported by other 
group.7 Consequently. we established the synthetic route of KDO from D- 

mannose in 8 steps. This synthesis provides some advantages in 
synthesizing biologically significant KDO derivatives. 
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Compound 3 had [nID t19' (c 1. 4, CHC13) : I H  N M R  (100 MHz. C D C l d  
6 5.26 ( d , .  J3.4=10.0 Hz, H-3). 4.59 (dd, J4.-=6.0 Hz. H-4). T h e  
large value of J3.4 in contrast t o  the small coupling constant (2.4 
Hz) between the corresponding protons of a similar carbon- 
nucleophile adduct i. e., 2, Z-di-Q-acetyl-3,4:6.7-di-Q-isopropylidene- 
D-glycero-D-galacto-heptose t r i a e t h y l e n e d i t h i o a c e t a l .  may indicate 
that the configuration at C-3 position is (S). 
H. Paulsen. M. Schuller. A. Heitmann. A. M. Nashed and H. Redlich. 
Liebigs Ann. Chen., 1986. 675. 

T h e  Z-form of 4 could be first confirmed by the NOE study of 9 
derived by chenoselective silylation o f  tautomeric mixture 4 with 
- t e r t - b u t y l c h l o r o d i p h e n y l s i l a n e  and imidazole (95% syrup). T h e  silvl 
ether 9 had [ a I D  -26' (c 3.5. CHC13) : I H  N M R  (100 MHz. C D C l d 6  
9. 1 1  (s. H-11, 5.77 (d. J3.4=6. 7 Hz. H-3). NOE was observed 
between these protons. 

By use of a large excess o f  basic lead carbonate, acetic acid formed 
from 3 was neutralized in order t o  prevent the hydrolysis of 
isopropylidene groups. 

Compound 8 had [ a ] D  +38' (c 0.73. CHC13) and m p  121-123'C 
( l i t .  mp 122-124°C)T : IH N M R  ( 1 0 0  MHz. CDC13). 6 3.64 (s. OH. 
exchangeable), 2. 52 (dd. Jz,.3=6. 3 Hz. Jz,.zz~=~~. 0 H z .  H-2e), 1. 91 
(dd. J2a.3=4.9 Hz, H-2a). NMR (22. 5 MHz, CDCla), 6 170. 1 
(C-l)# 94.4 (C-2). 66.9 (C-8). 32. 5 (C-2). 
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