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Summary. 3-Deoxy-D-arabino-2-heptulosonic acid and 3-deoxy-D- 
manno-2-octulosonic acid have been synthesised in chiral form from 
D-arabinose and D-mannose respectively, via 5-ylidene-1,3- 
dioxolan-4-one intermediates. The cy-keto acid function in the 
products is liberated under mild basic hydrolysis conditions. 

Previous studies1 have shown the utility of the Wittig reagent (3) for 

the synthesis of 5-ylidene-1,3-dioxolan-4-ones (4) which can be employed as 

intermediates for the synthesis of e-keto carboxylic acids. The merit in 

this approach derives from the nature of the heterocyclic ring system in 

(4) I which is moderately stable to acid, but which may be hydrolysed by 

alkali under very mild conditions to afford the salt of the c-keto 

carboxylic acid with the expulsion of cyclohexanone. It was considered, 

therefore, that this strategy would provide a versatile and general approach 

to the chiral synthesis of sugar acids of biosynthetic importance starting 

from readily available protected aldehydo sugars. 

+ RlH$0.C02Na + 0 

4 

The 7-phosphate of 3-deoxy-D-arabino-2-heptulosonic acid (DAH)2 (8) 
occurs as the first C7 intermediate in the biosynthesis of aromatic amino 

acids by the shikimate pathway, which is found in plants and bacteria but 

not in mammals.3 Thus synthesis of shikimate metabolites has been the 

subject of much research because of the potential for the development of 
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herbicides and antibacterials which would be non-toxic to mammals. 

The starting dioxolanone (1) was prepared by a new method4 which 

greatly improved the availability of the phosphonium salt (2). Liberation 

of the Wittig reagent (3), using 1,4-diazabicyclo[2,2,2]octane (DABCO) in 

toluene under an inert atmosphere, followed by immediate reaction with 

aldehyde (5) derived from D-arabinose5 afforded the 5-ylidene-1,3-dioxolan- 

4-one (6) as a mixture of E and Z isomers. Although the configuration of 

the double bond is irrelevant to the final product, DAH (8), it was deemed 

better to proceed with a single isomer for characterisation purposes, thus 

the E/Z mixture was irradiated (500 W, tungsten) in the presence of 12 to 

produce the Z isomer (6) (V 1795 cm-l; X 251 nm, E 10660) after chromato- 

graphy (SiO2:12% 40-60 petrol/ether). Removal of the acetonide protecting 

groups with trifluoroacetic acid (TFA) in aqueous ethanol afforded (7) (V 

1794; A 248, E 10840) which was subjected to hydrolysis using a 0.5 molar 

equivalent of Ba(OH)2 in aqueous MeOH to yield DAH (8) as the barium salt: 

m.p. 185OC (d); [cr]h" + 33.0 (C l.O,H20); 13C n.m.r. (100 MHz in D20), 6~ 

177.35, 97.22, 74.50, 71.51, 69.72, 61.41, 40.03 (C 28.3, H 4.2: Calc. for 

BaCl4H22014.2H20, C, 28.6: H, 4.4%). 

3-Deoxy-D-manno-2-octulosonic acid (KDO) (14)6,7 is recognised as a 

characteristic sugar component of the lipopolysaccharide (LPS) and acidic 

exopolysaccharide (K-antigen) which occur in the cell surface of Gram 

negative bacteria. LPS determines antigenicity, toxicity, adhesiveness, 

invasiveness and penetrability of the cell, thus KDO is an attractive target 

for chemotherapy since it has a crucial role in linking lipid A via a ketal 

to the end of the polysaccharide chain. 

D-Mannose (9) was converted into the alcohol (10) by a known route8 then 

oxidised, using a water soluble carbodiimide, to the aldehyde (11). 

Reaction with (3) afforded the E/Z mixture of products which were separated 

by chromatography (SiO2: hexane/EtOAc, gradient elution) to afford (12) (V 

1792; A 252, 6 11,440). Deprotection of the acid-labile functional groups 
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in (12) (90% aqueous HOAc; 9ooc, 1 h) gave the pentahydroxy ylidene 

dioxolanone (13) (V 1793; A 248; e 10,270) which was hydrolysed by a 0.5 

molar equivalent of Ba(OH)2 in aqueous MeOH to the barium salt of KDO (14) 

(C, 29.6: H, 4.6. Calc. for BaC16H26016.2H20, C, 29.7: H, 4.6%). This 

was converted into the known ammonium salt by reaction with a molar equiva- 

lent of (NH4)2SO4 in aqueous ethanol to give the insoluble BaS04 and the 

soluble ammonium salt9 which could be isolated as crystalline plates (85% 

aq. EtOH); m.p. 121-124°C; [a]68 + 38.6 (C 1.1, H20); 1~ n.m.r. (200 MHz) 

in D20 (Me4Si ref)7b &H 4.56-4.42 (m), 4.16 (m), 4.09-3.99 (m), 3.93-3.55 

(m) I 2.57 (dd, J=14.2, 6.7 Hz), 2.33 (m), 2.09-1.81 (m). (C, 35.3: H, 

7.1; N, 5.3. Calc. for CgH17N08.H20, C 35.2: H, 7.0; N, 5.1%). 

HO 

10 R=CH*OH 6 

11 R=CHO 12 

HO 
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14 
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The above syntheses illustrate the use of the Wittig reagent (3) for the 

synthesis of salts of 3-deoxy-2-keto carboxylic acids of biosynthetic 

importance, via intermediates having acid-labile protecting groups. 

Acknowledgment 

We thank Beecham Pharmaceuticals and SERC for support of G.W.R. and A.M. 

MacL respectively and Dr A.R. Edgar (Heriot Watt University) for helpful 

discussion. 

References and Notes 

1. R. Ramage, G.J. Griffiths, F.E. Shutt and J.N.A. Sweeney, J. Chem. Sot. 

Perkin Trans.1, 1531 (1984); indem, ibid, 1539 (1984); R. Ramage, G.J. 

Griffiths and J.N.A. Sweeney, ibid, 1547 (1984); R. Ramage and P.P. 

McCleery, ibid, 1555 (1984); R Ramage and A.M. MacLeod, Tetrahedron, 

42, 3251 (1986). 



4880 

2. 

3. 

4. 

5. 

6. 

7. 

D. Charon and L. Szabo, Methods in Enzymol., 41, 94 (1975); indem, J. 

Chem. Sot. Perkin Trans. 1, 1175 (1973); V.N. Nigam, Can. J. Biochem., 

42, 1561 (1964) 

E. Haslam in 'Comprehensive Organic Chemistry', ed D.H.R. Barton and 

W.D. Ollis, Pergamon Press, Oxford, 1972, vol. 5, part 30.3. P.M. 

Dewick, Nat. Prod. Rep., 5, 73 (1988). 

W.H. Pearson and M.-C. Cheng, J. Org. Chem., 52, 1353 (1987). 

J.G. Buchanan et al, Carbohydr. Res., 100, 75 (1982). D-Arabinose was 

converted into the dithiane with EtSH followed by bis-acetonide 

formation which afforded a mixture of 2,3:4,5 and 2,5:3,4 

di-0-isopropylidene isomers. Subsequent HgC12/HgO liberation of the 

aldehyde function gave only one isomer (5). 

F.M. Unger, Adv. Carbohydr. Chem. Biochem., 38, 323 (1981). 

For other syntheses of KDO see (a) M. Imoto, S. Kusumoto and T. Shiba, 

Tetrahedron Letters, 28, 6235 (1987), (b) S.J. Danishefsky, W.J. Pearson 

and B.E.Segmuller, J. Am. Chem. Sot., 107, 1280 (1985), (c) R.R. Schmidt 

and R. Bets, Angew. Chem. Int. Ed. Engl., 23, 430 (1984), (d) P.M. 

Collins, W.G. Overend and T. Shing, J. Chem. Sot. 'Chem. Commun., 1139 

(1981), (e) C. Hershberger and S.B. Binkley, J. Biol. Chem., 243, 1578 

(1968), (f) J.W. Cornforth, M.E. Firth and A. Gottschalk, Biochem. J., 

8. 

9. 

68, 57 (1958). 

H. Setoi, H. Takeno and M. Hashimoto, Tetrahedron Letters, 26, 4617 

(1985). 

NH4+ salt of KDO, m.p. 119-122, [c]s7 + 39.2 (C 1.7, H20). C. 

Hershberqer, M. Davis and S.B. Binkley, J. Biol. Chem., 243, 1585 

(1968). 

(Received in UK 5 July 19881 


