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Synthesis of ~-Deoxy-~-manno-octulosonic Acid (KDO) 

By PETER M. COLLINS, W. GEORGE OVEREND,* and TONY SHING 
(Department of Chemistry, Birkbeck College, University of London, Malet Street, London WClE 7HX) 

propylidenation) into 2,3-dideoxy-5,6 : 7,8-di-O-isopropyl- Me2('& ,%$ H,OH + Me 2(< Co2Et HO -FEt Summary 2,3 : 5,6-Di-O-isopropylidene-~-mannose has been 
converted by five sequential reactions (Wittig reaction, 
deacetonation, hydrogenation, lactonisation, and iso- 

idene-D-octonolactone which in a Wasserman reaction 

obtained by hydrolysis. 
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OH 

gave an a-ketolactone from which KDO could readily be (1 )  0 (3)  

1 
)Mez 
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3-DEOXY-D-mUnnO-OCTULOSONIC ACID (KDO), a constituent 
of most Gram-negative bacterial cell envelopes, is generally 
synthesised by addition of oxalacetic acid or its di-t-butyl 
ester' to D-arabinose or by condensing D-arabinose tetra- 
acetate and (t-butoxyoxaly1)methylenetriphenylphosphor- 

D-Mannose has also been chain-lengthened to give 
KDO by subjecting i t  to sequential Nef and Kiliani reac- 
t i o n ~ . ~  In these reactions, pairs of stereoisomers are 
generated and this hampers the purification of intermediates. 

Now, we report a practical, high yielding synthesis of 
KDO from D-mannose in which intermediates with new 
centres of asymmetry are not formed and chromatography 
is not required. 

2,3 : 5,6-Di-O-isopropylidene-~-mannose~ (1) and (ethoxy- 
carbonylmethylene) triphenylphosphorane when heated for 
6 h in benzene under reflux gave the ethyl octenoate (2)t 
{[a];' +14*6"; Vmax 3500, 1720, and 1660 cm-l; Amax 210, 

E 6-9 x lo3}. This was deacetonated with 10% trifluoro- 
acetic acid in aqueous ethanol to afford compound (3) {m.p. 
134-135 "C; [a];' +31-9"} which in ethanol was hydro- 
genated over palladium-on-charcoal to yield the ethyl 
octonate (4) {m.p. 116-117 "C; +lo" (EtOH)}. 
Lactonisation and re-acetonation gave respectively the 

C02Et 
1 

1 

1 

t All new compounds gave satisfactory elemental analyses and well resolved 'H and 13C n.m.r. spectra. 'H Spectra were measured 
at 100 MHz and 13C spectra a t  15 MHz. Unless stated otherwise optical rotations were measured for chloroform solutions. 
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lactones (5) and (6) {respectively m.p. 156-157 "C; 
[a];* -16.6" and m.p. 88-88-5"C; [a]:' $6.6"; Vmax 
1765 cm-l (CO)). We find that on the 0.06 mole scale 
compound (1) can be converted into compound (6)  without 
purification of the intermediates (Z), (3), (4), and (5) in 77% 
overall yield. 

The di-O-isopropylidene-lactone (6) was converted into 
an a-keto-lactone by the method of Wasserman.6 Com- 
pound (6)  and tris(dimethy1amino)methane were stirred a t  
70 "C under nitrogen for 5 days to afford the 2-(dimethyl- 
aminomethylene) -1actone (7) after the crude dried initial 
product in ethyl acetate-ether (1 : 1) had been passed 
through a pad of silica gel. Compound (7) was obtained 
in 94% yield with m.p. 86-87-5 "C; [a]g -66.4"; Vmax 1630 
and 1730 cm-l (C=C, G O )  ; Amax 294 nm ( E  6.71 x lo4) ; 6, 
(250 MHz in C,D,) 2.13 (s, 6H, NMe,), 2.98 (ddd, J3,3, 14, 
J3,4 5.3, *J3,v 1.7 Hz), 2.74 (ddd, J3t.3 14, J3:4 8.8, *J3,v 
1.7 Hz), 7.05 [t, vinyl H(v), Jv,3 1-7, Jv,3, 1.7 Hz]; 6, 174.9 
(C-1), 87.2 (C-2), and 41.7 p.p.m. (NMe,). Oxygen was 
passed through a solution of compound (7) in dichloro- 
methane which contained Methylene Blue. The mixture 
was maintained a t  -72 "C and irradiated for 1 h with a 

tungsten filament 500 W photoflood lamp (Philips PF 308 
E121) and then worked up to give the blockeda-keto-lactone 

(OH), 1735, 1737 (GO) ,  and 1650 cm-l ( G C ) }  which in 
solution was preponderantly in the enol form (9)  (8, 

3.8 Hz), 2-44 (dd, J3,,3 18.7, J3,,4 8.3 Hz) [ca. 33% of com- 
pound (S)] and 6.08 (d, J3,4 1.8 Hz) [ca. 66% of compound 
(9)]; 8, 159.5 (C-1), 191.7 (C-2), and 33.6 (C-3) due to (8)  
and 169.9 (C-1), 143.5 (C-2), and 115.7 (C-3) p.p.m. due to 
(9) >. Hydrolysis of this material with aqueous trifluoro- 
acetic acid gave KDO as an amorphous solid in 85% yield, 
m.p. 140-142 "C (decomp.), [a]; +47-5" (in H,O) which 
was converted into the ammonium salt of KDO (10) in 75% 
yield from (8 + 9), m.p. 120-121 "C, undepressed when 
mixed with authentic material; [a];' +58-7" (7 min) -+ 
+40.1" (45 min); 13C n.m.r. spectrum in close agreement 
with those in the l i terat~re .~, '  This route gives better yields 
for the chemical synthesis of KDO than others reported in 
the l i terat~re . l -~ 

(8 + 9) (93%) {m.p. 102-104 "C; [a]"," +56.7"; Vmax 3250 

(250 MHz, CDC13-C,D6, 4: 1) 2.71 (dd, J3.3, 18.7, J3A 
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