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Both the Knoevenagel-Doebner’ and the Wittig’ reactions, when applied to a 
protected aldehydo sugar, can yield cr,P-unsaturated esters when the appropriate reagents 
are used, for example, monomethyl malonate (1) for the Knoevenagel reaction and 
methoxycarbonylmethylenetriphenylphosphorane (2) for the Wittig reaction. The 
Knoevenagel reaction is more stereospecific and yields the &rns product. 

With partially protected reducing-sugars having HO4 unsubstituted, an anomalous 
Wittig reactionZY3 takes place. Recently 3a derivatives of D-ribose, D&ose, and D-mannose , 
have been treated with the ylid 2, showing that when a 2,34Gopropylidene group is 
present the products are the CY and p anomers of the corresponding furanosyl C-glycosides. 
It was supposed that o$-unsaturated esters were formed initially and subsequently under- 
went a spontaneous Michael-type ring-closure to give the furanosyl C-glycosides. The 
participation of this type of unsaturated ester as an intermediate in the anomalous Wittig 
reaction has been questioned4, and the supposed intermediate 4 has been isolated’. 

In order to obtain more information about the supposed Michael-type cyclisation, 
we have reacted 2,3 : 5,6-di-&sopropylidene-D-marmofuranose (3) and 1 in pyridine- 
piperidine at 90”. An excess of 1 was gradually added to provide for its loss by de- 
carboxylation. The only product that was isolated in good-yield was methyl trans-23- 
dideoxy4,5 : 7,8-diU-isopropylidene-D-manno-act-2enonate (4,70%), m-p. 75-76O, 
[oL]g -9” (c 1.3, methanol), XzzH 215 nm (e 6 X 10m3). rH-N.m.r. data (CDCls): 6 6.85 
(dd, 1 H, J 5 and 15 Hz, H-3), 6.08 (dd, 1 H, J 1 and 15 Hz, H-2), 4.56 (ddd, 1 H, J 1 , 5, 
and 8 Hz, H4), 3.7 (s, 3 H, MeO), and 2.3 (d, 1 H, J 7 Hz, exchangeable with D,O, OH)_ 
Mass spectrum: m/e 301 (M’ -Me). 

Hydrolysis of 4 with 20% aqueous acetic acid yielded methyl bzns-2,3dideoxy- 
D-manno-oct-2enonate (5), m-p. 119-120”, [ol]g -28” (c 1, ethanol). ‘H-N.m.r. data 
(l&O): 6 6.86 (dd, 1 H,J 5.5 and 16 Hz, H-3), 6.05 (dd, 1 H,J 1.8 and 16 Hz, H-2), and 
3.7 (s, 3 H, MeO). 

Hydrolysis of 4 with 5% aqueous KOH yielded the monohydrate of pans-2,3- 
dideoxy4,S : 7,8-di_O-isopropylidene-D-nzanno-act-2+znonic acid (6), m-p. 117-l 18”, 
[o]g -19O (c 1, ethanol). ‘H-N.m.r. data (CDC13): 6 6.92 (dd, 1 H, J6 and 16 Hz, H-3), 
5.07 (dd, 1 H,J 1.5 and 16 Hz, H-2), 4.55 (ddd,J 1.5 and 6 Hz, H-4), and 1.3-1.5 (m, 
12 H, 2 CMe2). 
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Acid hydrolysis of 6 gave trans-2,3-dideoxy-D-manno-act-2enonic acid (7), 
m-p. 140-141°, [ac]g -24S” (c 1, water). ‘H-N.m.r_ data (DzO): 6 7.15 (dd, 1 H, J 5 
and 16 Hz, H-3) and 6.31 (dd, 1 H, J 1 and 16 Hz, H-2). On oxidation (sodium meta- 

periodate and Ag,O), 7 gave only fumaric acid, in accord with the trans configuration of 
the 2,3-double-bond. 

The accepted mechanism for the Knoevenagel-Doebner reaction does not 
suggest the possibility of the formation of cyclic products by any competing process, 
previously to, or simultaneously with, the formation of the double bond. 

The isolation of 4, the supposed intermediate in the ring-closure3n reaction, 
allows this supposition to be tested. However, 4 was stable under the conditions (the 
action of two mol of 2 under reflux in acetonitrile) reported for the anomaIous Wittig 
reaction. 

AIthough methyl cis- and trans4,5,7-tri-O-benzyl-2,3-dideoxy-D-?ibohept-2- 
enonate (8) cychse under mild, basic conditions (O_lM.MeONa in MeOH, 10 mm at room 
temperature)3Q, 4 was stable to such treatment. However, after 12 h, a mixture of methyl 
2-deoxy-45 : 7,8-di-O-isopropylidene-3-O-methyl-D-gZycero-D-gaZ~to- (9a) and -D-@‘ycerO- 
D-tale-octonate (9b) was produced in almost quantitative yield, and in the ratio 2 : 1 (by 
g.1.c.). These structures were assigned on the basis of elemental analysis, mass spectrum 
[m/e 333 (M’ - Me)] , i-r. spectrum [3500 cm-’ (OH; no absorptions for C=C and 
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=C-H)] , and ‘H-n.rn_r. data (CD&) [S 3-7 and 3-41 (2 Me0 in 9a) and 3.7 end 3.44 
(2 Me0 in 9b)]. Absolute configurations at C-3 were shown when acid hydrolysis in the 
presence of periodic acid, followed by Ag*O-oxidation and alkaline hydrolysis, gave a 
levorotatory (in water or acetone) mixture of methoxysuccinic acids. Thus, the pre- 
ponderant isomer had the D-g&em-D-g&X0 configuration6. 

The failure of 4 to cyclise is probably due to steric hindrance at the P-face in the 
transition state’. 
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The above results show that the unsaturated ester 4 cannot be an intermediate in 
the anomalous Wittig reaction that leads to 10. The annexed mechanism is proposed, 
which involves a betaine structure*. 

In an attempt to trap the intermediates in this reaction, an experiment was per- 
formed in diethyl malonate. In addition to 10, the only new product appeared to be 11, 
which could have been formed by the action of the anion of 3a on the mdonic ester. 
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