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Abstract : A practical procedure for transketolase catalyzed condensation of hydroxypyruvic 

acid with D-ribose has been used for the synthesis of D-sedohcptulose. 

Sedoheptulose (D-&no-heptulose), discovered in 1917 by La Forge and Hudson in Sedan spectabile, 

is important in primary and secondary plant metabolism, particularly in the pentose phosphate pathways, the 

synthesis of sugars during photosynthesis and the biosynthesis of shikimic acid and aromatic aminoacids. 

D-sedoheptulose has been synthesized by biological and chemical methods. It is extracted from plants such as 

Sedum spectabilel~ in which it is abundant, and from the fruit of Coriarb japonica3. It is also obtained by 

bioconversion from calcium gluconate using Flavobacteriwn TSC Ad. Two chemical syntheses of 

sedohepmlose derivatives have been describe& the first being the synthesis of sedoheptulose hexaacetate in 

four steps from cadmium D-altmnate5. the second that of sedoheptulose-7-phosphate from 24itroethanol and 

D-ribose-5-Pe. These chemical methods require many steps and giving racemates with yields that are poor (of 

the order of 15 %), though better than those obtained by the biological route. 

We describe here a one-step enzymatic synthesis of D-sedoheptulose 3, catalyzed by spinach 

uansketolase. This enzyme is involved in vivo in the building of sugars by csrboncarbon bond formation, and 

in particular by an aldolisation type reaction, although not strickly an aldolase. It catalyses the reversible 

transfer of a hydroxyacetyl group from a ketose donor to an aldose acceptor in the presence of thiamine 

pyrophosphate and magnesium. This enzyme is a useful catalyst for the synthesis of ketoses when 

hydroxypyruvate 1 is used as the donor substrate, because then the condensation becomes irreversible 

(Scheme 1). 
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Scheme 1 

Enzymatic synthesis of D-sedoheptulose 

We showed previously7 that spinach transketolase will accept numerous aldehydes as substrates 

including D-ribose 2. This aldehyde is a good substrate for transketolase; the ratio of initial reaction rates for 

ribose and glycolaldehyde, the best known substrate for this enxyme, is 0.30. We have shown that syntheses 

can be carried out with lower rates, in particular of 4-&oxy-Lerythrulose7 where V~t,y&Vglyccb,bb~,y& 

is 0.12. 

The use of baker’s yeast transketolase in the synthesis of monosaccharides has been developed in the 

last two years and syntheses using this enzyme have been reported recently s-lo. 

For the synthesis of D-sedoheptulose we condensed hydroxypyruvate (7 mmoles) onto D-ribose (7 

mmoles) in the presence of spinach transketolase (150 U) and its cofactorsll. 

Spinach transketolase is stereospecific towards a-hydroxylated aldehydes such as D-ribose; the 

reaction give only D-sedoheptulose, with a yield of 70 %J (about 1 g, [a]Jz = + 8). Heptulose was separated 

from the reaction mixture by filtration through H+ resin. 

As the identification of this heptnlose in its free form is relatively complex, we prepared its derivative, 

2,7-anhydm-D-sedoheptulose 4 by the action of hot concentrated sulphtuic acidlz. 
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Scheme 2 

Synthesis of 2,7-anhyd.roD-sedoheptulose 

Crystalline 2,7-anhydro-D-sedoheptulose13 was obtained with a yield of 60 46. Its physical constants 
agree with those reported in the literature2 ([a] J25 = - 149, m-p. = 156T). Its structure was confirmed by t3C 

NMR13. 
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It is of note that fructose-l,6 diphosphate aldolase, an enzyme often used for the synthesis of 

monosaccharidcst4~t5, cannot affotd sedoheptulose since erymmse, the aldose necessary for the reaction is not 

a substrate for this enzymel6. In addition, the product obtained directly from the transketolase catalyzed 

experiment is not phosphorylated, greatly simplifying the procedure for monitoring the progress of the 

reaction as well as the isolation of the product 

Thus the transketolization reaction is useful for the efficient and easy synthesis of D-sedoheptulose : 

this compound is obtained in a single step from the enzyme and readily accessible materials with a very good 

yield. 
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