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TRIFLUOROMETHYLATION OF CHIRAL ALDEHYDE AND SYNTHESIS OF 6-DEOXY-6,6,6-
TRIFLUOROHEXOSES
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Trifluoromethylation of chiral aldehyde derived from sugar was efficiently carried out
by a modification of the reported procedure. The preparation of 6,6,6-trifluoro-L-daunosamine
was also achieved by using (2S,3R)-4,4,4-trifluorobutane-1,2,3-triol derivative.
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Sugar derivatives containing the trifluoromethyl group are considered to be attractive molecules not
only for important building blocks in the preparation of optically active fluoro molecules but also for
assessment of expected biological activity. Many kinds of the monofluoro- and difluorosugar analogues
have been studied to assess the biological activity of sugar analogues and/or glycosyl compounds.l) The
preparations of optically active trifluoromethylated carbinols have been developed extensively in recent
years,z) but elaboration on producing enantiomerically pure trifluoromethylated carbinols in a simple and
effective manner remains a task for the synthesis of 6-deoxy-6,6,6-trifluorohexose derivatives.3) We
describe herein the trifluoromethylation of a chiral aldehyde and the synthesis of 6-deoxy-6,6,6-
trifluorohexose derivatives involving 6,6,6-trifluoro-L-daunosamine.
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Trifluoromethylation was carried out efficiently by introducing trifluoromethyl iodide slowly (0.5
ml/0.5 h) to a mixture of zinc and aldehyde in dimethylformamide (DMF) under the irradiation of
ultrasound. This simple modification of the original procedure4) by the slow addition of trifluoromethyl
iodide is indispensable, because none of the desirable products can be obtained by the original procedure.
For example, the aldehyde 35) was trifluoromethylated in 47% yield to give a separable mixture of
diastereoisomers (4a and 4b) in a 1 : 2.5 ratio and the o,B-unsaturated aldehyde 5 (20%) (Chart 1).
Trifluoromethylation of 2,3-O-cyclohexylidene-D-glyceraldehyde also gave a mixture of 2R,3R- and
2R ,3S-isomers (6a and 6b, 70 % yield, ratio 3 : 2).
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Chart 1

The absolute configuration of the newly formed chiral center of 4a was determined to be the S-
configuration by X-ray analysis of the corresponding p-nitrobenzoate of 4a6). The structures of 6a and 6b
were determined by converting these compounds to the methyl ether 7a, b followed by comparison of the
spectral data and rotational values ([alp) with those of compound 7a (2S, 3S) derived from 4a (Chart 2).
Under the same trifluoromethylation conditions, other aldehydes7) derived from sugars also gave a
mixture of diasetereoisomeric products, and the absolute configuration of each diastereoisomer was
unamblguously determined in the same way as in Chart 2.
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Chart 2

As one synthetic application of trifluoromethylated polyols, the preparation of 6,6,6-trifluoro-L-
daunosamine (8),8) which is the sugar moiety of anthracycline antibiotics, was carried out from 6b (2S, 3R)
obtained from 2,3-O-cyclohexylidene-L-glyceraldehyde (Chart 3). In the synthesis of 8, the two points
(oxidation of 9 and allylation of imine 10) deserve comment. i) In the workup of the oxidation of primary
alcohol 9 to aldehyde by Swern oxidation, termination of the reaction by adding the reaction mixture to ice-
H9O at 0°C to avoid the epimerization was necessary. ii) The allylation of 10 with allylmagnesium
bromide yielded olefin (11) with low syn-selectivity (syn/anti = 3/2) due to a-chelation control.9)
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Chart 3. Reagents and Conditions: a; i PMBCI/NaH, ii HzO" iii PivCI/Py, iv CHy(OMe),/P205
v LIAIH, b; Swern Oxid. c; BnNH, d; allyl-B(OiPr), e; i TFAA/ EtN/DMAP, ii DDQ/CH,Clo~H,0, iii O
iv Me,S, v PNBzCI/Py
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Although the biological assay of 6-deoxy-6,6,6-triflucrohexoses (1a, 1b, 2a and 2b),10) prepared by the
present procedure, showed no significant inhibitory activity toward L1210 leukemia cells,11) we believe
that these 6-deoxy-6,6,6-trifluorohexoses are considered to play an important role in specifying the function
of a sugar moiety such as the L-fucose involved in cell-surface oligosaccharides.
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