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THE STEREOSELECTIVE SYNTHESIS OF D-RIBULOSE
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In the presence of zinc halide, 2-furyllithium reacts with 2,3-
O-isopropylidene-D-glyceraldehyde in a highly stereoselective manner
to give the chiral and stereo-defined alcohol, 2,2-dimethyl-4-(2-
furyl)hydroxymethyl-1,3-dioxolane, which is further elaborated to
afford D-ribulose in three steps.

The synthesis of sugars has held considerable attention in organic synthesis
in recent years, and we have also shown the possibility of the synthesis of this
class of compounds by highly stereoselective carbon-carbon bond forming reactions.l)

Now, we wish to describe a new and convenient method for the synthesis of D-
erythro-2-pentulose(D-ribulose) (1), a rare sugar found as an intermediate of
D-glucose metabolism, v<a the furyl alcohol 2 prepared by the stereoselective

addition of 2-furyllithium (3) to 2,3-0-isopropylidene-D-glyceraldehyde (4).
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Furyl alcohols have been successfully employed by O. Achmatowicz et al. as
key building blocks of the synthesis of sugars.z) Their method of furyl alcohols
synthesis consists of two processes, preparation of furyl ketones followed by the
metal hydride reduction, and there still remain two certain drawbacks; namely,

1) the necessity of resolution to obtain the alcohols in optically active forms,
and 2) the lack of stereoselectivity in the reduction of furyl ketones. Thus, it

is desirable to establish a convenient and straightforward method for the prepa-
ration of the optically active and stereo-defined furyl alcohols without resort to

resolution.

In the first place, the stereoselectivity of the addition of 2-furyllithium
to 2,3-0-isopropylidene glyceraldehyde was extensively studied, and it was found
that the coexistence of metal salt causes a significant effect on the stereo-
selectivity. Preliminarily, when 2-furyllithium was allowed to react with
2,3-0-isopropylidene glyceraldehyde (4) in THF at -78°C, a mixture of the
corresponding furyl alcohols (gg, %P) was obtained in 68% yield where the syn-alco-
hol %PS) predominated (entry 1). On the other hand, when carried out in the pres-
ence of metal salt, the present reaction was found to proceed stereoselectively to
afford the agnti-alcohol 2a, predominantly, as shown in the Table. Especially, in
the presence of ZnI2 almost pure gg was obtained even at the temperature of 0°C.
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Table Effect of the metal salt on the stereoselectivity

Additi 7~QH +
Fon . ) At ¥ L+ XA
CHO Li” 0 /THF “ .
H OH

HO
2

H
2a b

Entry Additive Temperature Yield($%) gg/gga)

1 None -78°C 68 40/60
2 MgBr, 0°C 49 50/50
3 snc1, 0°cC 58 95/5b)
4 ZnCl, -78°C 10 >95/<5
5 ZnCl, 0°C 60 90/10
6 ZnBr, 0°C 75 95/5

7 Znl, 0°C 57 >95/<5

1H NMR integration study of the corresponding

a) The ratio was determined by the
acetates7)(methine proton) in CCl4 in the presence of Eu(FOD)3 as a shift
reagent.

b) The reaction was carried out in toluene solvent.

Typical experimental procedure is as follows: To a THF solution of 2-furyl-
lithium prepared by conventional manner4) was added well dried zinc bromide (450 mg,
2 m mol) at 0°C and the resulting solution was stirred for 10 min. Then, to this
solution was added 2,3-0-isopropylidene-D-glyceraldehydes) (260 mg, 2 mmol) in THF
(3 ml1) and the reaction mixture was kept standing at 0°C overnight. The reaction
was stopped by the addition of a 4% NaHCO3 solution and the subsequent extractive
workup and the purification by silica-gel thin layer chromatography afforded 2,2-
dimethyl-4-(2-furyl)hydroxymethyl-1,3-dioxolane (297 mg, 75%).6)

As mentioned above, the enhancement of the anti-selectivity by metal salts
could be explained by assuming the fixed conformation of the aldehyde 4 by the
coordination of the zinc atom with the carbonyl oxygen and the 3—oxyge; of the
dioxolane ring as illustrated below.s) Nucleophilic attack of the anionic species
may occur from the less hindered side, i.e. the left side of the Figure I, to
result in the selective formation of the anti-alcohol 2a.
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Apart from the mechanism of this highly stereoselective reaction, the furyl

alcohol 2a thus obtained is a useful intermediate in the synthesis of sugars.
Thus, we turned our attention to the synthesis of D-erythro-2-pentulose(D-ribulose),
starting from the alcohol 2a. Initially, the alcohol 2a was treated with bromine in
methanol at —42°C9)to give the dihydrofuran derivative §10)in 80% yield.
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Next, 5 was treated with O3 in CHZCIZ—MeOH (-15°C, 8 hr), and then reductively
worked up by the treatment with NaBH, (0°C, overnight). Finally, the crude oil
obtained by the foregoing reaction was hydrolyzed with 2N HC1/THF (r.t. 5 hr) to
give crude D-erythro-2-pentulose 1, which was purified by silica-gel column
chromatography (AcOEt-n-BuOH-MeOHjHZO, 80:15:15:10).11) The structure of the
product 1 was confirmed by its o-nitrophenylhydrazone derivative,lza) ORD

e 12b) and comparison of the C NMR spectrum with that of an authentic

measurement,
Chemical synthesis of ribulose reported to date is based on i) base

sample.lzc)
13a)

catalyzed isomerization of aldose or ii) one carbon extension of a 4-carbon

sugar.lsb) Compared with these methods, the present method presents a very facile
preparation of the ketose 1 without time-consuming separating operations.

It is noted that the gresent procedure enables a very convenient synthesis of
D-erythro-2-pentulose via the chiral and stereo-defined furyl alcohol, prepared by
the zinc halide mediated stereoselective addition reaction of 2-furyllithium to
2,3-0-isopropylidene-D-glyceraldehyde.

Extensive investigation is also underway on the scope of this highly stereo-
selective reaction by the use of the chelation effect of metal salts.
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