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We developed a very simple procedure to prepare fructose derivatives or fructosides. This procedure
waived the requirement of isomer separation, which is usually a very common and difficult problem
in fructose derivative syntheses. In this procedure, the hydroxyl groups were differentiated to expedite
the preparation of many kinds of other fructose derivatives and the alkoxy group in the fructosides could

exchange easily with alcohols under the mild acidic condition, which offered a new method to synthesize
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other fructosides through alcohol exchanging. By using this procedure, we successfully synthesized
fluorogenic fructose derivatives for high throughput enzyme screening. This methodology could expand
the usage of the abundant fructose in organic synthesis.

© 2013 Elsevier Ltd. All rights reserved.

Fructose is one of the most abundant natural products. Its deriv-
atives have many important applications in biological or medical
sciences. For examples, its analogs were tested as inhibitors for
fructose transporter GLUT5;! 2,3:4,5-bis-0-(1-methylethylidene)-
beta-p-fructopyranosesulfamate (Topiramate, brand name Topa-
max) is an anticonvulsant (antiepilepsy) drug approved by FDA;?
fructose-1,6-diphosphate (FDP) is used as clinical drug in the pre-
vention and treatment of acute hypophosphatemia and phosphate
depletion, and also has substantial cytoprotective effects in a vari-
ety of ischemia-reperfusion injury scenarios;> fluorescent fructose
derivatives were used as diagnostic reagents for breast cancer.* In
addition, its unlimited source and three chiral hydroxyl groups
make fructose very useful in organic synthesis.>® For example, its
diacetonide derivatives were used as catalyst for asymmetric epox-
idation.” Among them, derivatives with 1- or 6-position modifica-
tion are very common and useful.

Fructose exists as a mixture of two pyranoid, two furanoid, and
one acyclic keto-form tautomers. Simple derivatizations of fructose,
such as glycosidations, acylations, and alkylations, usually yield
product mixtures of, at worst, all five tautomeric forms. Therefore,
literature methods always required quite complex purification and
low yield procedures to prepare derivatives.> Separation of the ma-
jor component is cumbersome and highly detrimental to the yields
obtainable. Considering the important applications of many deriv-
atives of fructose, herein we report a new procedure for fructose
derivative syntheses, in which the operation offered a single isomer
product and waived complex isomer separation procedures.
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We first test methods to efficiently differentiate the three
hydroxyl groups in fructose, especially the two primary ones. Reac-
tion of fructose with TsCl, TPSCI (2,4,6-triisopropylbenzene-sulfo-
nyl chloride) or trityl chloride was very complex and showed low
selectivity to these hydroxyl groups. Treatment of fructose with
formic acid® afforded 6-formic fructose derivative but only in
25% yield. The reaction of fructose with 2,3-butadione, acetone,
or benzaldehyde was also very complex.

Then we treated fructose with acidic MeOH and got methyl
p-fructofuranoside 1 and 2 in 80% total yield with an isomer ratio
of 1:1 (Scheme 1). But fructoside 1 and 2 were quite polar and
showed little difference on TLC, and could only be separated by sil-
ica gel column with very careful operation. Then we treated
o-methyl fructofuranoside 1 with acidic MeOH and 2,2-dime-
thoxypropane to afford o-methyl 1,3-O-isopropylidene-p-fructo-
furanoside 3 in 75% yield, in which 1,3-dihydorxyl group were
selectively protected. However, to our surprise, when p-methyl
p-fructofuranoside 2 was treated under the same acidic condition,
the same product 3 was obtained in almost the same yield. In the-
ory, because 1,3-dihydroxyl group in B-methyl fructofuranoside 2
exists as trans-form, they could not form cyclic acetonide. It means
that the configuration of the methoxy group in 2 reversed under
mild acidic conditions, and both glycoside 1 and 2 will offer the
same product 3 under the same acidic conditions. Thus we tried
to simplify the procedure and run in large scale in an one pot pro-
cedure, by skipping the separation procedure of the two polar iso-
mers. Therefore, when the reaction mixture of the two
fructofuranoside 1 and 2 obtained by the reaction of fructose with
acidic MeOH was treated with 2,2-dimethoxypropane in the one
pot procedure, product 3 was obtained directly in 70% yield.®


http://dx.doi.org/10.1016/j.tetlet.2013.03.045
mailto:wwjie@tust.edu.cn
mailto:hongzy@nankai.edu.cn
http://dx.doi.org/10.1016/j.tetlet.2013.03.045
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet

K. Yu et al./Tetrahedron Letters 54 (2013) 2788-2790 2789

Q
HO OH D-fructose
OH OH
a
(1:2=1:1) HO 2
Configuration
Inversion
O b
OMe
Hd

3

Scheme 1. ‘One pot’ synthesis of a-methyl 1,3-O-isopropylidene-fructofuranoside
3. Reagents and conditions: (a) MeOH, cat. TsOH, rt, overnight; (b) Then added 2,2-
dimethoxypropane, rt, 40 min, 70%.
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Scheme 2. Synthesis of 1,3-O-isopropylidene-a-p-fructofuranoside 4 and 5.
Reagents and conditions: (a) vinyl acetate/acetone/1-octanol = 1:1:1, 1% TsOH, rt,
30 min, 60%; (b) vinyl acetate/acetone/BnOH = 1:1:1, 1% TsOH, rt, 30 min, 70%.

Usually the product from one pot will contaminate with a little bit
of unknown byproduct from the NMR (about 5%) when silica gel
chromatography separation was used for the purification, but it
is easy to be removed in the follow up transformation. The 1-OH
and 6-OH in compound 3 were differentiated and could be easily
derivatized separately. This procedure will produce a single isomer
product directly and waived any isomer separation, which is usu-
ally a very common and difficult problem in fructose derivative
synthesis.

The configuration of the methoxy group in the B-methyl
p-fructofuranoside 2 easily reversed under mild acidic condition.
We proposed that the process may occur through a carbonion pro-
cess, which resulted in the reversion of the configuration. Therefore,
we thought that we may use this procedure to synthesize other
fructosides by adding different alcohols under mild acidic condition.
Under the reaction condition of vinyl acetate, acetone, PTSA, when
1-octanol or BnOH was added, 1,3-0-isopropylidene-a-p-fructofur-
anoside 4 and 5 were obtained in 60% and 70% yields, respectively
(Scheme 2).!° The 4,6-di-O-benzyl protected fructofuranoside 6
can also take the similar reaction by treatment with 2,2-dimethoxy
propane/n-butyl alcohol and PTSA to afford a-butyl 4,6-di-O-ben-
zyl-1,3-0O-isopropylidene-p-fructofuranoside 7 in 80% yield
(Scheme 3).!' This procedure was quite simple to prepare
fructosides.

The developed procedure is very simple and could be used to
prepare many other kinds of fructose derivatives efficiently.
6-Coumarin p- and t-fructose (9 and 12) were used as fluorogenic
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Scheme 3. Synthesis of a-butyl 4,6-di-O-benzyl-1,3-0-isopropylidene-p-fructofur-
anoside 7. Reagents and conditions: (a) DMF, NaH, BnBr, 90%; (b) 2,2-dimethoxy
propane/n-butyl alcohol = 1:1, cat. TsOH, rt, 30 min, 80%.
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Scheme 4. Synthesis of p-fructose fluorogenic derivative 9 (6-coumarin-p-fruc-
tose). Reagents and conditions: (a) coumarin, PPhs, DEAD, THF, 90%; (b) TFA/H,0
(19:1), rt, 70%.

markers'? for high throughput screening of FDP and RhaD, which
are two broadly used aldolases in organic synthesis.'® The require-
ment of phosphoralated substrate seriously restricted the applica-
tions of aldolases,'® and directed evolution is one possible way to
solve this problem.!>!® The published procedure only offered com-
pound 9 in very low yield (7.8% overall yield) starting for p-fruc-
tose.!? It was even more difficult to synthesize enough amount of
12 which required expensive unnatural t-fructose!” as the starting
material. Herein we used this procedure to efficiently synthesize
these two fluorogenic fructose derivatives for directed enzyme
evolution.

Coumarin was coupled with a-methyl 1,3-O-isopropylidene-p-
fructofuranoside 3 at the 6-position through Mitsunobu reaction
(PPhs, DEAD) to afford o-methyl 6-coumarin-1,3-O-isopropyli-
dene-p-fructofuranoside 8 in 90% yield (Scheme 4). The free
4-OH has no any influence to this process. Then 8 was deprotected
with TFA at room temperature to afford the desired 6-coumarin-p-
fructose 9 in 70% yield which has the same NMR spectrum with the
published data.'? The total yield for 9 was improved to 44% when
calculated from fructose.

We then tried to use the above route to synthesize the L-form
product. As unnatural L-fructose was expensive, we started the
synthesis from cheap i-glucose. L-glucose was isomerized with
NaAlO, as base to give a mixture of glucose, mannose, and fructose,
in which fructose was the major component (70% from NMR)
(Scheme 5). Without separation, the mixture was used directly
for the following methyl glycosidation and acetonide protection.
Product o-methyl 1,3-O-isopropylidene-i-fructofuranoside 10
was obtained in 40% yield in three steps. Then according to the
similar procedure for compound 9, Mitsunobu reaction and TFA
deprotection, the desired 6-coumarin-L-fructose 12!? was obtained
in five steps with a total yield of 27% in a multigram scale.

In conclusion, we developed a very simple procedure to prepare
fructose derivatives or fructosides. This procedure waived the
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Scheme 5. Synthesis of L-fructose fluorogenic derivative 12 (6-coumarin-L-fruc-
tose). Reagents and conditions: (a) (I) aquous NaAlO,, rt, 2 days, (II) MeOH, cat.
TsOH, rt, overnight, (Ill) 2,2-dimethoxy propane, rt, 40 min, 40% overall yield for
three steps; (b) coumarin, PPhs, DEAD, THF, 85%; (c) TFA/H,0 (19:1), rt, 80%.

requirement of isomer separation, which is usually a very common
and difficult problem in fructose derivative syntheses. In this
procedure, the hydroxyl groups were differentiated to expedite
the preparation of many kinds of other fructose derivatives and
the alkoxy group in the fructosides could exchange easily with
alcohols under the mild acidic condition, which offered a new
method to synthesize other fructosides through alcohol exchang-
ing. By using this procedure, we successfully synthesized fluoro-
genic fructose derivatives for high throughput enzyme screening.
This methodology could expand the usage of the abundant fructose
in organic synthesis.
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