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A facile synthesis of a new trihydroxy piperidine derivative and
(+)-proto-quercitol from DD-())-quinic acid
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Abstract—We described herein the new synthesis of a trihydroxy piperidine derivative (1,4,5-trideoxy-1,5-imino-DD-ribo-hexitol) and
(+)-proto-quercitol from DD-())-quinic acid, both are considered as inhibitors for glycosidases.
� 2004 Elsevier Ltd. All rights reserved.
The naturally occurring polyhydroxylated piperidines
(called azasugars or iminosugars) are known for their
diverse biological activity.1 The representative molecules
included 1-deoxynojirimycin (DNJ),2 1-deoxymannojiri-
mycin (DMJ),3 and fagomine4 (Fig. 1). In addition to
the above mentioned natural products, a trihydroxyl-
ated piperidine derivative 15 (1,4,5-trideoxy-1,5-imino-
DD-lyxohexitol) has demonstrated potent inhibitions
against a-DD-glucosidase, b-DD-glucosidase, and b-DD-
galactosidase.5a It was first synthesized from 3-deoxy-DD-
ribo-hexose and required a glucose isomerase.5a Beside
the azasugars, the highly oxygenated cyclohexane
derivatives, such as quercitols (the generic term for
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cyclohexanepentols or deoxyinositols), are of interest
owing to their glycosidase inhibition activities.6 The
family of quercitols contained 16 stereoisomers7a but
only (+)-proto-, ())-proto-, and ())-vibo-quercitols were
found in plants.7b Among the 16 stereoisomers, the (+)-
proto-quercitol was discovered first, however, its syn-
thesis was not completed until 1968 by McCasland et al.
from DD-(+)-chiro-inositol.6 Recently one of the appeared
general strategies of synthesizing (±)-proto-quercitol
utilized the key intermediate, racemic 1,4,5-triacetoxy-
cyclohex-2-ene, which was derived from photooxygen-
ation of 1,4-cyclohexadiene followed by dihydroxylation
of the isolated double bond by Balci’s group.8
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In conjunction with our ongoing project on the synthesis
of glycosidase inhibitors starting from DD-())-quinic acid,
we will present here a facile synthesis of 2 (1,4,5-trideoxy-
1,5-imino-DD-ribo-hexitol), which is the 2,3-epi analogue
of 1 (Scheme 1). During this study, we realized that we
could further utilize one of its intermediates 6 (vide infra,
Scheme 1) to synthesize (+)-proto-quercitol (Scheme 2).

Compound 5 was prepared in four steps from DD-())-
quinic acid according to the literature procedure
(Scheme 1).9 The enone 5 was subjected to Luche
reduction10 at ambient temperature to afford 611 and 712

in 97% combined yield with a ratio of 1:1.4. The dis-
tinction between 6 and 7 was not so obvious since the
overlapping of a broad and multiple signals of H1, H4,
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Scheme 2. Reagents and conditions: (a) Ac2O, pyr, 93%; (b) (i) 80% AcOH,

Ac2O, pyr, 90%; (e) (i) KMnO4, MgSO4, (ii) Ac2O, pyr, 34% (two steps); (f
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Scheme 1. Reagents and conditions: (a) NaBH4, CeCl3Æ7H2O, MeOH, rt, 9

KMnO4, MgSO4, (ii) Pd/C, H2, MeOH, (iii) CbzCl, NaHCO3, (52%, three ste

Pd/C, 6N HCl, 85%.
and H5 were observed in their 1H NMR spectra.13 The
resolution of 6 and 7 was later confirmed by their
acetylation, respectively. The acetylated 7 showed the
NOE enhancement in NOESY experiment of H1 with
H4 and H5 but not acetylated 6.

Mesylation of 7 afforded allylic chloride 814 (87%) due to
the displacement of the mesylated group with chloride
through the SN2 reaction. Compound 8 was heated with
NaN3 in DMF through again the SN2 displacement to
furnish 915 in 85% yield. Compound 9 was subjected to
dihydroxylation and hydrogenation followed by pro-
tection with Cbz group to afford 10.16 It was found that
the employment of KMnO4/MgSO4

8 instead of OsO4/
NMO/TBOH conditions in dihydroxylation oxidation
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) NH3/MeOH, quantitative.
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of 9 could eliminate the pale yellow color during the
subsequent purifications. A two-step conversion of 10
by oxidative cleavage with NaIO4 then reduced with
NaBH3CN afforded 1117 in 76% yield. Thus compound
11 was allowed to be hydrogenated in 6N HCl over Pd/
C to provide the required azasugar 218 in 85% yield.

The structure of 2 was elucidated by HMBC and
HMQC experiments and the stereochemistry of H5 rel-
ative H2/H3 was further confirmed by no NOE obser-
vance of NOESY spectrum. Furthermore, efforts have
been made to synthesize 13, the enantiomer of 1, from
mesylation of 6 by the same manner of preparation of 2.
Unfortunately, it was proven fruitless. A tiny amount of
12 was received and most of 6 was recovered.

With the accomplishment of the synthesis of 2, it is
obvious for us that 1R,4R,5R-triacetoxy-cyclohex-2-ene
3 can be easily prepared from the proper transforma-
tions of DD-())-quinic acid (Scheme 2). Reports have
described the synthesis of (±)-proto-quercitol from the
racemic 3.8 Thus the chiral compound 3 can be used as a
crucial intermediate for synthesizing enantiomerically
pure (+)-proto-quercitol. Therefore, compound 6 was
acetylated to provide 14.19 The cyclohexyl group of 14
was removed by 80% TFA (aq). Without further puri-
fication, the resulting diol was treated with thionyl
chloride20 to furnish 15 in 70% yield in a diastereomeric
mixture.21 Compound 1622 formed predominantly in
72% yield by heating 15 at 90 �C with sodium acetate in
DMF. It is noteworthy to mention that the elevated
temperature (>110 �C) and extended reaction time will
cause the low yields of 16 due to the aromatization of
15. The stereochemistry and regiochemistry of 16 were
further determined after its acetylation to provide 3 with
spectroscopic data in accordance with the reported
values.8b Therefore, our synthetic (+)-proto-quercitol23

was obtained by the known procedure, which converted
3 through 4.8b

In conclusion, we have accomplished the syntheses of a
new trihydroxy piperidine derivative 2 and (+)-proto-
quercitol from DD-())-quinic acid each in eleven steps.
Through the proper transformations of DD-())-quinic
acid, it is promising to synthesize not only this series of
piperidine derivatives but also the diastereomers of
quercitols in the future. The biological study of 2 and
employment of the key intermediates 6 and 7 for syn-
thesizing a variety of enantiomerically pure quercitols
are under investigation.
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