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The phenylglycinol-derived 2-pyridone 1 undergoes m-CPBA oxidation steroselectively leading to the chiral nonracemic unsaturated bicyclic
hydroxylactam 2, from which the enantioselective synthesis of (3R,5R)-3,4,5-trihydroxypiperidine (16) and the formal synthesis of the azasugar
epiisofagomine are described. The enantioselective synthesis of (S)-N-Boc-3-hydroxypiperidine and (3R,4S)-3,4-dihydroxypiperidine is also
reported.

Both naturally occurring (e.g., deoxynojirimycin, fagomine) has been a great deal of interest not only in the synthesis of
and synthetic (e.g., miglitol, epiisofagomine) polyhydroxy- the natural products themselves but also in that of chemically
lated piperidines, pyrrolidines, and indolizididd®mve been modified analogues. However, most of the methodologies
shown to be specific and potent inhibitors of glycosidases described for the synthesis of these compounds, which can
and have been demonstrated to have a great potential as drugse regarded as azasugars (also called iminosugars), start from
to treat a variety of carbohydrate-mediated diseases such asarbohydrates and, in general, require a large number of steps
diabetes, viral infections including HIV4 and cancer me-  to reach a specific target. Thus, the development of new

tastasi® (Figure 1). As a consequence, in recent years theremethods for the enantioselective synthesis of polyhydroxy-
lated piperidines constitutes an area of current intérest.
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The potential of chiral nonracemic bicyclic lactams derived
from (R)- or §)-phenylglycinol as versatile building blocks

The stereochemical assignment of compouds and5
was inferred by NMR spectroscopy. Moreover, the config-

for the enantioselective synthesis of piperidine derivatives uration of2 was confirmed by X-ray analysis of a crystal of
has previously been demonstrated with the synthesis ofthe acetylated derivativa.**

diversely substituted piperidines. In these syntheses the Formation of the bicyclic lactar can be rationalized by

oxazolopiperidine ring system is usually generated by considering the initial regioselective epoxidation of the-C

cyclocondensation of a 5-oxoacid derivative with phenylg-

Cs double bond of the pyridone ring, followed by ring

lycinol. A subsequent introduction of substituents on the cleavage of the resulting epoxide promoted by the lone

carbon atoms of the piperidine ring is achieveddspami-

electron pair of the nitrogen, to give the acyliminium cation

doalkylation, enolate or homoenolate alkylations, manipula- B, which would undergo the intramolecular attack of the

tion of the amide carbonyl group, or addition to the
correspondingy,3-unsaturated lactanisWe describe here
the one-pot generation of the highly functionalized chiral
bicyclic hydroxylactan® by an alternative procedure involv-
ing an unprecedented diastereoselective oxidation dRan (

phenylglycinol-derived 2-pyridone and its subsequent con-

hydroxy group present in the chiral inductor. The stereo-
chemical outcome of this reaction can be attributed to the
directing influence of the hydroxy group of the phenylgly-
cinol moiety, which is capable of hydrogen bonding with
the oxygen atom of the epoxidant. Thus, for pyriddrteere

are two conformationsla and 1b, in which the hydroxy

version into an enantiopure trihydroxypiperidine through a group can stabilize the two possible diastereotopic transition
route that establishes a formal synthesis of epiisofagomine.states of the epoxidation step by hydrogen bonding (Scheme

The starting pyridond was prepared from the pyridine
Zincke salt andR)-phenylglycinol as previously describéd.
Oxidation of1 with m-CPBA (4 equiv) in methylene chloride

2). The interactions between the phenyl ring and the carbonyl

at room temperature for 4 days afforded the unsaturated Scheme 2. Diastereoselective Epoxidation of the Pyridone

hydroxylactam? in 35—40% vyield as a single stereocisomer
(Scheme 1y.Modification of the reaction conditions, such

Scheme 1. m-CPBA Oxidation of the
(R)-Phenylglycinol-Derived Pyridong
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group in conformationla favor the reaction taking place
stereoselectively through conformatibh, on the si-sface,
affording epoxideA. A subsequent epoxide cleavage and
oxazolidine ring formation also takes place stereoselectively
to give lactam2, with the thermodynamically more stable
trans-3,8a configuratiot? Although the directing effect of
allylic and homoallylic hydrogen bond donating groups in
the peracid epoxidation of alkenes is well documented, there

as the amount of reagent, time, or temperature, did not gre relatively few examples in which the directing group is

improve the yield® In some runs, in which the yield &
was lower, small amounts of epoxidds(~10%) and5

(~5%) were isolated after column chromatography on silica

gel. Although the yield o is only moderate, it should be
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the starting material. Similarly, th®-silyl protected (TBDMS) lactam
derived from1 was recovered unchanged after exposursm{G@PBA.
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located further away from the double boldt is also worth
mentioning that, to our knowledge, this is the first example
of oxidation of a 2-pyridone witm-CPBA

The minor compound would be generated by epoxidation
of the double bond a2 with the excess at-CPBA, whereas
it is reasonable to asume that epoxitie formed from4 by
intramolecular ring opening of the oxirane ring, probably
during column chromatography, promoted by the hydroxy
group inanti. In fact, treatment of the unsaturated lactam
with m-CPBA led to the epoxidé in 28% yield.

In accordance with the above mechanism involving
hydrogen bonding by the phenylglycinol hydroxy group,
m-CPBA oxidation of dihydropyridon&'® took place with
the samer-facial diastereoselectivity to give (51% yield)
the saturated hydroxylactarmas a 4:1 mixture of epimers,
7aand7b, in which the major one7@) possessed the same
stereochemistry a& (Scheme 3). The mixture of isomers

Scheme 3
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aReagents and conditions: (a}CPBA (4 equiv), CEKCl,, 25
°C, 2 h (7, 51%). (b) B;, NaOMe, MeOH, 25°C, 3 h @, 50%).
(c) Ac,O, pyr, DMAP, CHCI,, 25 °C, 3 h, 70%. (d) BRI THF,
—78°C (30 min) to 25°C (3 h), 66%. (e) K Pd(OH}, BocO,
AcOEt, 65%.

7aand7b could not be separated by conventional methods,
but it was acetylated to give a mixture 8& and8b, from
which the major isomeBa could be isolated. The stereo-
chemistry of7a was unambiguously established by com-

(11) The experiment was done on a Enraf-Nonius CAD4 diffractometer
using graphite monochromated MaKadiation. The structure was solved
by direct methods (SHELXS-86) after applying Lorentz, polarization, and

parison of its spectroscopic data with those of a sample
obtained by catalytic hydrogenation of the unsaturated lactam
2. In contrast, treatment of dihydropyridoevith bromine
afforded (50% yield) a mixture of bromo lactarfa and
9b, the latter being the major product (15:85). The reversal
of the diastereoselectivity can be accounted for in terms of
an intramolecular hydrogen bonding between the hydroxy
and carbonyl groups. To avoid steric interactions with the
phenyl substituent, the bromonium intermediate is now
formed by the opposite diastereotopiere facel® Hydroxy-
lactam 7a was converted into th&l-Boc protected 9-3-
hydroxypiperidine 11 by simultaneous reduction of the
lactam carbonyl and €0 bond with borane THF complex
followed by catalytic hydrogenation of the resulting piperi-
dine 10 in the presence of di-tert-butyl dicarbonafe.

The synthetic potential of the unsaturated hydroxylactam
2 is illustrated by its conversion into the enantiopure
trihydroxypiperidinel6. Thus, the reaction & with catalytic
0OsQ, and NMO stereoselectively afforded the trinydroxylated
lactam12 as a sigle isomer in 78% yield (Scheme 4). The

Scheme 4. Synthesis of Enantiopure Trihydroxypiperidité.
Formal Synthesis of Epiisofagominhe
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aReagents and conditions: (a) Os®IMO, aq MeCN, 25°C,
24 h, 78%. (b) MeC(OMe), p-TsOH, CHCly, 25 °C, 24 h, 85%.
(c) BHs* THF, —78°C (30 min) to 25°C (3 h), 87%. (d) H, Pd/C,
MeOH, 65%. (e) MeOH, HCI, 95%.

sameexcfacial diastereoselectivity was also observed in the
dihydroxylation of the unsaturated lactab®, lacking the
hydroxy substituent, which was easily accessible from the

absorption (empirical PSI scan method) corrections. Full matrix least squaresynown lactaml77f by treatment of the corresponding enolate

refinement (SHELXL-93) using anisotropic thermal parameters for non-H

atoms and riding thermal parameters for H atoms (positioned at calculated

positions) converged to R factor of 0.0396 (for3) and 0.0733 (fo20)
(calculated for the reflections with> 2¢(I). 3 crystal data: @H1sNOy,
orthorhombic, space group2,2:2;, a = 5.8363(6),b = 14.926(2),c =
15.495(3) A;V = 1349.8(3) B u (Mo Ka) = 0.098 mnt1, D, = 1.345
g/cn?. Approximate dimensions: 0.1:4 0.15 x 0.55 mn#. Data collection
was up to a resolution oft2= 56.9°producing 1970 reflections. Maximum
and minimum heights at the final difference Fourier synthesis were 0.168
and—0.158 e A3. 20 crystal data: G4H13NOs, orthorhombic, space group
P212121 a = 6.155(1),b = 12.016(1),c = 17.465(2) A,V = 1291.7(3)

u (Mo Ko) = 0.109 mm?, D, = 1.415 g/cmd. Approximate
dlmen5|ons 0.2% 0.35x 0.58 mnd. Data collection was up to a resolution
of 26 = 60.8 producing 2254 reflections. Maximum and minimum heights
at the final difference Fourier synthesis were 0.585 ati450 e A3,
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with methyl phenylsulfinate, followed by thermal elimination Given that the protected intermedidat® had previously
of the sulfoxide (Scheme 5). This stereoselectivity was not been converted into epiisofagomine, an extremely potent
inhibitor for S-galactosidase (K4.1 nM)2° the above route
_ represents a formal synthesis of this azasugar. 1,5-Dideoxy-
. . 1,5-iminob-pentitols are known to have a moderate binding
Scheme 5. Synthesis of Enantiopure - . -
cis-3,4-Dihydroxypiperidine affinity for a broad range of glycosidases. In particular, 1,5-
iminopentitol16 selectively inhibits thex-L-fucosidase from

CGHST——\ CGHST——\ CSHQ]—»\ human placent®
OxN_° a O O O NP On the other hand, the stereochemical identity of d®l
U U ) — was confirmed by X-ray crystallograpHyof a crystal of the
17 18 HO19 o cprr.esponding carbqnam). Following a reaction sequence
CeHs similar to that described above, dib® was converted via
™\ R H the acetonide derivativel to (3R,4S)-3,4-dihydroxypiperi-
cd O NP o N NHCl dine (24; 2-deoxy-1,5-iminopentitot}, which has been
- Q —2— ; shown to be an inhibitor gf-glucosidase (K6 uM).2
q 3 Q 3 HO™ The diastereoselective oxidation of chiral amino alcohol-
X}—o 24 OH derived 2-pyridones opens new possibilities for the straight-
20 X =0 22 R = (R)-CH(CqHz)CHaOH forward preparation of highly functionalized bicyclic lactams,
21 X = Me, Me fl2sr=H which are valuable chiral synthons for the synthesis of
= enantiopure piperidine derivatives and, in particular, aza-
aReagents and conditions: (a) KH, Ph#@, THF, reflux, 90 sugars.

min, then NaCGQ;, toluene, reflux, 7 h, 90%. (b) OsONMO, aq
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