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A chemo- and stereoselective palladium-catalyzed amination of silylated butenediol dicarbonates has allowed for the introduction of a glycine
moiety to obtain a desired functionalized epoxysilane. A stereoselective aldolization then delivered the piperidine ring which may be used as
a precursor for the synthesis of a variety of polyhydroxylated azasugars. This efficient approach has been illustrated by the synthesis of
1-deoxymannojirimycin including a stereoselective reduction with LAH and a Tamao —Fleming oxidation of a C —SiMe,Ph bond.

For nearly half a century, glycosidase inhibitors have been Substituted piperidines, in genefand polyhydroxylated

the subject of intense interésRolyhydroxylated derivatives  derivatives} more precisely, have been the targets of a large
of nitrogen heterocycles are one class of active compoundsnumber of synthetic approaciedue to their potential as
that can be used as potential drugs to treat diabetes, hepatitigherapeutic agents and the need to find efficient access to
or various cancersAt physiological pH, their ammonium  biologically active analogues. Herein, we propose a general
salts have been recognized to act as transition-state analoguespproach for the synthesis of 1-deoxyazasugars as well as
of the enzymes. Moreover, as has been pointed out byBols, some silylated derivatives.

“The best glycosidase inhibitors are compounds that have a Scheme 1 illustrates our retrosynthetic analysis. Access

nitrogen in place of the exo- or endocyclic oxygen or to the desired polyhydroxylated piperidines could be achieved
anomeric carbon...It is more important to mimic the charge
development in th? trqn§|t|on stgte than the shape. nge (1) (a) Cai, G.; Salonikidis Petrus, S.; Fei, J.; Schwarz, W.; Schiile-in,
polyhydroxylated piperidines which have been well studied R.; Relatter, W.; Fan, H.:EIBS J.2005,272, 1625|—1h?(38. (b) Karaveg, K.;
ir inhihiti ; _ Siriwardena, A.; Tempel, W.; Liu, Z.-J.; Glushka, J.; Wang, B.-C.;

for their inhibiting properties are 1-deoxymannojiimyci),( o ner " W'y, Biol. Chem 2005, 280, 1619716307, (c) Zechel, D.
1-deoxynajirimycin (2), and fagomine (3) (Figure 1). L.; Withers, S. GAcc. Chem. Re000,33, 11-18. (d) Ganem, BAcc.
Chem. Res1996,29, 340—347.

(2) (@) Asano, N.; Nash, R. J.; Molyneux, R. J.; Fleet, G. W. J.
Tetrahedron: Asymmetr000,11, 1645—1680. (b) Kato, A.; Kato, N.;
Kano, E.; Adachi, I.; lIkeda, K.; Yu, L.; Okamoto, T.; Banba, Y.; Ouchi,

OH OH OH H.; Takahata, H.; Asano, Nl. Med. Chem2005,48, 2036—2044.
\OH (3) Lillelund, V. H.; Jensen, H. H.; Liang, X.; Bols, NChem. Re. 2002
HO ~OH HO.,. WOH 102, 515—553.
OH OH OH (4) For some recent reviews, see: (a) Bailey, P. D.; Millwood, P. A;;
H N H Smith, P. D.Chem. Commurl998, 633—640. (b) Laschat, S.; Dickner, T.
1 ;' 3 Synthesi2000, 1781—-1813. (c) Weintraub, P. M.; Sabol, J. S.; Kane, J.

M.; Borcherding, D. RTetrahedron2003,59, 2953—2989. (d) Felpin, F.-

. . . X.; Lebreton, JEur. J. Org. Chem2003, 3693—3712. (e) Buffat, M. G. P.
Figure 1. Structure of 1-deoxymannojirimycin (DMJ)) 1-deoxy- Tetrahedron2004, 60, 17%1_1729_ (©)

nojirimycin (DNJ) (2), and fagomines). (5) For a recent review, see: Pearson, M. S. M.; Mathé-Allainmat, M.;
Fargeas, V.; Lebreton, Eur. J. Org. Chem2005, 2159—2191.
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Scheme 1. Retrosynthetic Analysis of Polyhydroxypiperidines
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level of stereoselectivity iB due, in part, to the presence of
the three-membered ring.

Finally, the preparation of the desired allylami@iérom
the easily accessible silylated bis-allylic derivativesould
nicely illustrated the chemo- and stereoselective silicon
directed palladium-catalyzed alkylation we have recently
publishedt®

Our synthesis began with the preparation of the model
diacetatera bearing the triethylsilyl group. We found it to
react with N-tosylglycine methyl ester in the presence of
palladium catalyst anétPrOH as solvent (Scheme H?7

in a divergent way from the bicyclic systesn The nitrogen

heterocycle bearing the epoxysilane function was considered

to be of great interest, as it could be functionalized following
selected reactions such as nucleophilic attacks on the
epoxysilan&or Brook-type rearrangemerftsyith or without
migration of the silicon group? For example, from4,
chemoselective reduction of the ester and epoxysilane
functionalities should deliver the silyl analogue of DMJ.
Further reaction utilizing a Tamad-leming oxidation of the
C—Si bond should yield the protected form b#! On the
other hand, direct oxidation of the epoxysil&hehould give

a keto alcohol, which can be stereoselectively reduced to
yield DNJ 2. Our synthetic approach to the piperidine
skeleton would be based on an intramolecular aldol conden-

Scheme 2. Preparation and Palladium-Catalyzed Amination of
Silylated Allylic Derivatives7
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Pd(OAc), (2 mol%) Co,Me
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sation of the acyclic precurs&:® Previously, we reported
a strategy for the enantioselective preparation of silylated
epoxy cyclopentanols via a stereoselective aldolization to
build the five-membered cyclé.We expected the same high

(6) For selected recent approaches, see: (a) Wang, R.-W.; Quing, F.-L.
Org. Lett.2005 7, 2189-2192. (b) Segraves, N. L.; Crews,P Nat. Prod.
2005,68, 118—121. (c) Goodenough, K. M.; Raubo, P.; Harrity, J. P. A.
Org. Lett.2005,7, 2993—2996. (d) Martin, R.; Murruzzu, C.; Pesc.

A.; Riera, A.J. Org. Chem2005 70, 2325-2328. (e) Lemire, A.; Charette,
A. B. Org. Lett.2005,7, 2747—2750. (f) Legault, C. Y.; Charette, A. B.
Am. Chem. So®005,127, 8966—8967. (g) Thomassigny, C.; Barroso, M.
T.; Greck, C.Lett. Org. Chem2005, 2, 316—318. (h) McDonnell, C.;
Cronin, L.; O'Brien, J. L.; Murphy, P. VJ. Org. Chem2004,69, 3565—
3568. (i) Takahata, H.; Banba, Y.; Sasatani, M.; Nemoto, H.; Kato, A,;
Adachi, I. Tetrahedror2004,60, 8199—8205. (j) Adelbrecht, J. C.; Craig,
D.; Dymock, B. W.; Thorimbert, SSynlett2002, 467—470.

(7) For some silyl analogues of natural compounds, see: (a) Tacke, R.;
Schmid, T.; Merget, MOrganometallic2005,24, 1780—1783. (b) Bains,
W.; Tacke, R.Curr. Opin. Drug Disce@. Dev. 2003, 6, 526—543. (c)
Cavelier, F.; Vivet, B.; Martinez, J.; Aubry, A.; Didierjean, C.; Vicherat,
A.; Marraud, M.J. Am. Chem. So@002,124, 2917—2923.

(8) (a) Heffron, T. P.; Jamison, T. fOrg. Lett.2003,5, 2339—2342.

(b) Mordini, A.; Bindi, S.; Capperucci, A.; Nistri, D.; Reginato, G.; Valacchi,
M. J. Org. Chem2001,66, 3201—3205.

(9) For two reviews on the Brook rearrangement, see: (a) Moser, W. H.
Tetrahedror2001, 57, 2065-2084. (b) Brook, A. GAcc. Chem. Red974
7, 77-84.

(10) (a) Achmatowicz, B.; Jankowski, P.; Wicha, J.; Zarecki, JA.
Organomet. Cheml998, 558, 227—230. (b) Kira, K.; Isobe, MChem.
Lett. 2001, 432—433. (c) Courillon, C.; Thorimbert, S.; Malacria, ®1.R.
Chimie 2004,7, 797—807.

(11) Jones, G. R.; Landais, Yetrahedron1996,52, 7599—7662.

(12) Trost, B. M.; Ball, Z. T.; J6ge, TAngew. Chem., Int. EQ003,42,
3415—3418.

(13) For related intramolecular aldolisations, see: (a) Danieli, B.; Lesma,
G.; Palmisano, GTetrahedron Lett1981 22, 1827 1828. (b) Chandrakala,

P. S.; Katz, A. M.; Carell, H. L.; Sailaje, P. R.; Podile, A. R.; Nangia, A.;
Desiraju, G. RJ. Chem. Soc., Perkin Trans1998 2597-2608. (c) Bravin,

F. M.; Busnelli, G.; Colombo, M.; Gatti, F.; Manzoni, L.; Scolastico, C.
Synthesi004, 353—358.
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Unfortunately, due to the low reactivity of the intermediate
mr-allylic palladium complex, a competingelimination also
occurred to give the corresponding diedein 40% yield.
We therefore prepared a more reactive precurgdnaving
two allylic carbonate functionalities. This turned out to be
advantageous, the desired prodBizbeing produced in 75%
yield with only a trace amount of the dieréih. Careful
control of the reaction temperature was required for good
reproducibility. We noticed similar reactivity with the bis-
carbonaterc, bearing a functionalizable MRhSi group. In
this instance, we were able to isolate the allylic an8oén
71% yield as a 95/5 mixture of two stereoisomers.
Treatment of8c with a catalytic amount of potassium
carbonate in MeOH allowed for a smooth deprotection to
provide the corresponding allylic alcoh®In excellent yield
(Scheme 3). Epoxidation was next performed in a classic
manner with 2 equiv oin-CPBA. The epoxy alcohdlO, so
obtained was isolated in 75% vyield after purification.

(14) (a) Humiliere, D.; Thorimbert, S.; Malacria, 8ynlett1998 1255~
1257. (b) Thorimbert, S.; Taillier, C.; Bareyt, S.; Humiliére, D.; Malacria,
M. Tetrahedron Lett2004,45, 9123—9126.

(15) (a) Thorimbert, S.; Malacria, M.etrahedron Lett1996,37, 8483—
8486. (b) Thorimbert, S.; Malacria, Metrahedron Lett1998,39, 9659—
9660. (c) Commandeur, C.; Thorimbert, S.; Malacria, MOrg. Chem.
2003,68, 5588—5592.

(16) For the reactivity of silylated acetate alcohols with benzylamine
,see: Thorimbert, S.; Giambastiani, G.; Commandeur, C.; Vitale, M.;
Malacria, M.; Poli, G.Eur. J. Org. Chem2003, 2702—2708.

(17) For a DFT study, see: Branchadell, V.; Moreno-Mafias, M.; Pleixats,
R.; Thorimbert, S.; Commandeur, C.; Boglio, C.; Malacria, MOrgano-
met. Chem2003,687, 337—345.
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Scheme 3. Preparation of the Piperidine Skeleton
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However, the crude product was sufficiently pure to be used
directly for the next step.

Based on some of our past work, we used the iodoxy-
benzoic acid (IBX) to oxidize the primary alcohol. We also
tested SIBX!® a stabilized form of IBX, and obtained the
desired aldehyd® in a comparable yield of 65%. Signifi-

cantly, these three consecutive steps could be performed

without purification of the intermediates to gigefrom 8c

in 85% yield. The acyclic epoxy aldehy8eeacted smoothly

in the presence of DBU to give the piperidine ring in 92%
yield.!® This aldolization proved highly stereoselective, giving
mainly one of the four possible diastereomers (Scheme 3).
As expected, th&ransrelationship between the oxirane and
the created hydroxyl was totally controlléd.The two
diastereomergl and 11, obtained in an 85/15 ratio, cor-
responded to the two epimers at thex®f the cyclic amino-
ester. In the major produdi the ester functionality watsans
relative to the hydroxyl group. Attempts to improve the
diastereoselectivity by lowering the temperature, with or
without catalytic Yb(OTf), were unsuccessful. The two
diastereomerd and 11 could be separated by careful SiO

(46%). We reasoned that the free hydroxyl might first be
chelating to the reducing agent, thus disminishing the
regioselectivity of the reduction of the epoxysilyl function.
Thus, we protected the alcohblas its TBDMS ethefd 2 in

96% vyield. To our delight, this protection proved to be
beneficial for the reduction. After one night inEx at rt,

we observed the clean formation of two compounds. Direct
conversion of the crude mixture to the corresponding acetates
greatly simplified the purification (Scheme 4).

Scheme 4. Chemoselective Reduction of the Ester and
Epoxide andN-Tosyl Functions
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We isolated the expected diacetdi®in 54% yield, as
well as 6% of the triacetat®4 resulting from the removal
of the N-tosyl protecting group. The formation &# was
quite surprising in view of past literatuféIndeed, the N-Ts
bond is usually cleaved under more drastic conditions such
as DIBAL in refluxing toluene, or by the use of various
radical anions, such as sodium naphthalemide. Finally, we
took advantage of this result and were able to cleanly convert
12 into the triacetatd4 in 78% yield (Scheme 4).

To explain the clean deprotection of the secondary amine,
we propose that the ester aP is first reduced into an
aluminate, which then assists in the cleavage of the N—Ts

flash chromatography. However, we reasoned that under ourPond. The resulting alumino amino-alcoholate could form a

basic conditionsll could give the corresponding dehy-
droamino ester by dehydration. Indeed, frdnafter a
reaction time of 12 h, we obtained an 85/15 mixturedof
and the expected dehydroamino ester deriving ftdmThis
allowed for an easy isolation of purkin 78% vyield.

With the piperidine ring system in hand, we attempted
reduction of both the ester and the epoxide functionalities.
At first, the use of an excess of lithium aluminum hydride

stable 5-membered cycks (Figure 2). This proposition is

Me,PhSi  OAM,Li Me,PhSi  OAIH,Li
wOTBS wQ
A N B N Al-H
H'Al\ Ts o]

reduced both the ester and the epoxide in moderate yield

(18) Ozane, A.; Pouységu, L.; Depernet, D.; F@acB.; Quideau, S.
Org. Lett.2003,5, 2903—2906.

(19) For related intermolecular alkylations or aldolizations of amino
esters, see: (a) Keynes, M. N.; Earle, M. A.; Sudharshan, M.; Hultin, P. G.
Tetrahedron1996,52, 8685—8702. (b) Kazmaier, U.; Grandel, Eur. J.
Org. Chem.1998,1833, 3-1840. (c) Zumpe, F. L.; Kazmaier, &ynlett
1998, 1199—1200. (d) Kazmaier, U.; Zumpe, FAngew. Chem., Int. Ed.
1999,38, 1468—1470. (e) Kazmaier, U.; Maier, S.; Zumpe, FSknlett
2000, 1523-1535. (f) Kummeter, M.; Kazmaier, Bur. J. Org. Chem.
2003, 3330—3334. (g) De Nicola, A.; Einhorm, C.; Einhorm, J.; Luche, J.
L. J. Chem. Soc., Chem. Commif94 879-880. (h) Lorthiois, E.; Marek,

I.; Normant, J. FJ. Org. Chem1998,63, 566—574.
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Figure 2. Proposed intermediates during the reductiod of 12.

supported by the fact that we never observedTs bond
cleavage ford. For this compound, the aluminum is com-
plexed by the initially free alcohol early before any reductions
and finally gives the stable intermedigie

(20) Greene, T. W.; Wuts, P. G. MProtectve Groups in Organic
Synthesis, 3rd ed.; John Wiley & Sons: New York, 1999.
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Final oxidation of the &Si bond in13 and 14 was tions of Han?* Finally, the stereochemical assignment of the
performed according to the TamaBleming procedurd-?? formed compounds have been confirmed by an X-ray
(Scheme 5). Initial attempts at oxidation with the KBr/ structure analysis of5 (Figure 3)?°

Scheme 5. Tamao—Fleming Oxidation of the-€Si Bond
Me,PhSi  OAc HO  OAc ,l O',L 0-°
Hg(OAc), (1.5 equiv.) [‘}_— o ‘f
+OTBS «:OTBS HO.
N AcOOH/AcOH N o N
R OAc rt,18h A OAc P gi© 058
13R=Ts 15 R = Ts (65%) 7 e
14R=A 16 R = Ac (78% ; 15
¢ AcO,  OAc ¢ (78%) alliae
1) TBAF 6N HCl ; ;
16 ) " OAG 1.HCI Figure 3. X-ray Analysis of15.
2) Ac,O N reflux, 16 h
A
(quant.) © 17 OAc

In conclusion, we have reported a complementary,
highly selective, and efficient synthesis of polyhydroxylated
piperidines that rivals previous preparations (36%, 7 steps
from the acyclic precursdc). Our approach allows for the
differentiation of all the hydroxy groups, which we believe

X ) offer a great potential for the elaboration of more complex
Hg(OAc) in a ACOOH/ACOH solution, botfi3andl4were  ,comic molecules. A task which is under active investigation

oxidized into15 and 16 in 65 and 78% yield, respectively. iy oy jahoratory, as well as an asymmetric version of this
Interestingly, these polyhydroxylated piperidines are or- synthetic approact.
thogonally protected, which could be helpful for further
modifications. Finally, after selective removal of the TBS
protecting group, we acetylated the intermediate diol to
isolate in a quantitative yield, the known penta-acetylated
form of (£)-DMJ 17. Our!H NMR spectrum was not in
accordance with the one described by O’Doherty, but quite
similar to the description of HutchinsédWe fully depro-
tected17 with 6 N HCI aqueous solution and obtained the
expected product in a quantitative yield. THe and 13C Supporting Information Available: Full experimental
NMR spectra were in perfect accordance with the descrip- procedures, characterization of all new products, and refer-
ences to known compounds. Crystallograpic data for com-
(21) (a) Fleming, I Henning, R.; Plaut, H. Chem. Soc., chem. ~POUNd15 (CIF). This material is available free of charge

Commun.1984, 29-31. (b) Tamao, K.; Ishida, N.; Tanaka, T.; Kumada, via the Internet at http://pubs.acs.org.
M. Organometallics1983,2, 1694—1696. (c) See also a serie of papers

AcOOH mixture in a buffered AcONa/AcOH solution gave
the desired secondary alcohdsin a moderate conversion
of 50% after 15 h. Upon treatment with 1.6 equiv of
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from Fleming in: J. Chem. Soc., Perkin Trans.1P92, 3295—3369. OL051745I
(22) For some Tamao—Fleming oxidations applied in piperidine syn-
thesis, see: (a) Singh, R.; Ghosh, S.Titrahedron Lett2002,43, 7711— (24) Singh, O. V.; Han, HTetrahedron Lett2003,44, 2387—2391.
7715. (b) Vanecko, J. A.; West, F. @rg. Lett.2002,4, 2813—2816. (25) The authors have deposited the atomic coordinates for the structure
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