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ABSTRACT

Lewis acid mediated competitive ring-opening reactions of N-tosyl-substituted oxa-bridged piperidinone ring systems are demonstrated. A
majority of the Lewis acids furnished the regio- and chemoselective reductive ring opening at the C 1—N bond, whereas TiCl 4 furnished at the
C,—0 bond in the presence of triethylsilane, affording functionalized furanones and dihydroxypiperidines, respectively.

Iminosugars are polyhydroxylated aza-heterocycles or pip- many reports available on ring-opening reactions, such as

eridines that show a wide range of biological activifi¢®r transition-metal-catalyzed asymmetric ring opening reactions
example, polyhydroxylated piperidine derivatives such as of oxa- and azabicyclic alkené%;® Sml-mediated ring
1-deoxyfuconojirimycinl and 1-deoxymannojirimycir? opening of oxanorbornane systeffiy, Lewis acids mediated

(Figure 1) are useful to inhibit glycosidase enzymes and ring opening reactions of oxa-bridged piperidinofes!
possess biological applicatiohd hus, we envisaged con- base-mediated ring-opening reactidhand TiCk-promoted
structing the hydroxylated piperidine systems via ring- ring-opening reaction of oxanorbornerfés.

opening reactions of recently reported substituted oxa-bridged Herein, we report highly regio- and chemoselective
piperidinones.The survey of literature reveals that there are reductive ring opening of oxa-bridged piperidinones toward
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functionalized furanones, 2-aryldecahydroquinoline-3,4-diols, || | N NN

and 2-arylpiperidine-3,4-diols (iminosugars).
We were initially interested in studying the ring-opening
reactions of the oxa-bridged piperidinorggsing mild acids.

The endoisomers of oxa-bridged piperidinone/fused piperi-

dinone systems3 were synthesizédvia the 1,3-dipolar

cycloaddition of rhodium(ll) acetate to generate a 5-membered-

ring carbonyl ylide withN-tosylimine. Further, the ring-
opening reaction of oxa-bridged piperidinorg& would
provide three possible competitive ring openings via N,
C,—0, and/or G—0 bonds. With this in view, the fused oxa-
bridged piperidinon8awas treated with a solid matrix like
Amberlyst-15 in dichloromethane to afford the proddet

Table 1. Synthesis of Hydroxy Furanonds

entry R X Y product 4  yield® (%)
1 3a, CGH5 —(CH2)4— a 95
2 3b, C¢Hs CH; CHs b 87
3 30, 4—FCGH4 —(CH2)4— [¢] 90

2Yields are unoptimized and refer to isolated yields.

Reaction of substituted/fused oxa-bridged piperidin@ies
with Amberlyst-15 also furnished the functionalized hydroxy
furanones4b,c, respectively. The reason for the selective

as a single diastereomer in 95% yield (Scheme 1, Table 1).cleavage at the £N bond of 3a—c may be due to the

Scheme 1. Amberlyst-15 Mediated C-N Bond Cleavage of
Oxa-Bridged Piperidinone3
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The structure was characterized as hydroxy furarznen
the basis of the spectral data. The proposed structuda of

was unequivocally corroborated on the basis of the single-

crystal X-ray analysis. The formation of produda clearly

indicates that the regioselective nucleophilic ring opening

occurs at the &-N bond of oxa-bridged compounga.

(3) Muthusamy, S.; Krishnamurthi, J.; SureshSknlett2005,19, 3002—
3004.

(4) (a) Lautens, M.; Fagnou, K.; Hiebert, &cc. Chem. Re2003,36,
48-58. (b) Chen, C.-L.; Martin, S. RJ. Org. Chem2006 71, 4810-
4817. (c) Cho, Y.-H.; Zunic, V.; Senboku, H.; Olsen, M.; Lautens,JM.
Am. Chem. So2006 128 6837-6846. (d) Parthasarathy, K.; Jeganmohan,
M.; Cheng, C.-HOrg. Lett.2006,8, 621-623. (e) Padwa, A.; Sandanayaka,
V. P,; Curtis, E. A.J. Am. Chem. S0d.994,116, 2667—2668. (f) Chen,
B.; Ko, R. Y. Y.; Yuen, M. S. M,; Cheng, K.-F.; Chiu, B. Org. Chem.
2003,68, 4195—4205. (g) Winkler, J. D.; Mikochic, P.Qrg. Lett.2004,

6, 3735—3737. (h) Maier, M. E.; Evertz, Rietrahedron Lett1988,29,
1677—-1681. (i) Marino, J. P., Jr.; Osterhout, M. H.; PadwaJAOrg.
Chem.1995,60, 2704—2713. (j) Padwa, A.; Brodney, M. A.; Marino, J.
P., Jr.; Osterhout, M. H.; Price, A. 7. Org. Chem1997,62, 67-77. (k)
Padwa, A.; Brodney, M. A.; Marino, J. P., Jr.; Osterhout, M. H.; Price, A.
T.J. Org. Chem1997,62, 78-87. () Brodney, M. A.; Padwa, Al. Org.
Chem.1999,64, 556—565. (m) Graening, T.; Bette, V.; Neudorfl, J.; Lex,
J.; Schmalz, H.-GOrg. Lett.2005,7, 4317—4320. (n) Mcmorris, T. C.;
Staake, M. D.; Kelner, M. Jl. Org. Chem2004 69, 619-623. (0) Padwa,
A.; Crawford, K. R.; Straub, C. S.; Pieniazek, S. N.; Houk, K.INOrg.
Chem.2006,71, 5432—5439. (p) Vogel, P.; Cossy, J.; Plumet, J.; Arjona,
O. Tetrahedron1999,55, 13521—13642.

(5) For ORTEP view of the compounds and 7a, see the Supporting
Information.

5102

formation of tosylammonium ioB as an intermediate rather
than oxonium ion6 in the presence of ahl-tosyl group,
which subsequently hydrolyzed to yield hydroxy furanones
4,

Successful ring-opening reactions of similar oxa-bridged
piperidines were also reportddk using Lewis acids to yield
the functionalized piperidine ring systems. To this end, we
planned to perform the reactions of oxa-bridged piperidinones
3 with various Lewis acids. The initial study of the oxa-
bridged piperidinon8awith BF;-OEt led to decomposition.
The above reaction was intended to perform in the presence
of hydride nucleophile. Thus, the reaction3z Et;SiH, and

Scheme 2. Lewis Acid Mediated G—N Bond Cleavage of
Oxa-Bridged Piperidinone8 in the Presence of E3iH
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BF;-OEt, afforded a single diastereom@a in 85% vyield
(Scheme 2, Table 2, entry 1). The structure and stereochem-

Table 2. Synthesis of Substituted Furanoriés

product yield®

entry R2 Lewis acid X Y 7 (%)
1 3a, CsHj5 BF3:OEts —(CHg)s— a 85
2 3b, C¢Hs BF;:OEt; CH3 CHj b 82
3 3¢, 4-FCHy BF3:OEt; —(CHg)s— c 89
4 3d, 4-FC¢Hy  BF3:OEt CHs CHs d 88
5b 3e, C(;H5 BF3'OEt2 *(CH2)4* e 75
6 3f, 4-MECGH4 BFg'OEtz CH3 CH3 f 77
7 33, CGH5 SDC14 *(CH2)4— a 80
8 3a, C5H5 TBSOTf —(CH2)4— a 90
9 3b, CeHs TBSOTf CHs CHs b 92
10 33, CGH5 Cu(OTf)g —(CH2)4— a 95
].1 33, CGH5 ZnBI‘z —(CH2)4— a
12 33, CGH5 In013 —(CH2)4— a

aYields are unoptimized and refer to isolated pure compounds, and the
substituent R= H for 7 except for entry 5° Rl = COOEt.
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istry of furanone7a were characterized on the basis of || GTGTNGE

spectral and single-crystal X-ramnalysis, which indicate

Table 3. Synthesis of Functionalized

the chemoselective reductive ring opening. Further, the gjs-pecahydroquinoline-3,4-diols amis-Piperidine-3,4-diol®

reaction of oxa-bridged piperidinon&b—f under similar
conditions afforded furanone derivativéls—f (entries 2-6).
In order to attain the piperidine ring system from oxa-bridged
piperidinones3, a subsequent investigation was proposed to
study other Lewis acids in the presence of38t. Toward
this end, the appropriate piperidinoBea was treated with
tin(IV) chloride at 0°C to furnish the furanon&ain 80%
yield (entry 7). Reactions a8a,b with other Lewis acids
such as TBSOTf and Cu(ll) triflate afforded the respective
furanones7a,b as single diastereomers in excellent yield
(entries 8-10). In the above reactions, no detectable quanti-
ties of other possible products such@ga the ring opening
at the G—O bond (Scheme 2) were observed.

Treatment of piperidinone3with other Lewis acids such

entry R X Y product 9  yield® (%)
1 3a, CeHs —(CHa)4— a 63
2 3g, 3-FCsHy —(CHa)s— b 75
3 30, 4-FC§H4 —(CH2)4— [ 70
4 3h, 3-FCgHy4 CHs CHs d 71
5 3i, 3—BI‘CGH4 CH3 CH3 e 80
6 3d, 4-FCgH, CHs CH; f 68
7 3b, CeHs CH3 CH3 g 67

2Yields are unoptimized and refer to isolated pure compognds

important to note that there is no product formation via the
cleavage at ¢O bond. Similar reactions of the fused oxa-

as ZnBp or InCl was not successful. Contrary to the | ERNNRNEGGE

literature report$h—* the above reactions furnished the
products via ring opening at the €N bond of3 instead of

the G—O bond. Hence, we rationalized that the presence of

the electron-withdrawing (tosyl) group tethered on the
nitrogen atom ofB favored the formation of tosylammonium
ion 5, which led to the selective cleavage at the-8 bond
rather than the C-O bond (Scheme 2). The intermedi#te
is expected to be as stable &s Further, the tertiary
carbocation that results from the;-€N heterolysis is

expected to be more stable than the tosylaminium ion in order

to furnish productgl and7.

Subsequent investigation was carried out toward the
synthesis of piperidinone8 via the cleavage at the.€0
bond of3. Thus, the fused oxa-bridged piperidinddgeon
reaction with E{SiH in the presence of Ti¢las a Lewis
acid at 0°C afforded produc®a in 63% vyield as a single

Figure 2. X-ray crystal structure o®a. There are two molecules
in the asymmetric unit; only one is shown.

bridged piperidinone8 furnished functionalized decahyd-

diastereomer (Scheme 3, Table 3). Interestingly, the spectraloquinoline-3,4-diolsb,c as single diastereomers. Subse-

Scheme 3. TiCl, Mediated G—O Bond Cleavage of
Oxa-Bridged Piperidinone Systems
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analysis clearly confirmed the formation of piperidine
skeleton9a via ring opening at the £-O bond. Notably,
the spectral data of produg indicate it to be ecis-diol.
The stereochemistry &awas further established by single-
crystal X-ray crystallographic analy8igFigure 2). It is

(6) Crystal data for the compoursh: GsHgNOsS, M = 415.54, 0.23
x 0.14 x 0.10 mn#, orthorhombic, space grolca2l witha = 13.841(9)
A, b=10.407(7) A,c = 28.006(18) A,o. = 90°,8 = 90°,y = 90°,V =
4034.4(5) B, T = 100(2) K, Ry = 0.0567, wR = 0.1205 on observed
data,z = 4, Dcaica= 1.368 g cn13, F(000)= 1776, Absorption coefficient
= 0.191 mm%, 1 = 0.71073 A, 23236 reflections were collected, 6924
observed reflections (& 20(1)). The largest difference peak and hete
0.578 and—0.341 e A3, respectively.
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guent reaction of the piperidinongh afforded the aryl-
piperidine-3,4-diol 9d in 71% vyield (entry 4). Further,
2-arylpiperidine-3,4-diol derivative®e—g with cis-geometry
were synthesized from the appropriate oxa-bridged piperi-
dinones3 (entries 5—7).

Mechanistically, titanium(lV) chloride would probably
coordinate to the oxa-bridged oxygen aférforming an
oxonium ion 10 rather than tosylammonium ion followed
by the chemoselective ring opening of oxygen bridge
produces tosyliminium ioril. The simultaneous hydride
nucleophilic addition on imine as well as carbonyl group of
11 would lead to the desired stereoselective prod@ct
(Scheme 4).

Scheme 4. Tentative Mechanistic Pathway of Ring Opening
of Oxa-Bridged Piperidinone towar@l
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The above reaction was performed on oxa-bridged pip- ||| | | AR AR

eridinone3e having an ester substituent led to the monohy-
droxy piperidinon€l2. It is observed that the keto group of
3eis intact under the similar experimental conditions. This
may be due to the absence of titanium metal coordination
with carbonyl group when the substrate has an ester
substituent (Scheme 5).

Scheme 5. Oxa-Bridge Ring Opening of an Ester-Substituted
Piperidinone3e
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Ticl, 3 = OH Figure 3. X-ray crystal structure ot4. There are two molecules
Et,SiH > WAV Ph in the asymmetric unit; only one is shown.
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the same above products. Thus, the chemoselectivity is not
dependent on the ratio of substrate/Lewis acid used in the
present study.

In conclusion, we have demonstrated the Lewis acid
mediated regio- and chemoselective reductive ring-opening
reactions of oxa-bridged piperidinone ring systems. A
majority of the Lewis acids yielded the selective ring opening
at the C-N bond, whereas TiGlyielded the reductive ring
opening at the €0 bond of oxa-bridged piperidinorgin
the presence of triethylsilane affording functionalized fura-
nones and dihydroxypiperidines, respectively. Further, this

Scheme 6. Synthesis of Functionalized methodology is highly useful to synthesizes- as well as
trans-Decahydroquinoline-3,4-diol andans-Piperidine-s 4-diol trans-dihydroxypiperidines. The synthesis of iminosugars
using this methodology and detailed mechanistic studies are

X y .
NaBH, TS\WM TiCl, Tj/ in progress.
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Further, we considered synthesizing the prodietith
trans-diol stereochemistry. To this end, the fused oxa-bridged
piperidinone3awas reduced with NaBiHn methanol. The
desiredendo-alcoholl3 was obtained in 75% vyield along
with furanone7ain 15% yield (Scheme 6). Thendcealcohol

Major diastereomer
v _ 141X,Y = —(CHy) (72%) : ; ; . ; }
13: X, Y = =(CH,), 16: X, Y = CH, (76%) Supporting Information Available: Experimental pro

18: X, Y = CH, cedures, spectral data for all new compounds, copies of
spectra for the products, and X-ray structural data for
compoundsda, 7a, 9a, and14. This material is available
13was treated with TiGlin the presence of B3iH to afford free of charge via the Internet at http:/pubs.acs.org.
trans-diol 14 in good yield.

The reductive ring opening at;€0 bond of anendo-

i i _di i (7) Crystal data for the compouridt: Gy3H290NO4S, M = 415.54, 0.22
alcohol13will tend to fur_mSh therrans (.jIOI tSter?O.ChemIStry' x 0.12x 0.06 mn¥, monoclinic, space group21/nwith a = 12.0025(12)
The presence dfrans-diol geometry in piperidind4 was A, b = 10.0400(10) Ac = 35.627(4) Ao = 90°, f = 94.042(2)°y =

also established by the single-crystal X-ray crystallographic 90°, V = 4282.6(7) &, T = 296(2) K, R, = 0.0638, wR = 0.1504 on
observed datagz = 4, Dcacg = 1.317 g cn13, F(000) = 1816, absorption

analysig (Figure 3). Similar reaction of oxa-bridged piperi-  coeficient= 0.183 mnTi, 2 = 0.71073 A, 20861 reflections were collected,
dinone 3b furnishedtrans-diol 16. In the above reactions, 7509 observed reflections # 24(1)). The largest difference peak and hole

; ; iy . : = 0.353 and—0.356 e A3, respectively. The structures were solved by
the ratio of compouncB/LeW|s acid is 1:2. Even in the direct methods and reflned by full-matrix least squares Fénusing

presence of an excess amount of Lewis acid reaction affordedsHELXL-97 software.
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