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ABSTRACT

The cyclooctenol derivative 1 can be transformed into the nine-membered ring lactone 3, as well as the amino-containing carbocycles 4 and
5. The corresponding ketone 2 gives access to the conformationally locked azasugar 6.

In a recent paper from our laboratory1 we revealed inter alia
that methyl (4,5,6-tri-O-benzyl-1,2,8-trideoxy)-R-D-xylo-octa-
1,7-dieno-3-ulopyranoside (1, see Scheme 1) could be
smoothly converted via triisobutylaluminum (TIBAL) medi-
ated Paquette rearrangement,2,3 or thermally induced [3,3]-
sigmatropic Claisen rearrangement, into the respective
cyclooctenic compounds2 and3. It was also established that
2 underwent a fast acid-catalyzed ring closure to give the
lockedL-idose derivative4.

We wish to report here several highly stereoselective
transformations of theD-glucose-derived eight-membered
ring carbocycles2 and3.

To introduce additional functionalities on the cyclic
framework of carbocycle2, we first explored whether the
intrinsically fast acid-catalyzed ring closure (i.e., 2 f 4 in
Scheme 1) could be prevented by silylation of the secondary
hydroxyl group. Treatment of2 under standard conditions
with tert-butyldimethylsilyl chloride and imidazole in DMF

† Leiden Institute of Chemistry.
‡ Lead Discovery Unit, N.V. Organon.
(1) Van Hooft, P. A. V.; Van der Marel, G. A.; Van Boeckel, C. A. A.;

Van Boom, J. H.Tetrahedron Lett., in press.
(2) Philippo, C. M. G.; Vo, N. H.; Paquette, L. A.J. Am. Chem. Soc.

1991,113, 2762. (b) Friedrich, D.; Paquette, L. A.J. Org. Chem.1991,56,
3831. (c) Paquette, L. A.; Friedrich, D.; Rogers, R. D.J. Org. Chem.1991,
56, 3841.

(3) Das, S. K.; Mallet, J.-M.; Sinay¨, P. Angew. Chem.,Int. Ed. Engl.
1997,36, 493. (b) Sollogoub, M.; Mallet, J.-M.; Sinay¨, P. Ang. Chem., Int.
Ed. 2000,39, 362. (c) Sollogoub, M.; Pearce, A. J.; Hérault, A.; Sinay¨, P.
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(see Scheme 2) resulted in the near quantitative isolation of
bicyclic compound4, instead of the silylated carbocycle5.
On the other hand, protection of2 using tert-butyldimeth-
ylsilyl trifluoromethanesulfonate in the presence ofN,N-
diisopropylethylamine in dichloromethane at-20 °C af-
forded5 in an excellent yield. Subjection of5 to a catalytic
amount of acid gave ketone6 and a small amount of a
product with a higherRf value. At this stage, it was of interest
to find out whether6 would be compatible with a Baeyer-
Villiger oxidation under acidic conditions. It turned out that
reaction of6 with m-chloroperoxybenzoic acid (m-CPBA, 2
equiv) in anhydrous dichloromethane led to the sole forma-
tion of the 1-O-silyl L-idose derivative7, which was in every
aspect identical to the minor product observed in the
aforementioned acid-catalyzed reaction of5. This result
indicates that the silyl protecting group in5 does not inhibit
the highly favorable 6-exo-trigring-closing reaction under
acidic conditions. Fortunately, oxidation of6 under basic
conditions afforded the expected4 lactone8. The regioselec-
tivity of the latter oxidation was corroborated independently
by ring opening of8 with either NaOH or NaOMe to give
the respective open-chain derivatives9 and10, the structures
of which were fully ascertained by mass spectrometry as well
as NMR spectroscopy. The formation of theR,â-unsaturated
aldehydes9 and10can be readily explained by base-assisted
elimination5 of benzyl alcohol from the initially formed
aldehyde.

The ketone function in6 also offers a suitable handle for
the installation of different functionalities on the carbocyclic
framework. The latter possibility is demonstrated in the
synthesis of the allylic amine derivative14 (see Scheme 3).

To this end,6 was first converted into theR,â-unsaturated
ketone11. Initial attempts to achieve this objective following
a standard protocol6 (i.e., LDA, benzeneselenyl chloride
(PhSeCl), then 30% H2O2) were unsatisfactory. On the other
hand, reaction of6 with PhSeCl in ethyl acetate,7 followed
by oxidation of the resulting crude selenyl derivative with
m-CPBA and subsequent elimination,8 furnished theR,â-
unsaturated ketone11 in 52% yield. Luche reduction9 of 11
with cerium(III) chloride and sodium borohydride in metha-
nol at 0 °C proceeded in a stereoselective fashion to give
(3R,4S,5R,6R,7S)-4,5,6-tri(benzyloxy)-7-tert-butyldimethyl-
silyloxy-3-hydroxycyclooct-1-ene (12), as evidenced by
NMR spectroscopy. Ensuing Overman rearrangement10 under
the improved conditions of Isobe et al.11 of the trichloro-
acetimidate13, easily accessible by reaction of12 with
trichloroacetonitrile in the presence of sodium hydride at 0
°C, gave the corresponding (3S,4R,5R,6S,8R)-3,4,5-tri(benz-
yloxy)-6-tert-butyldimethylsilyloxy-8-trichloroacetamidocy-
clooct-1-ene (14) in 46% yield over two steps. NOESY
experiments showed that the stereochemistry of14 is in full
accordance with the proposed structure.

The synthetic usefulness of allylic alcohol12 was exem-
plified further by its transformation into thecis-oxazolidinone
derivative16 (see Scheme 4) via a two-step sequence recently
devised by Nicolaou and co-workers.12 Accordingly, the
requisite urethane function in15 was obtained by reaction
of 12 with p-methoxyphenyl isocyanate in the presence of
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Scheme 2a

a Legend: (i) TBSOTf (1.2 equiv), DiPEA (1.2 equiv), CH2Cl2,
-20 °C, 30 min (95%); (ii) p-TsOH, aqueous THF, 30 min (93%);
(iii) m-CPBA, CH2Cl2, 20°C, 20 h (95%); (iV) m-CPBA (4 equiv),
NaHCO3 (3 equiv), CH2Cl2, 20 °C, 20 h (64%); (V) 1 M NaOH,
THF, 2 h (84%); (Vi) NaOMe, MeOH, 2 h (78%).

Scheme 3a

a Legend: (i) (a) PhSeCl, EtOAc, 20°C, 16 h, (b)m-CPBA,
NaHCO3, CH2Cl2, -78 to -20 °C, 1 h, then DMS, Et3N, 0 °C, 1
h (52%); (ii) NaBH4, CeCl3‚7H2O, MeOH, 0°C, 4 h (56%); (iii)
CCl3CN, NaH (60% disp.), CH2Cl2, 0 °C, 6 h (57%); (iV) K2CO3,
1,2-dichlorobenzene,∆, 2 h (80%).
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sodium hydride. Radical-mediated 5-exo-trigcyclization of
15 under the agency ofo-iodoxybenzoic acid (IBX)13 gave
oxazolidinone derivative16. The presence of the expected
cis-configuration of H-1 and 2 was inter alia gauged by NMR
spectroscopy (J3,10 ) 6.8 Hz,J9,10 ) 9.0 Hz).

The acid-catalyzed ring closure of2 into 4 (Scheme 1)
was an incentive to prepare the conformationally restricted
azasugar19 from ketone3 (see Scheme 5). Subjection of3
to ammonium formate and reduction of the in situ formed
imine with sodium cyanoborohydride in the presence of
molecular sieves gave amine17 with a high degree of
diastereoselectivity. TheS-configuration of the secondary
amine function was corroborated by NMR spectroscopy.
Treatment of17with a catalytic amount ofp-toluenesulfonic
acid for 2 h atambient temperature furnished the bicyclic
compound18. 1H NMR spectroscopy clearly indicated that
the piperidine ring in18 adopts a4C1-conformation, based
on thetranscoupling of H-2, 3, and 4. Hydrogenation of18
over palladium on activated carbon gave fully deprotected
(1S,2R,3S,4R,5S)-1,2,3,4-tetrahydroxy-9-azabicyclo[3.3.1]-
nonane (19), which is structurally related to calystegine B2.14

The latter naturally occurring compound is an inhibitor in
the micromolar range15 of both â-glucosidase andR-galac-
tosidase.16 Preliminary experiments showed that azasugar19
did not exhibit anyâ-glucosidase orR-galactosidase inhibi-
tion.

The results presented in this Letter clearly show that
cyclooctenic derivatives2 and 3 are valuable synthons in
the construction of highly functionalized eight-membered
ring carbocycles. Although several steps are not fully
optimized (i.e.,6 f 11, 15 f 16, and3 f 17), we are of
the opinion that our approach nicely compliments existing
methodologies17 for the synthesis of substituted eight-
membered rings. The potential usefulness of structurally
related carbocycles, derived from other and orthogonally
protected sugars, is currently under investigation and will
be presented in due course.
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Scheme 4a

a Legend: (i) p-methoxyphenyl isocyanate (1.1 equiv), NaH (60%
disp.), THF, 20°C, 1.5 h (76%); (ii) IBX, THF/DMSO, 90°C, 16
h (42%).

Scheme 5a

a Legend: (i) NH4
+HCO2

-, NaCNBH3, 3 Å sieves, MeOH/
CH2Cl2, 24 h (39%); (ii ) p-TsOH, aqueous THF, 20°C, 2 h (67%);
(iii) Pd/C, H2, EtOH, 48 h (78%).
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