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ABSTRACT
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The hydroxy-directed reduction of 1,2-dehydropiperidines with the “ate”

complex of DIBAL-H and n-BulLi affords functionalized trans-2,6-

disubstituted piperidines. This methodology was employed in the asymmetric synthesis of the quinolizidine alkaloid (-)-lasubine I.

Piperidines are key structural units of numerous alkaloids
and pharmaceuticalsSimple 2,6-disubstituted piperidines,

most of these approaches are target specific and few provide
access totrans-2,6-disubstituted piperidines having ring

isolated from fire ant venom, are reported to possess a broadunctionality Such functionality is necessary for the con-

range of activities (necrotic, insecticidal, antibacterial, an-
tifungal, anti-HIV)2 Polyhydroxylated piperidines (azasug-

ars) are potent inhibitors of carbohydrate-processing en-

zymes, which suggests they will find utility in treating viral
infections, cancer, diabetes, and tuberculsis.addition,
piperidines serve as building blocks for the synthesis of more
complex alkaloids including the indolizidine and quinolizi-

struction of more complex bioactive alkaloids.

Recent efforts in our laboratory have focused\bsulfinyl
d-aminog-ketoesterd, a new sulfinimine i-sulfinyl imine)
derived polyfunctionalized chiral building block for piperi-
dine’ and pyrrolidiné alkaloid syntheses (Scheme®\While
these building blocks afforded mono- and bicyclic piperidine
alkaloids with appropriate ring functionality for further

dine ring systems, which in themselves exhibit a broad range

of biological activitiest As a consequence of the central role
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played by this ring system, numerous methods have beent. Synthesi£002 1781.

devised for the asymmetric syntheses of simple, unfunction-
alizedcis- andtrans-2,6-disubstituted piperidinédlowever,
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elaboration, the 2,6-substituents always had the cis relation-
ship/ We describe herein a new methodology for the
construction oftrans-2,6-disubstituted, ring functionalized
piperidines and demonstrate the utility of the method with
the asymmetric synthesis of lasubine 1.

Yamamoto and co-workers reported the highly stereo-
selective reduction of 1,2-dehydropiperidinestitans-2,6-
disubstituted piperidines using M&—LIAIH 4.1° It was
suggested that the bulky Lewis acid (dé) coordinates to
the nitrogen lone pair and the resultarit®strain forces the
C-6 substituent into the axial position, facilitating formation
of the trans isomer. The situation for the reduction of a
functionalized 1,2-dehydropiperidine is likely to be more
complicated because of competition for the Lewis acid by
the functional group. Nevertheless a proximate functionality,
such as a hydroxyl group, could be used to direct the
reduction to give the desired trans isomer. To test this idea
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trans and cis-1,2-dehydropiperidine$a and 5b were
constructed as outlined in Scheme 2. Treatment ofyime
and anti-d-amino 3-hydroxy esters2a’™ and 2b"™ with 10
equiv of lithium N,O-dimethylhydroxylamine afforded the
corresponding Weinreb amides$)-3a and ()-3b in 90—
98% isolated yields. The methyl ketonels){4 were readily
obtained in 88-94% yield on reaction o3 with 10 equiv of
MeMgBr at —78 °C. Removal of theN-sulfinyl group with
2 N HCI and neutralization with 28% NjH gave the
desiredrans andcis-1,2-dehydropiperidinesaand5b. The
dehydropiperidines were isolated in crude form, dried
(MgSQy), and immediately added, via cannula, to the
appropriate reducing system a8 °C. These results are
summarized in Table 1.

Yamamoto observed that the hydride system LifMies-
Al reduces unfunctionalized 1,2-dehydropiperidines with
nearly complete trans selectivity while DIBAL-H gave
exclusively the cis produéf. We have observed quite
different results for the reduction of 4-hydroxy 1,2-dehy-
dropiperidines. Thus reduction ofrans5awith 7.0 equiv
of LiAIH s MezAl (THF) gave 4-hydroypiperidinesH)-6:
(—)-7 in an 88:12 cis:trans ratio (Table 1, entry 1), while
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Hattori, K.; Yamamoto, HJ. Am. Chem. Sod 983 105, 2831.
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(2R,4S,6R)-(+)-8
2,6-Cis

DIBAL-H (CHCI;) gave a separable 30:70 mixture of cis:
trans ()-6:(—)-7 (entry 4). The major isomer G4R,6R)-
(—)-7 was isolated in 60% yield and its configuration was

Table 1. Reduction of 4-Hydroxy-1,2-dehydropiperidinBsat
—78°C

hydride equiv piperidine (% yield)?
entry 5 reagent (solvent)? cis-6:trans-7¢
1 5a LiAlHzMesAl 7.0 (THF) 88:12 (60)
2 NaBH, 1.0 (THF) 75:25 (70)
3 DIBAL-H 4.0 (THF) 99:1 (65)
4 DIBAL-H 4.0 (DCM) 30:70 (60
5 DIBAL-H 2.0 (DCM)d  99:1 (40)
6 DIBAL-H:MezAl 4.0 (DCM) 80:20 (60)
7 DIBAL-H 4.0 (PhMe) 83:17 (60)
8 DIBAL-H:n-BuLi 4.0 (Et,0) 1:99 (68)
9 5b DIBAL-H 4.0 (DCM) (+)-8, 99:1 (58)
10 DIBAL-H:n-BuLi 4.0 (Et,0) (+)-8, 99:1 (68)

a Piperidine5 added to the hydride reagehtisolated yield of the major
isomer.¢ Ratio determined byH NMR. 9 DIBAL-H added to the imine.

Org. Lett., Vol. 5, No. 21, 2003



determined by NOE studies and by X-ray crystal structure
analysis. Interestingly, carrying out the reductiorbafwith Scheme 4

DIBAL-H in THF or the addition of DIBAL-H (CHCI,) to o VoBr
the dehydropiperidine resulted in only the cis produef-6 & 10 equiv CC?
being identified (Table 1, entries 3 and3)Significantly, p-Toly” " "NH OH O

the “ate” complexj-Bu,Al(H)-n-BuLi, prepared by adding \
n-butyllithium to DIBAL-H,*? reduced5a with complete MeO OMe
trans selectivity affording-)-7 in 68% isolated yield (Table MeO
1, entry 8). We suggest that these results can be explained

in terms of alkoxy aluminum species | and Il, which shield

the top face of the €N double bond with increasing steric Q OH

. _S. 1) 2N HCI
bulk (Scheme 3). This added bulk would favor approach of p-Tolyl” "> NH OH O 2) 28% NH,OH
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the hydride reagent from the bottom, which would produce
the trans product. Other alkoxy aluminum species including S
the ring-flipped chair and the twisted boat cannot, at this 28% NHOH afforded 4-hydroxy 1,2-dehydropiperidiné,
time, be ruled out. In support of these arguments is the fact Which was dried and immediately added to 2.0 equiv of the
that reduction otis-5b with these reagent systems produces 1-BU2AI(H)-n-BuLi complex in ether. After the addition was

only cis-(2R4S,6R)-(+)-2-methyl-6-phenylpiperidin-4-08) complete the reaction mixture was allowed to slowly warm
(Table 1, entries 9 and 10). The structur¢){ was t0 10°C (-78°C, 4 h;—45°C, 4 h;—20°C, 4 h; 10°C, 8
supported by NOE and NOESY studiés. h). Deviations from this protocol resulted in reduced yields.

(—)-Lasubine | (2), a member of the Lythraceae family ~Quéenching and workup afforded-J-lasubine 1 {2) as a
of naturally occurring alkaloids that contain the 4-arylquino- Single diastereomer in 60% yield for the four steps and with
lizidine substructure, has been the subject of only a few Properties consistent with literature valifes.

asymmetric synthesés®<The key step in Comin’s synthesis N summary, the hydroxy-directed, highly diastereoselec-
was a diastereoselective (86% de) addition of a Grignard tive trans reduction of 4-hydoxy 1,2-dehydropiperidines with
reagent to a chiral 1-acylpyridinium séftAn aza-Diels- the “ate” complex of DIBAL-H andn-BuLi is described.

Alder reaction employing a resolved chiral aldehyde tricar- This new methodology affords functionalizéicans-2,6-
bonylchromium complex was also used in the synthesis of disubstitued piperidines and was employed in a concise
lasubine 1l (Scheme 4%. The Weinreb amide was treated aSymmetric synthesis of the quinolizidine alkaloiet){
with 10 equiv of (4-chlorobutyl)magnesium bromiflén lasubine 1 (2).

ether-THF at —78 °C to give the chloro ketone~)-10in
53% vyield following isolation by preparative TLC. Removal
of the sulfinyl group wih 2 N HCI and neutralizing with
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