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The synthesis of several

cis-2,3,6-trisubstituted piperidines has been developed employing the aza-Achmatowicz oxidation as the key reaction
step. Its usage is illustrated by the facile synthesis of the piperidin-3-ol alkaloids (

+)-deoxocassine and ( +)-azimic acid.

2,6-Disubstituted piperidin-3-ol alkaloids are abundantly
found in nature and have attracted much attention in recent
years from the synthetic communitjl.ypical representatives

of this family include spectalin€l], julifloridine (2), azimine

(3), and carpained() >3 The latter two structures correspond
to macrocyclic dilactones containing two molecules of the
characteristic 2-methyl-3-piperidinol skeleton with a carboxyl
group as a terminal substituent at the C-6 positidithey

are readily hydrolyzed to azimi&) and carpamic acidsj,
which are presumably their biosynthetic precursors. Since
their discovery in the 1960s, much effort has been directed

to the synthesis of these and other related alkaloids such as

cassine (7) and deoxocassine {Besides the interesting
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structural features, these compounds are also of pharmaceuti-
cal interest as they exhibit a wide range of biological
activities? The physiological effects stem from their ability
to mimic carbohydrate substrates in a variety of enzymatic
processes.

Despite the availability of many synthetic methods for this
class of compounds;*° there still exists a need to develop
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aReagents: (a) NaBH CeCk, MeOH, —40 °C; (b) TBSCI,
imidazole, DMAP, CHCI,, 25 °C; (c) methyl 3-(trimethylsilyl)-

procedures more efficient than those currently in existence. 4-pentenoateld), BFsOEb, CH,Cl,, —78°C; (d) Hp, PtOs, MeOH.

As a result of our ongoing studies on natural product
syntheses based on amidofuran chemiStrwe became
interested in employingN-tosylaminofuramd for the syn-
thesis of variougis-2,3,6-trisubstituted piperidine alkaloids.

In this paper, we report a new approach to the total syn-

thesis of azimic acidY) and deoxocassineB) based on

bomethoxy-substituted allylsilane reagentNegosylaminal
10(Scheme 1). The strategically placed carbomethoxy group
of 11 can then be utilized toward formation of both piperidin-
3-ols 5 and 8. Accordingly, the readily available furyl

the route shown in Scheme 1 which makes use of the aza-sulfonamided** was subjected to an oxidative ring expansion

Achmatowicz oxidatiof? as a key reaction step in the overall
sequence.

In an earlier study from our laboratory we had demon-
strated the versatility of the aza-Achmatowicz oxidation for
the synthesis of the putative indolizidine alkaloid 223A,
which was isolated from the skin secretion of a neotropical

with m-MCPBA according to the conditions reported by
Ciufolini.® The initially formed hemiaminal was immediately
treated with trimethyl orthoformate and catalytic BBEL
which furnished aminallO in 85% vyield. Whereas the
hemiaminal was difficult to purify, the resulting-tosyl-O-
methylaminall0 is a stable crystalline solid that could be

frog.1® Our retrosynthetic strategy for the present synthesis stored for extended periods of time. The exclusiis-

envisages initial construction of the functionalized piperidino
ester 11 via a Lewis acid induced addition of a car-
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orientation of the substituent groups can be rationalized by
assuming that AS-strain of the tosyl group forces the
methoxy and methyl groups to adopt a pseudoaxial orienta-
tion. Reduction ofLlO with NaBH, in the presence of Cegl
7H,0 (Luche conditiong§ stereoselectively produced alcohol
12 (Scheme 2), whose configuration was elucidated by NMR
studies. The reaction proved to be remarkably stereospecific,
providing the desiredis-alcohol12 in pure diastereomeric
form and in 60% isolated yield. This result may be attributed
to the steric hindrance between the pseudoaxially oriented
2,6-bulky substituents and an equatorially approaching
hydride reagent which explains the exclusive formation of
the cis-alcohol by axial approach of the hydritle.

Protection of the alcohol as the TBS ether (TBSCI,
imidazole, DMAP, CHClI,, 82% yield) followed by reaction
with methyl 3-(trimethylsilyl)-4-pentenoatd 4) in the pres-
ence of BR-OEL led to the somewhat labile allylic ester
15, which was immediately hydrogenated;(f?tG,, MeOH)
to give the key intermediatkl in 57% yield. The choice of
the hydrogenation catalyst proved to be crucial for the
success of the reduction. Our first attempts used palladium
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H Ts than we originally anticipated. A WolffKishner reduction
, . of 17 provided a complex, intractable mixture of products.
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Instead, ketonel7 was converted to the corresponding
aReagents: (a) MeNH(OMENCI, i-PrMgCl, THF,—20°C; (b) tosylhydrazone and then treated with DIBAH/Na®kvhich
CH;=CH(CH,)dl, t-BuLi, heptane~78 °C; (c) TSNHNH, EtOH, afforded18 in reasonable yield. After hydrogenation of the
25°C; (d) DIBAH, NaOH, CHC,, 0 °C; (€) H, P10, MeOH; (f) double bond with Pt the TBS protecting group was
TBAF, THF, 0°C; (9) Li, NHs, THF, =78 °C. removed with TBAF and the tosyl group was cleaved using
Li/NH3 to furnish deoxocassine (8) in 92% vyield for the

on carbon (Pd/C) as the catalyst in ethanol. The desiredthree-step sequence. _ _ _
product was isolated in low yield with a nearly equal amount ~ Having successfully obtained deoxocassiggftom pi-
of the isomerizecdN-tosylenamine. On the other hand, the peridinell, we extended the above strategy to the synthesis
use of PtQ (Adams catalyst) afforded the desired saturated Of azimic acid ). Our approach t&6 began with the LAH
piperidine11 as the exclusive product, with no evidence of reduction of esterll which afforded the corresponding
epimerization at C-6. As suggested by otHéthe preference ~ @lcohol19in 97% yield (Scheme 4). Conversion b8 to
for the cis-substitution pattern can be rationalized by assum- theé mesylate in the normal fashion followed by cyanide
ing that the steric bulk associated with the tosyl group directs displacement (NaCN, DMF) provided nitrigd which was
the attack of the allylsilane on the iminium ion to the side hydrolyzed to carboxylic acidlin 89% yield. Deprotection
of the G-methyl group, thereby leading to the formation of of the TBS group occurred during the basic hydrolysis
the all cis-stereochemistry. conditions used to conve0 into 21 (NaOH, MeOH).
Having achieved a reliable synthesis of the key piperidine Rémoval of the tosyl group with Li/Nkigave azimic acid
intermediatel 1, we proceeded to use this compound for the (5) in 70% yield. The spectra data obtained were in good
preparation of deoxocassing)(as well as azimic acidbj. agreement with those reported in the literattre.
Accordingly, the ester functionality present in piperidite In conclusion, we have developed an efficient protocol
was converted (85% yield) into the corresponding Weinreb for the preparation of hydroxylated piperidine alkaloids
amide 16 with methoxymethyl-amine hydrochloride and which employs an aza-Achmatowicz oxidation as the key
isopropylmagnesium chloride. AlthougiN-methoxyN- reaction step. Its usage was illustrated by the facile synthesis
methylamides are generally prepared from the ester using®f (£)-deoxocassine and (+)-azimic acid.
an aluminum-based reagéfitwe found that the use of
i-PrMgCI?° gave higher yields and resulted in a cleaner
overall reaction. Treatment df6 with 6-heptenyllithium in
heptane at-78 °C provided the expected ketot& in 56%
unoptimized yield (Scheme 3). The terminabond present
in 17 can be utilized for a synthesis of either cassingdr
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