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Dendrobate alkaloid (+)-241D  (-)-indolizidine 167B

The condensation of enantiopure #-amino esters with -ketoesters followed by cyclization and decarboxylation afforded 2,3-dihydro-4-pyridones
3, which were selectively hydrogenated to provide 2,6-disubstituted 4-hydroxypiperdines.

2,6-Disubstituted 4-hydroxypiperidine and 2,6-disubstituted for asymmetrically synthesizing this class of compounds have
4-oxopiperidine ring systems are found embedded within the appeared, which include Comins’s 2,3-dihydro-4-pyridone
frameworks of many biologically active natural products such methodology? Kunz's Mannich-Michael reaction strategy,

as lasubine It lyfoline,> myrtine3 and dendrobate alkaloid and Chenevert’'s enzymatic rodteln connection with our
(+)-241D* (Figure 1). In addition, they also serve as the key studies on the synthesis from enantiopdramino estersg,
intermediates in the synthesis of other alkaloids such as 2,6-we have reported a method for diastereoselective synthesis
disubstituted piperidines and indolizidingsSeveral methods
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treated with sodium methoxide or sodium ethoxide to afford
cyclization product2.'? Removal of the ester moiety i

OH H o by refluxing thesgs-ketoesters in a mixture of ethanol and
aqueous NaOH (1/1) provided 2,3-dihydropyridoBés high
r('j\ Cﬁ yields. Reduction of3 was obtained with NaBl or
n-CoHig™ N "CHs CH, hydrogenation catalyzed by Pd/C under ordinary pressure

in order to reduce both the-6C double bond and the-&O

Dendrobate alkaloid (+)-241D myrtine double bond. Under these conditions it was found that the
H reaction either did not occur or gave a complicated mixture.
OH After some experimentation, we found that under 50 atm at
m 50 °C the hydrogenation d8b or 3c provided4a or 4b as
- a single product. Thus, we have established a simple method
to obtain enantiopure 2,6-disubstituted 4-hydroxypiperidines.
OMe The overall yields for these four steps were over 55%.
OMe OMe To assign the stereochemistry of two new stereogenic
lasubine Il lythridine centers, we undertook the total synthesis of dendrobate

alkaloid (+)-241D using the present strategy. As shown in

Figure 1. Structures of alkaloids possessing 2,4,6-trisubstituted Scheme 2,5-amino ester6, obtained from ethyl B-
piperidine moiety.

) ) o ) ) Scheme 2
of 2,4,5-trisubstituted piperidiné8. Herein we wish to COMEt COMEt 5
describe a simple and efficient method for preparing 2,6- J/ 2= 2 steps Ji 2 é’H':Cé%:‘fgozEt
disubstituted 4-hydroxypiperidines and its application to the |, ¢ |, ref. 10 p.CoH,” “NH, 2. Na/EtOH
synthesis of dendrobate alkaloi#t)-241D and ¢)-indolizi- 81%
dine 16787910 5 6
As outlined in Scheme 1, our approach to 2,6-disubstituted o oH
4-hydroxypiperidines started from enantiopgdramino esters
ydroxypip PA | COEt 1 NaOH/EtOH/H,0 ((’j‘
2. Pd/C/H,, MeOH
-CoH N~ ~CH 2 y
ofle™ : 50°C, 50atm oo N M
Scheme 1 7 72% Dendrobate
0 alkaloid (+)-241D
[CO2R' 1. HOAC then R"COCH,COEt ﬁ‘\/EC%Rm
RV SNH, 2 Na/MeOH for 1a RSN R dodecenoat®& by a known procedure, was condensed with
Na/EtOH for 1b H . . .
1a:R=R' = Me ethyl acetoacetate and then treated with sodium ethoxide to
1b: R = Ph, R' = Et 2a:R=R"=R"= Me, 83% afford the cyclic product. After removal of the ester moiety
2b: R=Ph,R"=Me, R"=Et, 81% . .
2¢: R = Ph, R" = n-Pr, R" = Et, 79% of 7, the generated 2,3-dihydropyridone was hydrogenated
to provide the target moleculé.Ilts spectral data were all
aq N?g,,':ﬁ(EtOHl identical with those reported. In addition, by converting this
product to the corresponding Mosher ester, we determined
OH Q its enantiopurity to be greater than 97%. This synthetic result
O Pd/C/H,, MeOH ﬁ‘j\ indicated that the three substituents in this piperidine are all
N e 50 °C, 50 atm RSN R cis to each other. Therefore, we could conclude that during
R" "N” R i . .
H sa RoR F|\|/| o0 the hydrogenation the active species attack the two double
4a: R = Ph, R" = Me, 95% a: R =R"=Me, 79% i -
ab:R = P R" = n-pr. 952/0 3b. R = Ph, R" = Me. 78% bonds excluswe_ly from the back face of 2-alkyl or aryl group
3c: R =Ph, R" = n-Pr, 77% of enones3. It is notable that the present synthetic route

only involves six workup steps to give dendrobate alkaloid
(+)-241D in 46% overall yield and is much more efficient

. . o o
1, which were conveniently prepared on large scales accord-than those reported by Chenevérfroin' and their co
ing to Davies’ procedur&: After Laand1b were condensed ~ WOTKers.
with -ketoesters, the vinylogous urethanes generated were (11) (a) Davies, S. G.: Ichihara, Jetrahedron: Asymmetry991 2,

183. (b) Davies, S. G.; Ichihara, O.; Walters, I. AJSChem. Soc., Perkin
(9) Isolation: Aronstam, R. S.; Daly, S. W.; Spande, T. F.; Narayanan, Trans. 11994 1141.

T. K.; Albuquerque, E. XNeurochem. Red4986 11, 1227. (12) (a) Baraldi, P. G.; Simoni, D.; Manfredini, Synthesi€4983 902.
(10) Synthesis: (a) Polniaszek, R. P.; Belmont, S1.BDrg. Chem199Q (b) Backer, H. G. OJ. Prakt. Chem1961,12, 294.

55, 4688. (b) Jefford, C. W.; Tang, Q.; Zaslona, &. Am. Chem. Soc. (13) Selected data:o]?% +7.2 (¢ 2.0, MeOH) (lit# [o]%% +6.5

1991 113 3513. (c) Takahata, H.; Bandoh, H.; Momose HEterocycles 2.0, MeOH); IR (neat) 3271, 3182, 2962, 2921, 2852 H NMR (300

1995 41, 1797. (d) Lee, E,; Li, K. S.; Lim, JTetrahedron Lett1996 37, MHz, CDCk) 6 3.67 (m, 1H), 2.70 (m, 1H), 2.55 (m, 1H), 1.98 (m, 2H),

1445. (e) Michael, J. P.; Gravestock, Bur. J. Org. Chem1998 865. (f) 1.41 (m, 2H), 1.27 (m, 14H), 1.15 (d,= 6.2 Hz, 3H), 1.02 (m, 2H), 0.89

Angle, S. R.; Henry, R. MJ. Org. Chem1997, 62, 8549. (t, J = 7.0 Hz, 3H); EIMSm/z 241 (M").
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To demonstrate the ability of the present method for alcohol of10with benzyl chloformate, the secondary alcohol
synthesis of indolizidine alkaloids, we report the formal was converted into the corresponding ketone by Bess
synthesis of £)-indolizidine 167B as outlined in Scheme Martin oxidation. Hydrogenation of this ketone to remove

3. After the deprotection gf-amino estei8® using Pd/C-

Scheme 3
COEt 4 pd/C, Hy, rt.
V\): Me 2. HOAC then n-PrCOCH,COE
Ph 3. Na/EtOH -
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oxidation,
3. Pd/C, H, HO

82%

QIZ

(-)-indolizidine 167B

the Cbz protecting group providetll, which could be
transformed into the «)-indolizidine 167B by known
procedur€?lts spectral data were same with those repotted.

In summary, we have developed a method for synthesizing
2,6-disubstituted 4-hydroxypiperidines from enantiopure
SB-amino esters in four workup steps. Considering its simplic-
ity and that both enantiopufamino esters ang-ketoesters
are conveniently available, this method should be valuable
for preparing enantiopure polysubstituted piperidines as well
as some related alkaloids. The further application of this
method to the synthesis of other alkaloids is being pursued
in our laboratory and will be reported in due course.
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catalyzed hydrogenation, the generated ester was transformed (14) Selected data fdrl: [o]?% —10.2 € 1.5, CHCE); IR (neat) 3289,

into diol 10 following the procedure given above. After

2959, 2930, 1712 cnt; *H NMR (300 MHz, D,O) ¢ 3.62 (m, 2H), 3.10
(br s, 1H), 2.85 (m, 2H), 2.42 (m, 2H), 2. 12 (m, 2H), 1.62 (m, 8H), 0.95

selective protection of the amine moiety and the primary (t, J = 7.2 Hz, 3H); EIMSm/z 200 (M* + H).
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