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The reaction of iodides 1 and enantiopure -amino esters 2 mediated by potassium carbonate in acetonitrile at 65 °C provides quinolizidinones
or indolizidinones 3, together with piperidines or pyrrolidines 4. Hydrolysis of 4 to the corresponding carboxylic acids followed by treatment
of acetic anhydride/triethylamine gives 3 in high yields. Using 3a as a key intermediate, (-)-lasubine Il is synthesized in four steps.

Quinolizidine and indolizidine skeletons exist widely in many 5-amino estel® first attacks the terminal carbon of methyl
biologically important natural products or artificial molecules. 7-halo-2-heptynoaté&a® or methyl 7-halo-2-hexynoatih®

The stereoselective formation of these skeletons has thereforéo form a secondary amine, which attacks the electron-
become an important objective for synthetic chemists in the deficient triple bond to provide a heterocyclic intermediate.
past decade’s? One of the powerful methods for producing The vinylogous anion generated in a Michael addition step
these skeletons is through the reduction of quinolizidinones may attack the carbonyl group & to give the bicyclic

or indolizidinones. In addition, some alkaloids bearing the product3.

guinolizidinone moiety such as myrtihbave been found We noticed that the reaction sequence was crucial for this
in Nature. As a continuing effort on the synthesis from strategy. If the amino group attacked the triple bond first,
enantiopured-amino ester$,we were interested in building
enantiopure quinolizidinones and indolizidinones using the
method shown in Scheme 1. The amino group of enantiopure Scheme 1
third attack

- - second attack
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the enamine intermediate generated would not be sufficiently mixture was produced, or no reaction occurred in these cases
reactive to displace the primary halide. Accordingly, the (entries 7 and 9). A higher reaction temperature was favored

reactions of several halidds were tested with thg-amino
ester2a under various conditions. As indicated in Table 1,

Table 1. Reaction ofla with f-Amino Ester2a?

O OEt CO,Et CO,Et
CO,Et o}
=N L (Y cokt
I x. — > N N
1aa: X=0OMs OMe
1ab: X = OTf OMe OMe OMe
1ac: X=1 OMe OMe
2a 3a 4a
yield (%)P
entry X solvent temp (°C) time (h) 3a 4a
1 OMs DMF 25 24 c
2 OTf CH,Cl, —-15t0 0 12 5 65
3 | DMF 40—-50 12 16 30
4 | DMF 40-50 12 30 32
5 | DMF 25 24 25 39
6 1 DMF 70 2 33 26
7 | EtOH 25 10 d
8 1 DMSO 25 12 21 26
9 | C6H5 25 12 e
10 | MeCN 65 36 44 45
11 | MeCN 80 24 48 31

@ Reaction condition: iodide (0.22 mmo}j;amino ester (0.22 mmol),
4 A MS (50 mg) in 4 mL of solvent, GEOs (0.22 mmol) for entries 1 and
3, 2,6-lutidine (0.22 mmol) for entry 2, or&0O; (0.22 mmol) for entries
4—11.%Isolated yield°79% Michael product was isolateiComplex
mixture was determined by TLC.No reaction occurred.

reaction of mesylatéaawith 2ain DMF under the action
of CsCO;s provided the Michael addition product exclusively
(entry 1). However, when the more reactive triflath was

for producing3abut gave slightly lower total yields (compare
entries 4, 5 and 6, 10 and 11).

To make the present method more useful for the prepara-
tion of enantiopure quinolizidinones, we sought a method
to convert4a to 3a. Initially, Michael's procedure was
tested” Thus, 4a was hydrolyzed selectively with 1 equiv
of NaOH and the resultant sodium salt was treated with
methyl chloroformate. It was found th&a was produced
but the yield was only about 40%. After some investigations,
we found that a stepwise method providgain much better
yield (Scheme 2). Accordingly, hydrolysis df followed

Scheme 2
aq NaOH, then CICO,;Me, EtsN
4a > 3a
~40%
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COEL CICO,Me, Et;N
CO,H THF, -15° C-r t,
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OMe  THF,0°C-rt, 85%
OMe
5

by workup gave aci&, which was converted int8ain 71%
yield by treatment with methyl chloroformate/triethylamine,
or even higher yield by treatment with acetic anhydride/
triethylamine® This success implied that the present method
provided the quinolizidinon8ain 82% total yield fromlac
and 2a.

After optimizing the reaction, we tested the reaction scope
by varying the3-amino esters and the iodide. As summarized

used as a substrate, the reaction in methylene chioridein Table 2, alkyl-substituted-amino esters also worked well
mediated by 2,6-lutidine gave the desired quinolizidinone 0 provide the corresponding quinolizidinones and piperidines

3ain 5% yield, together with piperidinda in 65% vyield

in good yields. The ratios fod and 3 were from 1.25 to

(entry 2). This result prompted us to try another more reactive 2-27, and all piperidine¢ were converted into the corre-

substrate, iodid&ac. It was found that reaction @hcwith
2ain DMF under the action of GEO; produced3ain 16%
yield and4ain 30% yield (entry 3). Switching the base from

sponding quinolizidinones in good yields under the condi-
tions noted in Scheme 2 (entries 3). Moreover, when ethyl
6-iodohexynoate was employed as the electrophilic reagent,

CsCO; to K.CO; gave a better result (compare entries 3 indolizidinones and pyrrolidizines were obtained. The ratios
and 4). Among the solvents tested, acetonitrile was best,for these two types of compounds were from 1/2.6 to 1/3

providing 3a and4ain excellent yields (entry 10). Ethanol

(entries 6—8). Hydrolysis o#g, 4h, or 4i followed by
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(8) Typical procedure: A solution of4a (0.25 mmol), NaOH (1 mmol)
in 2 mL of ethanol and 1 mL of water was stirred at room temperature for
4 h before it was acidified to pH 4. Methylene chloride extractive workup
followed by solvent evaporation afforded the crude acid, which was
dissolved in 3 mL of THF. To this solution were addedNE{1 mmol) and
a solution of AgO (0.5 mmol) in 1 mL of THF dropwise at 6C. The
resultant solution was stirred at room temperature for 12 h. Methylene
chloride extractive workup followed by chromatography proviced
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Table 2. Synthesis of Enantiopure Quinolizidinones and
Indolizidinone&*

CO,Et 0 o CO,E CO,Et
Il - - AP NP coRr?
HoN e nN y N \A)
n R R/R1 n R’/R1
2 3 4

1ac:n=1
t1.NaOH

1b:n=0
2. ACQO, Et3N

product (yield (%))°

entry n R R? R? 3 4 4t03
1 1 n-Pr H Me 3b(34) 4b(42) 84
2 1 c-hexyl H Et 3c(24) 4c (55) 73
3 1 H n-hexyl Et 3d(31) 4d (51) 85
4 1 H i-Pr Me 3e (28) 4e (55) 79
5 1 Ar H Me 3a(43) 4f(39) 89
6 0 n-Pr H Me 3g(22) 4g(66) 77
7 0 H Are Et 3h(24) 4h(63) 72
8 0 H i-Pr Me 3i(24) 4i(62) 80

aReaction condition: iodide (0.22 mmo}j;amino ester (0.22 mmol),
K2COs (0.22 mmol), 4 A MS (50 mg) in 4 mL okMeCN, stirred at 65C
for 36 h.?Isolated yield Ar = 3,4-dimethoxyphenyl.

corresponding indolizidinones in 72% to 80% yields. When

the dynamically controlled produét This hypothesis was
supported by our observation that odlyvas isolated when
the reaction was run in wet acetonitrile.

With quinolizidinone3a in hand, we developed a facile
route to ()-lasubine It* as outlined in Scheme 4. Hydrolysis

Scheme 4
CO,Me
(0] (0]
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EtOH, reflux MeOH, 84%
66%
OMe OMe
OMe OMe
3a 8
OH 1\OH
1. Ph;P/DEAD, N
N p-nitrobenzoic acid
2. K2CO3/MeOH
84%
OMe OMe
OMe OMe
9 (-)-lasubine Il

these results are taken together, it is obvious that the presenf; 35 with aqueous potassium hydroxide followed by
method provides an efficient protocol for preparing enan- decarboxylation provided the enoBén 66% yield. Hydro-

tiopure quinolizidinones and indolizidinones.

On the basis of Harris’s and Henin's rep8hye proposed
a possible mechanism for the formation 8fand 4 as
illustrated in Scheme 3. After they3 reaction ofl and 2
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took place to form the secondary amifigintramolecular
Michael addition occurred to provide the intermediate
There were two possibilities for to process the further

genation of8 afforded the alcohod, which was subjected
to Mitsunobu conversion to give--lasubine Il. Its optical
rotation value ([0$?° —46 (c2.1, MeOH)) was close to that
reported ([ap?° —41 (c 2.7, MeOH))*'¢ The overall yield
for this total synthesis from th@-amino esteRawas about
36%.
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