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ABSTRACT

Mess?  \nH, YBOTD: R o RiClcod),  H o
(10 moi%) _ Gmolh) _ /
Me;3SiO o CH3CN U 1,4-dioxane Cr‘\l/\:/r
\i L 3% 612h & 30°C, 2-3h T
X R X SnMeg R

OMe
R = aryl, alkyl

[RhCl(cod)] ; is an effective catalyst for the intramolecular conjugate addition of vinylstannanes to 2,3-dihydro-4-pyridones under neutral conditions
at room temperature. The reaction occurs in good yields, giving indolizidine skeletons with excellent diastereoselectivity. A stereochemical
outcome observed in these cyclizations is proposed.

The conjugate addition of organometallic reagents to acti- rhodium(l) compleX. Furthermore, Li and later Inoue and
vated alkenes is an important process for carbmarbon Oi have described that rhodium complexes catalyze the
bond formatiort The use of metal catalysts in combination coupling of a,3-unsaturated carbonyl compounds with or-
with an organometallic reagent has been particularly effec- ganostannanesand organosiloxanés.n these catalytic

tive. Such reactions are typically carried out using organo- reactions, the transmetalation between such organometallic
copper reagentshut reports describing the application of reagents and a rhodium complex has been proposed as a key
other metals have also appeafdd.1997, Miyaura showed  step of the catalytic cycle.

that organoboronic acids could be used for the conjugate In connection with our interest in the synthesis of
addition to a,f-unsaturated ketones under catalysis by a azabicyclic ring system&herein for the first time we report

a general and highly stereoselective approach to the con-

(1) (a) Perlmutter, RConjugate Addition Reactions in O_rganic Synthesis  struction of indolizidine ring skeletons, based on intramo-
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Scheme 1. Synthetic Strategy
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rhodium complex would result in the cyclization leading to
an indolizidine skeletor2. The desired cyclocondensation
precursorsl should be accessible via Lewis acid mediated
tandem Mannich/Michael addition of a Schiff ba3avith

an electron-rich silyloxy diend (Table 1).

Table 1. Lewis Acid Mediated Synthesis of 2-Substituted
Dihydro-4-pyridone%

SnMe; : Yb(OTf)3 R 0
NP OSMes (10 moi) ij
N R * N~
P CHsCN
30°C,6-12h
OMe &/SnMeg,
3 4 1
entry R yield, %®
1 Ph 87
2 p-MePh 92
3 p-MeOPh 85
4 p-ClPh 90
5 2-furyl 78
6 PhCH,OCH,, 89
7 i-CsHy 69
8 C-CGHH 72

a Common reaction conditions3 (1.0 mmol),4 (1.2 mmol), Yb(OTf}
(0.1 mmol), 10 mL solvent, 36C, 6—12 h.PIsolated yields.

As shown in Table 1, various types of aromatic and
aliphatic imines were cleanly and rapidly converted to the
corresponding 2-substituted 2,3-dihydropyridodes the
presence of 10 mol % of Yb(OT{J This reaction can also

Table 2. Optimization of the Rhodium-Catalyzed
Intramolecular Conjugate Addition of Vinylstannane to 2-Phenyl
Dihydro-4-pyridoné

Ph 0] H o]
ﬁ/\j? Rh cat. w
N = 1,4-dioxane N
& 30°C, 2-3h ;
X -SnMe; Ph
5 6
entry catalyst yield, %®
1 [Rh(cod)(MeCN)2]BF 4 78
2 [RhCI(C2Hy)l2 80
3 [RhCl(cod)]o 84
4 [Rh(cod)2] BF 4 26
5 [Rh(cod)o] OTf 0
6 [RhCl(nbd)]s 0
7¢ [RhCl(cod)]2 35
8d [RhCl(cod)]2 30
9e [RhCl(cod)l2 80

a2 Common reaction conditions5 (0.5 mmol), rhodium catalyst (0.025
mmol), 4 mL solvent, 30C, 2—3 h.PIsolated yields®d PPk or dppp (5
mol %) was usedt The reaction was conducted in dioxangZH(10:1)

hand, the rhodium(l)—norbornadiene complex (entry 6) or
[Rh(cod}]OTf did not catalyze the reaction at all. The
addition of the phosphine ligands such as Pgintry 7) or
dppp (entry 8) under the conditions of entry 2 did not affect
the cyclocondensation to affoi®l Unexpectedly, aqueous
dioxane did not increase the yield (entry 9), which is in sharp
contrast to the rhodium-catalyzed reaction of arylstannanes
with enone$.However, the best results of cyclocondensation
were obtained under an aerobic condifiamdioxane from

a commercial source.

Having optimized conditions in hand, that is, 5.0 mol %
[RhClI(cod)} as catalyst in dioxane at room temperature, the
scope of the reaction was then examined. Some representative
results are summarized in Table 3.

In most entries, good yields were obtained for the rhodium-
catalyzed addition using a range of different 2-substituted
2,3-dihydro-4-pyridones. We observed no appreciable dif-

be realized as a three-component tandem Mannich/Michaelference in the yield of the reaction for aromatic or aliphatic
process with the in situ generated imine. Although the yields groups at C-2; however, the furyl group retarded cyclization
in the latter case were somewhat lower than those obtained(entry 5).

by the reaction of the preformed and isolated aldimines, the Homo- and heteronuclear correlation spectroscopies and
direct synthesis of dihydropyridones is advantageous in large-differential NOE experiments allowed us to unambiguously
scale reactions. establish the stereochemical pattern of our indolizidines. For

Table 2 shows the catalytic activity of rhodium complexes @ selected indolizidine (Table 3, entry 8) the multiplebat
in the intramolecular conjugate addition of vinylstannane to 4.31 ppm was assigned to the proton at C-9 and the double

2,3-dihydro-4-pyridones.

Of the rhodium catalysts screened, the neutral rhodiu
complex [RhCl(cod was the most successful (entry 3). We
found that treatment of 2-phenyl 2,3-dihydropyridd@with
5 mol % of [RhCl(cod)} in dioxane gave unsaturated
indolizidine 6 in 84% yield as a single detectable isomer.
Other rhodium(l) complexes did not show activity as good
as that of [RhCl(cod}] furnishing products in a lower yield

quartet até 3.96 ppm ¢J = 1.8 and 13.8 Hz) and the

m Multiplet at 3.52 ppm and the multiplet &t2.93 ppm were

attributed to H-8&, H-3p, and H-5, respectively. The differ-
ence in chemical shifts of the methylene protons at C-3 can

(8) For rhodium-catalyzed C—C bond formation in air and water, see:
(a) Li, C. J.; Meng, YJ. Am. Chem. So200Q 122, 9538. (b) Venkatraman,
S.; Li, C. J.Tetrahedron Lett2001,42, 781. (c) Ding, R.; Ge, C. S.; Chen,
Y. J.; Wang. D.; Li, C. JTetrahedron Lett2002,43, 7789. (d) Ding, R.;
Zhao, C. H.; Chen, Y, J.; Liu, L.; Wang, D.; Li, C. Jetrahedron Lett.

under similar conditions (entries 1, 2, and 4). On the other 2004,45, 2995.
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Table 3. Rhodium-Catalyzed Cyclizations of Dihydropyridones Scheme 2. Proposed Catalytic Cycle
a
! H OSnMe; R O
H 7/ H,0
R O g O N N P
[RhCl(cod)], 5 mol% 74 5
N~ 1,4-dioxane N x SnMe3
30°C, 2-3h g .
X -SnMeg R Rh*CI:
1 2
Me3SnCl Me3SnCl
entry R yield, %° O

1 Ph 84 ,:‘
2 p-MePh 86 = H AN ~ Rh\ O
3 p-MeOPh 82
4 p-CIPh 79 AN
5 2-furyl 43 (86)
6 PhCH;OCH, 90
7 i-CsHy 80
8 c-CeHny 77

followed by coordination of the dihydropyridone moiety. The

* Common reaction conditionsl (0.5 mmol), rhodium catalyst (0.025 1 ,4-insertion of the vinylrhodium species takes place exclu-
mmol). 4 ml solvent, 30C, 2-3 h.?Isolated yields® After stiing for — gjyely anti to the R substituent located in the equatorial
position, leading to compouné with trans-orientation
between the C5 and C9 protons. The intermediatés
be rationalized in terms of magnetic anisotropy of the trapped by the catalytically generated trimethyltin chloride
nitrogen lone-pair, which causes shielding of syaproton to give tin enolaté. Protonolysis of the enola furnishes
and deshielding of thanti proton. This pattern for the the conjugate addition product.
methylene group at C-3 is consistent with available literature  In conclusion, a novel stereoselective approach to unsatur-
precedents for the indolizidine systérupon irradiation of  ated indolizidines has been described involving the Lewis
the multiplet ato 2.93 ppm (H-5) no enhancement was acid mediated tandem Mannich/Michael reaction and rhodium-
observed for the multiplet @4.31 ppm (H-9), whereas 3.3%  catalyzed intramolecular conjugate addition of vinylstannanes
enhancement was observed for the multigle8.52 ppm  to dihydropyridones. Further work is currently in progress
(H-3p). These observations could only be reconciled by to apply this new method to the diastereo- and enantiose-
assumption of thérans-orientation between H-5 and H-9 |ective synthesis of indolizidine systems.
protons.

A plausible catalytic cycle, based on the original proposal ~ Acknowledgment. We wish to thank the State Committee
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in these cyclizations, is rationalized in Scheme 2. of this work.

The initial step of the catalytic cycle should consist of the

transmetalation of the vinylstannane group to a Rh(l) species Supporting Information Available: Representative ex- -
perimental procedures with spectral data. This material is

(9) (a) Fleurant, A.; Saliou, C.; G&ier, J. P.; Platzer, N.; Moc, T. V.; available free of charge via the Internet at http:/pubs.acs.org.
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