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Abstract—A new strategy based on allylation of N-allylpyridin-2-ones with the lithium allyldibutylmagnesate reagent followed by
ring-closing metathesis in a sequential fashion to access the quinolizidine skeleton with olefinic bonds in both rings is reported.
� 2006 Elsevier Ltd. All rights reserved.
Organic compounds containing the quinolizidine skele-
ton are widespread in naturally occurring alkaloids
and in biologically active compounds.1 Ring-closing
metathesis (RCM) has emerged as a powerful method
for the synthesis of quinolizidines2,3 and related aza-
heterocycles.4,5 Common synthetic approaches toward
quinolizidines and related systems, based on RCM
methodology, consist of the introduction of one of two
adjacent allyl groups by the addition reaction of allyl
nucleophiles to N-acyliminium ions of azahetero-
cycles.3,5 Among recent efforts on the synthesis of func-
tionalized piperidines, we have previously reported a
new and regioselective method for the introduction of
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Scheme 1.
an allyl substituent onto a piperidine ring using the
novel magnesium ‘ate’ complex, lithium allyldibutyl-
magnesate.6 One of the few examples described was
the synthesis of 6-allyl-1-methyl-3,6-dihydro-1H-pyridin-
2-one obtained from N-methylpyridin-2-one.

In the present letter, we demonstrate that this method-
ology together with RCM reactions can be used in or-
der to provide a new access to quinolizidin-4-ones,
containing olefin bonds in both rings. Such com-
pounds, which due to the presence of double bonds
can be considered as valuable precursors for further
functionalization, are rare and have been hitherto
llylation; Pyridin-2-ones; RCM.
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obtained from acyclic alkenes via double ring-closing
metathesis.2d–f

The lithium allyldibutylmagnesate reagent (3, Scheme 1)
prepared simply by mixing of 1.1 equiv of allylMgCl
(in THF) and 2.2 equiv of n-BuLi was sufficiently nucleo-
philic to react at low temperature (�70 �C) with N-allyl
substituted pyridin-2-one 1a as well as with N-allylpyri-
din-2-ones possessing methyl substituents attached to
the ring (1b–d, Scheme 1). Under these conditions, the
reactions proceeded smoothly with complete conversion
after 20 min to give the 6-allylation products 4 in excel-
lent yields and regioselectivities (Scheme 1, Table 1). Only
in the case of 5-methyl substituted pyridin-2-one 1d was
slightly lower regioselectivity observed (4:5 = 91:9). An
attempt to allylate 3-methylpyridin-2-one (1b) allowed
verification of the stereoselectivity at C-3. In this reac-
tion, low stereoselectivity was observed yielding trans
and cis isomers of 4b in the ratio of 60:40, however, these
compounds could easily be obtained in diastereoisomer-
ically pure state by flash column chromatography.

For the sake of comparison, 1a was exposed to allyl-
MgCl (2) under the same reaction conditions and, as
expected from previous observations,6 the results
confirmed a low reactivity relative to that of allyl-
Bu2MgLi (3) (Table 1, entry 1).

Encouraged by the above results, we were prompted to
check if it would be possible to obtain 3-functionalized
d-lactams in one pot, starting with the allylation of 1
and by subsequent quenching of the reaction on treat-
ment with electrophiles. This one-pot protocol was
tested on derivative 1a using BnBr as the electrophile,
and resulted in the formation of the 3-benzyl derivatives
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Table 1. Reaction conditions, ratios and yields of 4:5

Entry Reagent Pyridin-2-one R1 R2 R3 Temp (�C) 4:5 r

1 2 1a H H H �70 76:24
2 3 1a H H H �70 99:1
3 3 1b CH3 H H �70 98:2
4 3 1c H CH3 H �65 100:0
5 3 1d H H CH3 �70 91:9

a Estimated by 1H NMR of the crude reaction mixture.
b Isolated yield.
c Trans:cis ratio is given in the parenthesis.
6 in moderate yields and with significant stereoselectivity
at C-3 with preference for trans isomer 6a. Surprisingly,
double benzylation at C-3 was also observed (product 7,
Scheme 2).7

Finally, the synthesis of quinolizidin-4-one derivatives
was performed. Thus, 1,6-diallyl b,c-unsaturated d-lac-
tams 4, 6, and 7 were submitted to RCM reactions.
The cyclization, conducted in CH2Cl2 at room tempera-
ture, employing 8 mol % of Grubbs’ catalyst 10, was
complete in 2 h and products 9 were isolated in high
yields (Scheme 3).8

All compounds are new and their structures were
confirmed by spectroscopic methods.

The configurations of products 4b (trans), 4b (cis), 6a,
and 6b were determined on the basis of 1D NOE or
2D 1H, 1H NOESY spectra.

In conclusion, we have demonstrated that the addition
of lithium allyldibutylmagnesate reagent 3 to N-allyl-
pyridin-2-ones followed by RCM provides easy access
to racemic 3,6,9,9a-tetrahydro-quinolizin-4-ones, pos-
sessing C–C double bonds in both rings. The protocol
described could be extended to the synthesis of substi-
tuted quinolizidines, via synthesis of the corresponding
b,c-unsaturated d-lactams, in which the substituent
originates from the starting N-allylpyridin-2-one
(3-,4-,5-substituted) or could be introduced in one pot
after allylation (3-substituted). Due to the high degree
of functionalization, the quinolizidin-4-ones obtained
can be employed as versatile building blocks in natural
product synthesis. Further work is ongoing to determine
the full value of this methodology.
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Scheme 3. Reagents and conditions: 8 mol % 10, CH2Cl2, rt, 2 h.
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6. Sośnicki, J. G. Tetrahedron Lett. 2005, 46, 4295–4298.
7. The procedure for the preparation of 6a, 6b, and 7 was as

follows: To a cooled (0 �C) and stirred solution of 9.8 mmol
of allylMgCl (4.9 ml, 2.0 M in THF) in dry THF (10 ml) in
a Schlenk flask, 19.6 mmol of n-BuLi (7.8 ml, 2.5 M in
hexane) was added via a syringe over 3 min under argon. A
white suspension formed, which was stirred for 5 min and
cooled to �70 �C. The suspension containing lithium
allyldibutylmagnesate was next transferred via a syringe
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dro-1H-pyridin-2-one). Colorless oil. IR (film): m = 3028,
2924, 1640, 1456, 1344, 1262, 996, 920, 742, 700 cm�1. MS
(EI, 70 eV): m/z = 267 (M+, 1), 226 (100), 176 (7), 134 (11),
120 (9), 115 (9), 91 (100), 65 (16), 41 (16); 1H NMR
(400.1 MHz, CDCl3): d = 2.29 (1H, dm, J = 14.5 Hz, 6-
CHH), 2.38 (1H, dt, J = 14.5, 7.3 Hz, 6-CHH), 2.94 (1H,
dd, J = 13.4, 8.7 Hz, 3-CHH), 3.18–3.24 (1H, m, CH-3),
3.33 (1H, dd, J = 13.4, 4.2 Hz, 3-CHH), 3.52 (1H, dd,
J = 15.5, 7.0 Hz, NCHH), 3.87 (1H, ddd, J = 6.3, 5.9,
3.0 Hz, CH-6), 4.69 (1H, ddt, J = 15.5, 4.4, 1.7 Hz,
NCHH), 5.02–5.14 (4H, m, 2 · @CH2), 5.59–5.74 (4H, m,
2 · @CH, @CH-4, @CH-5), 7.17–7.29 (5H, m, C6H5); 13C
NMR (100.6 MHz, CDCl3): d = 37.47 (6-CH2), 38.08 (3-
CH2), 42.03 (CH-3), 46.41 (NCH2), 56.73 (CH-6), 117.09,
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8. General procedure for the preparation of lactams 9: To a
solution of 1,6-diallyl lactam 4a–d, 6, or 7 (1.0 mmol) in dry
CH2Cl2 (40 ml), ruthenium catalyst 10 (57.6 mg, 0.07
mmol) was added and the reaction was stirred using a
stream of argon slowly bubbled through the solution at rt
for 2 h. After evaporation of the solvent at reduced
pressure, the residue was dissolved in CH3OH (5 ml) and
silica gel (1 g) and activated carbon (0.25 g) was added and
the mixture was kept at rt for 24 h. After evaporation of the
solvent, the residue was submitted for column chromato-
graphy on silica gel. Selected spectroscopic data: 9c (2-
methyl-3,6,9,9a-tetrahydro-quinolizin-4-one). Colorless oil.
IR (film): m = 3036, 2892, 2840, 1640, 1448, 1408, 1356,
1298, 1248, 816 cm�1. MS (EI, 70 eV): m/z = 163 (M+,
100), 162 (79), 148 (67), 134 (21), 120 (22), 110 (25), 94 (18),
81 (39), 80 (89), 54 (49), 53 (34), 41 (22), 39 (36); 1H NMR
(400.1 MHz, CDCl3): d = 1.73 (3H, s, CH3), 2.01–2.13 (1H,
m, CHH-9), 2.25 (1H, dm, J = ca. 17.1 Hz, CHH-9), 2.83–
2.99 (2H, m, CH2-3), 3.49 (1H, d, J = 18.8 Hz, CHH-6),
4.02 (1H, br dm, J = ca. 6.4 Hz, CH-9a), 4.87 (1H, d,
J = 18.8 Hz, CHH-6), 5.42 (1H, br s, @CH-1), 5.68–5.75
(1H, m, @CH), 5.77–5.83 (1H, m, @CH); 13C NMR
(100.6 MHz, CDCl3): d = 21.84 (CH3), 33.71 (CH2-9),
36.43 (CH2-3), 41.87 (CH2-6), 54.11 (CH-9a), 119.32
(@CH-1), 124.20, 124.23 (2 · @CH), 129.09 (C-2), 166.80
(C-4); HRMS (EI) for C10H13NO; calcd 163.09971; found
163.09947.
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