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Summary: Intramolecular amidocarbonylation of 3-butenamide catalyzed by a rhodium complex with
excess PPhg gives 3,4-dihydro-2-pyridone selectively, whereas the same reaction using P(OPh)
affords a unique heterodimer in excellent yield. The reaction of 4-pentenamide gives 4-methyl-3,2
dihydro-2-pyridone exclusively regardless of the structure of rhodium catalysts.

Dihydro-2-pyridone skeleton is one of the important nitrogen heterocycles for pharmaceutical and
agrochemical agcnts.l Simple dihydro-2-pyridones have been synthesized by the direct reaction of 2,4-pentadi-
enoic acid or sorbic acid with ammoniaZ and by the sodium borohydride reduction of glutarimide.3 The former
reaction gives a mixture of 3,6-dihydro- and 5,6-dihydro-2-pyridones, while the latter yields 3,4-dihydro-2-
pyridones selectively.

We describe here new and convenient routes to 3,4-dihydro-2-pyridones through intramolecular amido-
carbonylation4 of alkenamides as well as a novel coupling reaction giving 6-(4-methyl-3-pyrrolidin-2-on-1-yl)-
2-piperidone.

First, the intramolecular amidocarbonylation of 3-butenamide (1) was carried out using typical rhodium
catalysts for hydroformylation, i.e., RhCI(PPh3)3, RhCCO)(PPh3);, and Rhy(CO)1 5, at 80-100°C and 1,200
psi (CO/Hy = 3/1 or 1/1) (eq. 1). Results are shown in Table 1.
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As Table 1 shows, the reaction under those conditions gave a mixture of 3,4-dihydro-2-pyridone (2), 4-
methyl-3-pyrrolin-2-one (3), and a heterodimer, 6-(4-methyl-3-pyrrolin-2-on-1-yl)-2-piperidone (4).5 It is quite
reasonable to assume that 2 and 3 are formed via 6-formylpentanamide (7) and 5-formylpentanamide (8), re-
spectively, whereas 4 is yielded via the crossed coupling of 2 (via 11) and 3 under the reaction conditions, as
shown in Scheme 1. It should be noted that only the crossed-coupling product, heterodimer (4), was obtained
and no homocoupling of 2 nor 3 was observed at all.
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/

l

n

N
H
b

12
N 0

N
1n-snm

Jadol

of triphenylphosphine to RhCl(CO)(PPh3)27 gave 2a with 91% selectivity in 98% yield like the case of 1.

In order to obtain 2-4 selectively, we
examined the effects of phosphine ligands on the
regioselectivity as well as monomer/dimer selec-
tivity of the reaction. As Table 1 shows (Entry
3), the addition of 20 equivalents of triphenyl-
phosphine to RhCI(PPh3)3 remarkably im-
proved the selectivity for the formation of 2
(92%) and no heterodimer (4) was formed. On
the order hand, when 10 equivalents of triphe-
nylphosphite were employed instead of triphe-
nylphosphine for RhCI(PPh3)3, the heterodimer
(4) was produced with excellent selectivity
(94%) in 90% yield. The heterodimer (4) may
serve as a useful intermediate for the synthesis
of tricyclic or tetracyclic nitrogen heterocycles.
Reaction conditions which afford 3 selectively
have not been found so far.

Next, we employed N-benzyl-3-butenamide
(1a) as the substrate (eq. 2).6 It was found that the
N-benzylation of 1 favors the formation of a 2-pyr-
rolinone (3a) to some extent, viz., the reaction
catalyzed by RhCI(PPh3)3 at 1,200 psi (CO/H; =
1) gave 3a as the major product, e.g., 3a/2a =2
(70% yield) at 100°C; 3a/2a = 3 (80% yield) at
120°C.5 The results make a contrast with those for
1 in which the 2-pyrrolinone (3) is the minor
product. However, the addition of 20 equivalents

Because of the N-protection, no dimer formation was observed with this substrate.
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Finally, the reaction of 4-pentenamide (§) was examined in a similar manner (eq. 3). Results are

shown in Table 2.
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Table 1. Intramolecular amidocarbonylation of 3-butenamide (1)%

CO H, Temp.Time Yield? Product ratio (%)¢

Entry Catalyst
(psi) (ps) (°C) () (%) 2 3 4
1 RhCI(PPh3)3 %00 300 80 18 92 13 9 78
2 RhCI(PPh3)3/10 PPh3 900 300 80 40 99 57 17 26
3 RhCI(PPh3)3/20 PPhg 9500 300 80 40 100 92 8 ---
4 RhCI(CO)(PPh3), 600 600 100 18 9% 18 10 72
5 RhCI(CO)(PPh3),/10 PPhy 600 600 100 40 99 47 6 47
6 RhCI(CO)(PPh3),/20 PPh; 600 600 100 40 98 74 9 17
7 Rhy(CO) 15 600 600 80 18 98 25 22 53
8 RhCI(PPh3)3/10 P(OPh); 900 300 80 40 90 3 3 9%

4 All reactions were run with 3-butenamide (1) (1.50 mmol) and a rhodium catalyst (0.015 mmol) in THF (3.6 mL) in a stain-
less steel autoclave (300 mL) using a Pyrex reaction vessel (50 mL) with magnetic stirring. Conversion was 100% for all
cases. Products were isolated by column chromatography on ncutral alumina and identified by 14 and 13¢ NMRs, IR, and
Mass spectroscopies. b Determined by GLC analysis. ¢ Determined by GLC and 14 NMR analyses.

Table 2. Synthesis of 4-methyl-3,4-dihydro-2-pyridone (6) through intramolecular
amidocarbonylation of 4-pentenamide (5)%

O H Temp. Time Yield?
Entry Catalyst
(psi)  (psi) (°0) () (%)
1 RhCI(PPh3)3 600 600 100 18 91
2 RhCI(CO)PPh3), 600 600 100 18 89
3 HRh(CO)(PPh3); 600 600 100 18 88
4 Rh4(CO) o 600 600 100 18 92

4 All reactions were run with 1.50 mmol of 4-pentenamide and 0.015 mmol of a rhodium catalyst in THF
(3.6 mL) in an autoclave (300 mL) using a Pyrex reaction vessel (S0 mL). The product, 6, was isolated by
column chromatography on silica gel. b 1solated yield.

As Table 2 shows, the reaction catalyzed by several rhodium complexes gave 4-methyl-3,4-dihydro-2-
pyridone (6) as the sole product in excellent yield (88-92%). Although the formation of a seven-membered ring
lactam is conceptually possible, such a product was not detected at all even when 20 equivalents of triphenyl-
phosphine to RhCl(PPh3)3 were employed as additive. The result clearly indicates that a "chelation control” is
operative in this reaction.
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The result also strongly suggests that a similar "chelation control” is operating in the reactions of 1 and
1a as well. Thus, the effects of a large excess of triphenylphosphine to the rhodium catalysts cannot be accom-
modated by the blocking (or disruption) of the amide-directed "chelation control”, but can be interpreted as the
regioselective hydroformylation of 1 (or 1a) with the amide chelation intact, viz., it is clearly indicated that the
coordination of alkenamide to the rhodium catalysts is much stronger than that of triphenylphosphine.8

Further mechanistic investigation as well as application of these reactions to the synthesis of a variety of
nitrogen heterocycles are actively underway.
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