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ABSTRACT

A new effective catalytic system consisting of [Cp*RhCl2]2/K2CO3 (Cp* ) pentamethylcyclopentadienyl) for the lactamization of amino alcohols
has been developed. As an example, the reaction of 3-(2-aminophenyl)-1-propanol in the presence of [Cp*RhCl2]2 (5.0% Rh) and K2CO3 (10%)
in acetone gives 3,4-dihydro-2(1H)-quinolinone in an isolated yield of 80%. A variety of five-, six-, and seven-membered benzo-fused lactams
are synthesized by this catalytic system.

The benzo-fused lactam skeleton is an important element in
a number of pharmacologically and biologically active
compounds. Particularly, oxindole, dihydroquinolinone, and
tetrahydrobenzazepinone derivatives are found in many
natural products, marketed drugs, and drug candidates.1 In
this context, it is quite important to develop an efficient
method for the synthesis of these compounds. Although a
number of noncatalyzed,2 transition metal-catalyzed,3,4 pho-
tochemical,5 and radical-mediated6 reactions for the synthesis
of oxindoles have been developed, there have been only a
few examples of simple and efficient catalytic synthesis of
tetrahydroquinolinones and tetrahydrobenzazepinones.7

We are currently studying the catalytic activity of group
9 metals bearing pentamethylcyclopentadienyl (Cp*) ligands
toward hydrogen-transfer reactions8,9 and have reported
intramolecular N-alkylation of amino alcohols catalyzed by
a Cp*Ir complex (eq 1, left arrow).8b During the investigation
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on this reaction in further detail, we found that intramolecular
lactamization proceeded instead of N-alkylation when the
reaction was carried out with Cp*Rh catalyst in acetone (eq
1, right arrow). This result prompted us to develop this
catalytic lactamization system into the synthesis of a variety
of benzo-fused lactams. To the best of our knowledge, there
has been only one report on the transformation of amino
alcohols to lactams by the transition metal-catalyzed hydro-
gen transfer reactions.10 In this paper, we report a new and
efficient method for the synthesis of five-, six-, and seven-
membered benzo-fused lactams catalyzed by a Cp*Rh
complex.

First, we investigated oxidative N-heterocyclization of
3-(2-aminophenyl)-1-propanol (1a) under various conditions.
The reactions were performed in the presence of several
rhodium complexes and bases in acetone as a solvent. The
results are summarized in Table 1. When the reaction was
performed at 100°C for 20 h in the presence of [Cp*RhCl2]2

(0.0125 mmol, 5.0% Rh) and K2CO3 (0.050 mmol, 10%) in

acetone (12.5 mL), 3,4-dihydro-2(1H)-quinolinone (2a) was
formed in 81% yield (entry 1). In this reaction, lactamization
proceeded selectively; other products such as 1,2,3,4-
tetrahydroquinoline or quinoline were not detected. A lower
reaction temperature (80°C) resulted in a lower yield of2a
(entry 2). When the amount of acetone was reduced to 6.3
mL, the yield of2a slightly decreased (entry 3). When the
reaction was performed in toluene as a solvent instead of
acetone, 1,2,3,4-tetrahydroquinoline was formed in 32% yield
in addition to a very small amount of2a (ca. 5%)(entry 4).
These results clearly indicate that acetone plays a key role
as a hydrogen acceptor. Other rhodium catalysts, Cp*Rh-
(OAc)2‚H2O, RhCl(PPh3)3, and [RhCl(CO)2]2, showed lower
activity than [Cp*RhCl2]2 (entries 5-7).11 The yield of2a
considerably decreased when the reaction was performed in
the presence of Na2CO3 or triethylamine as a base instead
of K2CO3 (entries 8 and 9).

On the basis of these results, we next examined the
synthesis of various six- and seven-membered benzo-fused
lactams under the optimized conditions. The results are
summarized in Table 2. 3-(2-Aminophenyl)propanols (1b-
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Table 1. Synthesis of 3,4-Dihydro-2(1H)-quinolinone (2a)
from 3-(2-Aminophenyl)-1-propanol (1a) under Various
Catalytic Conditionsa

entry catalyst base yieldb (%)

1 [Cp*RhCl2]2 K2CO3 81
2c [Cp*RhCl2]2 K2CO3 62
3d [Cp*RhCl2]2 K2CO3 72
4e [Cp*RhCl2]2 K2CO3 f
5 Cp*Rh(OAc)2‚H2O K2CO3 28
6 RhCl(PPh3)3 K2CO3 43
7 [RhCl(CO)2]2 K2CO3 0
8 [Cp*RhCl2]2 Na2CO3 46
9 [Cp*RhCl2]2 Et3N 0

a Reaction was carried out in a heavy-walled glass reactor at 100°C for
20 h with1a (0.50 mmol), catalyst (5.0% Rh), and base (10%) in acetone
(12.5 mL).b Determined by GC.c Reaction temperature was 80°C.
d Amount of acetone was 6.3 mL.e Reaction was carried out in toluene
(12.5 mL) instead of acetone.f 1,2,3,4-Tetrahydroquinoline (32%) was
isolated in addition to a small amount of2a (ca. 5%).

Table 2. Synthesis of Various Six- and Seven-Membered
Benzo-Fused Lactams from Amino Alcohols Catalyzed by the
[Cp*RhCl2]2/K2CO3 Systema

a Reaction was carried out in a heavy-walled glass reactor at 100°C for
20 h with amino alcohol (0.50 mmol), [Cp*RhCl2]2 (5.0% Rh), and K2CO3
(10%) in acetone (12.5 mL).b Isolated yield.c Reaction time was 30 h.
d [Cp*RhCl2]2 (9.8% Rh) was used as a catalyst.e [Cp*RhCl2]2 (10.5% Rh)
was used as a catalyst.
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g) bearing a substituent on the aromatic ring were converted
into the corresponding 3,4-dihydro-2(1H)-quinolinones (2b-
g) in moderate to excellent yields, respectively (entries 2-7).
With substrates bearing an electron-withdrawing substituent
(Cl, CO2Me, and COMe), the yields of the products were
excellent (entries 2-4). In the case of the substrate1ebearing
a CN substituent, the yield of the product2ewas relatively
low (71%) even with a longer reaction time (30 h), which is
possibly due to the deactivation of the catalyst by the
coordination of CN substituent to the rhodium center (entry
5). In the case of the substrate1f bearing the electron-
donating OMe substituent, the yield of the product2f was

moderate (63%) even with a higher catalyst loading (9.8%
Rh) (entry 6). It should be noted that the present catalytic
system was applicable to the synthesis of 1,3,4,5-tetrahydro-
2H-1-benzazepin-2-one (2h) using 4-(2-aminophenyl)-1-
butanol (1h) as a starting material (entry 8).

Synthesis of five-membered benzo-fused lactams (oxin-
doles) was also examined. The results are summarized in
Table 3. 2-Aminophenethyl alcohols (3a-d) bearing a
substituent on the aromatic ring, the methylene chain, and
the nitrogen atom were converted into the corresponding
oxindoles (4a-d) in moderate to high yields, respectively.
In contrast to the synthesis of dihydroquinolinones and
tetrahydrobenzazepinone, the synthesis of oxindoles could
be carried out at a lower temperature (acetone reflux) with
a lower catalyst loading (3.0% Rh). Reaction of 2-ami-
nophenethyl alcohol (3a) in the presence of [Cp*RhCl2]2

(3.0% Rh) and K2CO3 (10%) in acetone (20 mL) under reflux
for 8 h gave oxindole (4a) in 74% yield (entry 1). In this
reaction, a small amount of indole (10%) was also formed.
Reaction of 2-(2-aminophenyl)-1-propanol (3b) gave 3-me-
thyloxindole (4b) in good yield (80%) (entry 2). Oxindoles
bearing a substituent at the aromatic ring or the nitrogen atom
could be also synthesized; however, the yields were relatively
low (entries 3 and 4).

Although the mechanism for the present reaction is not
completely clear yet, a possible one is shown in Scheme 1.12

The first step of the reaction would involve the coordination
of amino alcohol to the rhodium center to give an intermedi-
ate A. Then,â-hydrogen elimination would occur to give

(10) Ruthenium-catalyzed oxidative N-heterocyclizations of amino al-
cohols to lactams have been reported. In these reactions, a higher reaction
temperature (140°C) and addition of excess benzalacetone as a hydrogen
acceptor are required, and applicable amino alcohols are highly restricted.
Naota, T.; Murahashi, S.-I.Synlett1991, 693.

(11) Reaction of1a (0.50 mmol) at 100°C for 20 h in the presence of
[Cp*IrCl 2]2 (0.0127 mmol, 5.1% Ir) and K2CO3 (0.050 mmol, 10%) in
acetone (12.5 mL) gave2a in 59% yield.

Scheme 1

Table 3. Synthesis of Oxindoles from Amino Alcohols
Catalyzed by the [Cp*RhCl2]2/K2CO3 Systema

a Reaction was carried under reflux for 8 h with amino alcohol (1.0
mmol), [Cp*RhCl2]2, and K2CO3 (10%) in acetone (20 mL).b Isolated yield.
c Reaction was carried out in 0.50 mmol scale.d Reaction time was 20 h.
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an amino-aldehydeB and a rhodium hydride speciesC (step
a). Insertion of acetone into the rhodium-hydride bond in
C would occur to give a rhodium isopropoxide speciesD
(stepb), which is subject to the alkoxy exchange reaction
with amino alcohol to regenerateA (stepc). Concurrently,
the intermediateB would undergo condensation to give a
cyclic hemiaminalE (stepd). Oxidation ofE by the rhodium
catalyst viaâ-hydrogen elimination would give the lactam
productF (stepse and f). Thus, the Cp*Rh catalyst could
play a dual role in both dehydrogenations of the alcohol as
well as the hemiaminal.

In summary, we have shown a new efficient catalytic
system for the synthesis of five-, six-, and seven-membered

ring lactams from amino alcohols catalyzed by a Cp*Rh
complex. It should be noted that selective synthesis of
N-alkylated or lactamized product from the same starting
materials (amino alcohols) can be achieved by altering the
catalytic systems (Cp*Rh in acetone or Cp*Ir in toluene8b).
Investigations in further detail about the differences of
catalytic activities of Cp*Rh and Cp*Ir complexes are now
in progress, which we will disclose in due course.
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(12) First step in this mechanism is similar to that we have proposed for
the intramolecular cyclization of amino alcohols catalyzed by a Cp*Ir
complex (ref 8b). We are currently investigating in detail the differences
in catalytic activities between Cp*Rh and Cp*Ir complexes, which will be
disclosed in due course.
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