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A new effective catalytic system consisting of [Cp*RhCl,],/K,CO; (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*RhCl,], (5.0% Rh) and K,CO3 (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 elementin  We are currently studying the catalytic activity of group
a number of pharmacologically and biologically active 9 metals bearing pentamethylcyclopentadienyl (Cp*) ligands
compounds. Particularly, oxindole, dihydroquinolinone, and toward hydrogen-transfer reacti§isand have reported
tetrahydrobenzazepinone derivatives are found in manyintramolecular N-alkylation of amino alcohols catalyzed by
natural products, marketed drugs, and drug candidates. a Cp*Ir complex (eq 1, left arrow’ During the investigation
this context, it is quite important to develop an efficient

method for the synthesis of these compounds. Although a

number of noncatalyzetfransition metal-catalyzet pho-
tochemicaP, and radical-mediatédeactions for the synthesis
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Table 1. Synthesis of 3,4-Dihydro-2()-quinolinone ga)
from 3-(2-Aminophenyl)-1-propanoll§) under Various
Catalytic Condition3

m on  catalyst (5.0%Rh) @\/l
base (10%)
NH2 acetone 100 °C ” o
1a in sealed tube 2a

entry catalyst base yield® (%)
1 [Cp*RNCl;], K2CO3 81
2¢ [Cp*RNCl;]2 K2CO3 62
3d [Cp*RhCl;], K,>CO3 72
48 [Cp*RhC|2]2 K,CO3 f
5 Cp*Rh(OACc)2:H,0 K2CO3 28
6 RhCI(PPh3)3 K2CO3 43
7 [RhCI(CO),]2 K,CO3 0
8 [Cp*RhClz]z N32CO3 46
9 [Cp*RNCl]2 EtsN 0

aReaction was carried out in a heavy-walled glass reactor at@dor
20 h with 1a (0.50 mmol), catalyst (5.0% Rh), and base (10%) in acetone
(12.5 mL).b Determined by GC°¢Reaction temperature was 8TC.
d Amount of acetone was 6.3 mEReaction was carried out in toluene
(12.5 mL) instead of acetong&l,2,3,4-Tetrahydroquinoline (32%) was
isolated in addition to a small amount 2& (ca. 5%).

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 reactiori8.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

Table 2. Synthesis of Various Six- and Seven-Membered
Benzo-Fused Lactams from Amino Alcohols Catalyzed by the
[Cp*RhCL]/K,CO; Systend

entry substrate product yield”
OH
1 N o 80
1a NH2 2a H
cl
Cl OH
2 N So 96
1 NH2 2b H
MeO,C oH MeO,C
3 \CIV\ N So 97
1c M2 2c H
MeOC
MeOC OH
4 NS0 96
10 NM2 2d H
NC
. NC oH
5 N So 71
10 M2 20 H
MeO.
’ MeO OH
6 NSo 63
1¢ NH2 2f H
Me
Me OH
7 N So 96
19 NH, 2 H
OH
NH, N
1h 2nH O

a8 Reaction was carried out in a heavy-walled glass reactor at@ador
20 h with amino alcohol (0.50 mmol), [Cp*Rh&}} (5.0% Rh), and KCO3
(10%) in acetone (12.5 mLY.Isolated yield. Reaction time was 30 h.
d[Cp*RhCL]; (9.8% Rh) was used as a cataly§ICp*RhCl], (10.5% Rh)
was used as a catalyst.

complex.
[Cp*Ir] OH [Cp*Rh]
tol t M
” oluene NHz acetone u o)

First, we investigated oxidative N-heterocyclization of
3-(2-aminophenyl)-1-propanal ) under various conditions.
The reactions were performed in the presence of several

acetone (12.5 mL), 3,4-dihydro-Z{}-quinolinone @a) 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 (8C) resulted in a lower yield a2a
(entry 2). When the amount of acetone was reduced to 6.3
mL, the yield of2a slightly decreased (entry 3). When the

rhodium complexes and bases in acetone as a solvent. Th@eaction was performed in toluene as a solvent instead of

results are summarized in Table 1. When the reaction was
performed at 100C for 20 h in the presence of [Cp*Rh{}
(0.0125 mmol, 5.0% Rh) andX&O; (0.050 mmol, 10%) in

(8) (a) Fujita, K.; Furukawa, S.; Yamaguchi, [
2002 649, 289. (b) Fujita, K.; Yamamoto, K.; Yamaguchi, Rugelakt.
2002 4, 2691. (c) Fujita, K.; Owaki, M.; Yamaguchi, i
2002 2964. (d) Fujita, K.; Li, Z.; Ozeki, N.; Yamaguchi,

Lett. 2003 44, 2687. (e) Hanasaka, F.; Fujita, K.; Yamaguchi, R.
Huasnesesiaiigs’004 23, 1490. (f) Fujita, K.; Kitatsuji, C.; Furukawa,
S.; Yamaguchi, Riinsisssasssisgtt2004 45, 3215.

(9) Some other groups have reported hydrogen-transfer reductive ami-
nation reactions catalyzed by group 9 metal (Rh, Ir) complexes bearing a
Cp* ligand. (a) Kadyrov, R.; Riermeier, T. @003
42, 5472. (b) Kitamura, M.; Lee, D.; Hayashi, S.; Tanaka, S.; Yoshimura,
M 2002 67, 8685. (c) Ogo, S.; Makihara, N.; Kaneko, Y.;

Wétanabe, Y Sennaauestalilg 001, 20, 4903.

2786

acetone, 1,2,3,4-tetrahydroquinoline was formed in 32% yield
in addition to a very small amount &a (ca. 5%)(entry 4).
These results clearly indicate that acetone plays a key role
as a hydrogen acceptor. Other rhodium catalysts, Cp*Rh-
(OAC)*H0, RhCI(PPB)3, and [RhCI(COj],, showed lower
activity than [Cp*RhC}], (entries 5-7).}! The yield of2a
considerably decreased when the reaction was performed in
the presence of N&QOs or triethylamine as a base instead
of K,COs (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)propandlb
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0) bearing a substituent on the aromatic ring were converted moderate (63%) even with a higher catalyst loading (9.8%

into the corresponding 3,4-dihydro-2{}-quinolinones 2b—
g) in moderate to excellent yields, respectively (entrieg 2

Rh) (entry 6). It should be noted that the present catalytic
system was applicable to the synthesis of 1,3,4,5-tetrahydro-

With substrates bearing an electron-withdrawing substituent 2H-1-benzazepin-2-one2f)) using 4-(2-aminophenyl)-1-

(Cl, COMe, and COMe), the yields of the products were
excellent (entries-24). In the case of the substrdtebearing

a CN substituent, the yield of the prod&e was 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 substraid bearing the electron-
donating OMe substituent, the yield of the prod@éwas

Table 3. Synthesis of Oxindoles from Amino Alcohols
Catalyzed by the [Cp*RhEL/K,CO; Systend

entry substrate cat.(%Rh) product yieldb
OH
1 @(V 3.0 N O T4
3a NH2 4a H
OH
2 3.0 N © g
3 M2 4 H
Cl Cl
OH
3¢ 32 ° =5
NHa N
3c 4c
” -
c (o]
4 @(\// 6.0 N 46
H Me
3d 4d

aReaction was carried under refluxrf8 h with amino alcohol (1.0
mmol), [Cp*RhCL],, and KCO3 (10%) in acetone (20 mLY Isolated yield.
¢ Reaction was carried out in 0.50 mmol sc&l®eaction time was 20 h.
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butanol (Lh) 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 alcohols3d—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 alcohol3@g) in the presence of [Cp*Rhglb
(3.0% Rh) and KCO; (10%) in acetone (20 mL) under reflux
for 8 h gave oxindole4a) in 74% yield (entry 1). In this
reaction, a small amount of indole (10%) was also formed.
Reaction of 2-(2-aminophenyl)-1-propan8bj gave 3-me-
thyloxindole @b) 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 Schefde 1.
The first step of the reaction would involve the coordination
of amino alcohol to the rhodium center to give an intermedi-
ate A. Then, 5-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 (140C) and addition of excess benzalacetone as a hydrogen
acceptor are required, and applicable amino alcohols are highly restricted.
Naota, T.; Murahashi, S.-Bynlett1991, 693.

(11) Reaction ofla (0.50 mmol) at 100C for 20 h in the presence of
[Cp*IrCl3]2 (0.0127 mmol, 5.1% Ir) and ¥COs (0.050 mmol, 10%) in
acetone (12.5 mL) gavea in 59% vyield.
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an amino-aldehydB and a rhodium hydride speci€s(step ring lactams from amino alcohols catalyzed by a Cp*Rh
a). Insertion of acetone into the rhodiurhydride bond in complex. It should be noted that selective synthesis of
C would occur to give a rhodium isopropoxide spedizs  N-alkylated or lactamized product from the same starting
(stepb), which is subject to the alkoxy exchange reaction materials (amino alcohols) can be achieved by altering the
with amino alcohol to regenerate (stepc). Concurrently, catalytic systems (Cp*Rh in acetone or Cp*Ir in toluéhe
the intermediatéB would undergo condensation to give a Investigations in further detail about the differences of
cyclic hemiaminaE (stepd). Oxidation ofE by the rhodium catalytic activities of Cp*Rh and Cp*Ir complexes are now
catalyst vias-hydrogen elimination would give the lactam in progress, which we will disclose in due course.
productF (stepse andf). Thus, the Cp*Rh catalyst could
play a dual role in both dehydrogenations of the alcohol as  Acknowledgment. This work was supported by Grant-
well as the hemiaminal. in-Aid for Scientific Research from the Japan Society for
In summary, we have shown a new efficient catalytic the Promotion of Science (No. 14550806).
system for the synthesis of five-, six-, and seven-membered

12 Fi - A—— . . "y Supporting Information Available: Full experimental
irst step in this mechanism is similar to that we have proposed for : o . o .
the intramolecular cyclization of amino alcohols catalyzed by a Cp*Ir details and characterization data. This material is available

complex (ref 8b). We are currently investigating in detail the differences free of charge via the Internet at http://pubs.acs.org.
in catalytic activities between Cp*Rh and Cp*Ir complexes, which will be
disclosed in due course. 0OL0489954

2788 Org. Lett., Vol. 6, No. 16, 2004



