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Nitroarenes react with tris(3-hydroxypropyl)amine in an aqueous medium (diox@)edH180° in the
presence of a catalytic amount of a ruthenium catalyst and tin(ll) chloride along with isopropanol as hydro-
gen donor to afford the corresponding quinolines in good yields. The presence of tin(ll) chloride is essential
for the formation of quinolines. A reaction pathway involving initial reduction of nitroarenes to anilines,
propanol group transfer from tris(3-hydroxypropyl)amine to anilines to form 3-anilino-1-propanols, N-alky-
lation of anilines by 3-anilino-1-propanol to form 1,3-dianilinopropane and intramolecular heteroannulation
of 1,3-dianilinopropane is proposed for this catalytic pracess
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Introduction. Scheme 2
Compounds containing the quinoline framework hay @\ [Ru] 7 | N
. . R + N[(CH,;0H; ———— R
frequently been used as antimalarial compounds. Th SN PR T Ne,cHom, 180° NN

along with conventional named routes such as Skral

Dobner-von Miller, Conrad-Limpach, Friedlaender an 1 2 3
Pfitzinger syntheses, homogeneous transition metal-c

alyzed synthetic methods have been attempted as alte

tive methods for quinolines [1]. In connection with this tris(3-hydroxypropyl)amine2) under various conditions
report, during the course of our ongoing studies on homcare listed in Table 1 (Scheme 2). WHenwas treated with
geneous ruthenium-catalysis [1-9], we have directed ou? at 180° in the presence of a catalytic amount of a ruthe-
attention to the synthesis of quinolines [2] and indoles [3ium catalyst (5 mol%) and SnCilong with isopropyl

via an alkyl group transfer from-hydrogen containing alcohol as hydrogen donor, the reductive cyclization prod-
amines to anilines (amine exchange reaction [10]yct quinoline 8a) was produced with concomitant forma-
(Scheme ]_) Under these circumstances, we also reportégn of aniline. As it has been observed in our recent report
the direct use of nitroarenes instead of anilines for sucAn ruthenium-catalyzed reductive cyclization for quino-
heterocycles since nitroarenes are precursors of anilindéi§es and indoles [11a-c], the solvent system was critical

from the viewpoint of industrial organic chemistry [11,12]. for the effective formation da (runs 1-3). Performing the
reaction in an aqueous medium,®dioxane = 1 mL/9

mL) afforded3ain best yield [14]. The presence of SpCl

Scheme 1 . : J
ceme (Ru] was essential for the formation 8. The reaction in the
Ar-NH,  + \N—CHQCHQR absence of Sngldid not proceed at all with low conver-
/ amine exchange reaction sion oflato aniline (run 4). Comparing the results shown

in runs 4 and 5 of Table 1, SpGleems to play a decisive
Ar-NH—CH,CH,R | _> R,% . R,_/Oﬁﬁ role as both the reduction @& to aniline and cyclization
AN XN toward3a. It is known that nitroarenes can be easily con-
i verted into anilines in the presence of Sn@lder aqueous
as well as non-aqueous media [15]. Among the activity of

Herein, as another example for the synthesis of N-heterd/@rious ruthenium precursors examined, RuGH;0/
cycles using nitroarenes, we report a ruthenium-catalyzedt P and RUC)(PPhy); were revealed to be the catalysts

consecutive reduction and cyclization of nitroarenes wittPf choice (runs 5-10).

tris(3-hydroxypropyl)amine [13] leading to quinolinga ~_ Given these results, with various nitroarehése reduc-

an intrinsic amine exchange reaction. tive cyclized products were produced in the range of 42-
i , 123% vyields (Table 2). Witlpara-substituted nitroarene

Results and Discussion. 1b, the quinoline yield was higher than that whetho-

Several attempted results of the ruthenium-catalyzednd metasubstituted nitroarenelc and 1d were used. In
reduction and cyclization between nitrobenzeta® énd  the reaction witlc, the products quinolines were obtained
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Table 1

C.S. Cho, N. Y. Lee, H.-J. Choi, T.-J. Kimand S. C. Shim

Optimization of Conditions for the ReactionIdwith 2 Leading to3a[a]

Run Ruthenium catalysts SncCl H,O/dioxane
(mmol) (mL/mL)

1 RuCkenH,0/3PPh 1 0/10

2 RuCkenH,0/3PPh 1 1/9

3 RuCkenH,0/3PPh 1 5/5

4 RuCkenH,0/3PPh - 1/9

5 RuCkenH,0/3PPh 1 1/9

6 RuCh(PPhy)3 1 1/9

7 RuCh(=CHPh)(PCy),» 1 1/9

8 Ru(CO),» 1 1/9

9 RuHy(PPhy),4 1 1/9
10 Cp*RuCl(CO) 1 1/9

Time (h)

5

5
20
20
20
20
20
20
20
20

Conversion of

la

Vol. 40

Yield 8&[b]

16
52

0

0
91
92
84
67
61
40

[a] Reaction conditionslia (4 mmol), 2 (1 mmol), isopropanol (6 mmol), ruthenium catalyst (0.05 mmol), 180°, under Ar;

[b] GLC yield based og.

as a regioisomeric mixture, favoring 7-methyl isome!
which was formedia less sterically hindered position on
1c. We found that nitroarenes substituted with either ele
tron donating 1€) or electron withdrawing group4f¢1i)
were readily cyclized witl2 to form the corresponding
quinolines in moderate to good yields. The reaction pr
ceeds likewise with two-methyl substituted nitroaréne
to give 5,7-dimethylquinoline3() in high yield. The reac-
tion of 2-methyl-4-nitroanisolelk) with 2 also proceeds
to give the corresponding quinoliB& in 123% yield with
exclusive regioselectivity. The result of 123% vyield indi
cates that at least two propanol groups out of thréene
available for the transfer. Similar regioselectivity wa:
reported in our recent article on ruthenium-catalyze
cyclization oflk with 3-amino-1-propanol [11a].

As to the reaction pathway, although the exact role
SnCl is not yet fully understood and no intermediates ha
yet been detected, this reaction seems to procieed
sequence involving initial reduction df to aniline @),
propanol group transfer froma to N-atom of4 (amine
exchange reaction) to form 3-anilino-1-propar)l [(LO],
N-alkylation of4 with 5 to form 1,3-dianilinopropanes)
[16] and heteroannulation 6f(Scheme 3). An alternative
route for6 involves a sequence such as initial N-alkylatiol
of 4 with 2 to form 3-anilinoamine7 and 3-aminopropy!
group transfer fron to 4. Watanabe and Tsuiji reported tha
5 reacted with4 in the presence of a ruthenium catalyst t
give 3aand6 was intramolecularly cyclized to giBa[17].

In summary, we have demonstrated that nitroarenes
reductively cyclized with tris(3-hydroxypropyl)amine in
an aqueous medium in the presence of a catalytic amo
of a ruthenium catalyst and SpGllong with isopropanol
to give quinolines in moderate to good yields. The prese
reaction is an another example for the synthesis of N-he
rocycles using amine exchange reaction by the direct L
of nitroarenes.

Table 2

Ruthenium-Catalyzed Reductive Cyclization of 1 with 2 Leading to 3 [a]

Nitroarene 1

Me

1b

1c

1d

le
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1h
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1j

1k
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g
Zi /%

£
72\
Z Y

a =
- o
g
ENYAENY 2/

i 0z oz
o} O O
ENY AN AN

£
<]

g
g
ENY AN

&

3b

3¢

3d

3e

3f

3g

3h

3i

3i

3k

Yield [b]

93

68 [c]

63

70

85

87

48

42

95

123

[a] Reaction conditions: 1 (4 mmol), 2 (1 mmol), isopropanol (6 mmol),
RuClz*nH,O (0.05 mmol), PPh; (0.15 mmol), SnCl, (1 mmol),
dioxane/H,O (9 mL/1 mL), 180°, for 20 hours, under Ar; [b] Isolated yield
based on 2; [¢] Regioisomeric mixture: 5-Me/7-Me = 1/4.5 (400 MHz 'H

NMR).
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Scheme 3 vessel. After the system was flushed with argon, the reaction
mixture was stirred at 180° for 20 hours. The reaction mixture
[red] . -
PhNO, —» PhNH, was filtered through a short silica gel column (ethyl acetate-
1a 4 chloroform mixture) to eliminate inorganic compounds and con-
N[(CH,);0OH], centrated under reduced pressure. The residual mixture was sep:
2 arated by TLC to give the product quinoline. ExcepBipspec-
troscopic data foBb-3f [2c], 3g[11a], 3h [11a], 3] [2c] and3k

[11a] are noted in our recent report.
6-Carbomethoxyquinolinesy).

F VN -

PREN oH XHI\(\/\NHP}‘) 3-n This compound was obtained as a pale yellow solid, mp 85-86°
7 (hexane) (lit [19] mp 86-88°); ir (KBry 1717 (C=0) cni; 1H

NMR (CDCly): 6 3.92 (s, 3H), 7.39 (dd, J = 4.0 and 8.3 Hz, 1H),

‘ 4 | 4 8.07 (d, J = 8.5 Hz, 1H), 8.17-8.24 (m, 2H), 8.51 (d, J = 1.5 Hz,
l 1H), 8.93 (dd, J = 1.5 and 4.0 Hz, 1H$C NMR (CDCk): &
51.4, 120.8, 126.4, 127.1, 127.9, 128.8, 130.0, 136.3, 149.1,
PhHN""~~""NHPh 151.5, 165.6 (C=0).
6
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