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Abstract: A series of novel quinoline derivatives
having a spirocyclopropyl ring can be synthesized by
one-pot, three-component aza-Diels—Alder reac-
tions of arenecarbaldehydes, arylamines, and meth-
ylenecyclopropanes (MCPs) using a heterogeneous
solid acid catalyst, montmorillonite KSF, under mild
reaction conditions in good to excellent yields.
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During our investigations on the transformations of
methylenecyclopropanes 1 (MCPs) catalyzed by Lewis
acids,l"?l we disclosed a previously unknown transfor-
mation process of MCPs by the reaction with imines in
the presence of lanthanide triflates Ln(OTf); (Lewis
acids) to give aza-Diels—Alder products in good to
excellent yields.’#3® A range of imines derived from
arenecarbaldehydes 2 and arylamines 3 has been
examined. This process provides a novel and efficient
route to the synthesis of quinoline derivatives having a
cyclopropyl ring. However, the synthesis of imines from
various arenecarbaldehydes 2 and arylamines 3 and the
use of expensive lanthanide triflates are required in this
process. In general, imines are unstable compounds
which are easily decomposed to the starting materials
aldehydes and amines in the presence of water. Re-
cently, the one-pot multi-component synthetic proce-
durel* and the use of solid acid catalysts such as clays and
zeolitesP! have attracted considerable attention in
different areas of organic synthesis which can largely
simplify the synthetic step and operation under environ-
mentally benign conditions.’! Since the one-pot treat-
ment using arenecarbaldehydes 2 and arylamines 3 has
been disclosed before for the synthesis of homoallylic
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amines!’¥ instead of imines, herein we describe a simple
and efficient synthesis of quinoline derivatives having a
cyclopropyl group in a one-pot, three-component man-
ner using a heterogeneous solid acid catalyst, montmor-
illonite KSF clay, under mild reaction conditions
(Scheme 1).

The reaction of di(p-methoxyphenyl)methylenecyclo-
propane 1a (0.1 mmol), benzaldehyde 2a (0.1 mmol), and
m-trifluoromethylaniline 3a (0.1 mmol) was carried out
in the presence of montmorillonite KSF clay (50 mg) in
various solvents under the ambient atmosphere. In
order to get rid of the produced water during the
reaction, anhydrous MgSO, (0.15 mmol) was employed
in this reaction system. This one-pot, three-component
reaction was performed in a heterogeneous phase. The
results are summarized in Table 1. As can be seen from
Table 1, the reaction proceeded very well in CH;CN or
CH,Cl, (DCM) to give the corresponding aza-Diels—
Alder adduct 4a in very high yields (Table 1, entries 1
and 2). When the reaction was carried out in ethanol or
1,2-dichloroethane (DCE) or ethyl acetate, the aza-
Diels—Alder adduct 4a was obtained in moderate yields
(Table 1, entries 3, 7, and 9). But, if the reaction was
performed in acetone, ether, toluene or THF, the aza-
Diels—Alder adduct 4a was produced in very low yields
(Table 1, entries 4, 5, 6, and 8). This may be due to that
the oxygen atom in acetone, ether or THF can coor-
dinate to the active site in montmorillonite KSF clay and
subsequently impair its catalytic ability in the reaction.
However, in the case of ethanol and ethyl acetate, the
oxygen atoms do not have a strong coordination effect
owing to their structures. Toluene is a non-polar solvent
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Scheme 1.
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Table 1. The effects of various solvents in the reaction of
MCP (1a) with arenecarbaldehyde (2a) and arylamine (3a)
catalyzed by KSF.

_ CeH,OCH3-p NH,

CegH,OCH3-p * p-H;COCeH, CgH,OCH3-p
1a o Z';a Mont. KSF O AN

950 H
2a 4a

Entry Solvent Time [h] Yield [%]®!
1 CHZCN 10 100

2 CH,Cl, 24 90

3 CICH,CH,CI 32 59

4 Acetone 36 Trace
5 THF 40 Trace
6 Et,0 40 <20

7 EtOH 75 64

8 Toluene 75 Trace
9 EtOAc 36 54
10%! CH,CN 10 100
110! CHLCN 10 100
120 CH,CN 24 NR
13 CH,CN 24 NR
148 CHLCN 24 NR

[a] Isolated yields.

[l The catalyst (KSF and MgSO,) recovered by filtration
from the reaction mixture was used as the catalyst after
drying at 120°C for 4 h in an oven.

[c] Silica gel (SiO,) was used as the catalyst.

4] Zeolite was used as the catalyst.

[l Neutral AL,O; was used as the catalyst.

which cannot accelerate this one-pot, three-component
coupling reaction. Thus, the best solvent is CH;CN. It
should be noted that the montmorillonite KSF clay can
be recovered with MgSO, after reaction just by filtra-
tion. The recovered solid acid catalyst (KSFand MgSO,)
can be reused in the next reaction to give the same
results (Table 1, entries 10 and 11). The other solid acid
catalysts such as silica gel (SiO,), neutral Al,Os, and
zeolite showed no catalytic abilities for this reaction
(Table 1, entries 12, 13, and 14).

Under the optimized reaction conditions, we then
carried out this one-pot, three-component aza-Diels—
Alder reaction using other substrates. The results are
summarized in Table 2. As can be seen from Table 1, for
MCPs 1in which either R! and R? are aryl groups such as
1a,1d and 1e, or R'is aryl group and R?is aliphatic group
such as 1e¢, the reaction can take place to give the
corresponding aza-Diels—Alder product 4. We also
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found that the electron-donating or electron-withdraw-
ing substituents on the benzene ring (R' and/or R?) of
MCPs 1 significantly affected this reaction. If R! and/or
R? of MCPs 1 having electron-donating substituents
such as MeO or EtO group on the benzene ring, this aza-
Diels—Alder reaction proceeded very well to give the
corresponding adducts 4 in high yields under the same
conditions (Table 2, entries 1-10 and 13). Using diphe-
nylmethylenecyclopropane 1b as the substrate, the
reaction became sluggish. Thus, we did not use 1b as a
substrate for this reaction. For arylamines 3 either
having electron-donating or electron-withdrawing
groups on the benzene ring, the aza-Diels—Alder
products 4 are obtained in good to very high yields
under the same conditions (Table 2). On the other hand,
for arenecarbaldehydes 2, the electronic properties of
substituents on the benzene ring do not significantly
affect the reaction because in the reactions of MCP 1a
and p-nitrobenzaldehyde 2d having a strongly electron-
withdrawing group with aniline and MCP 1¢ and p-
methoxybenzaldehyde 2b having a strongly electron-
donating group with aniline catalyzed by KSF under the
same conditions, the corresponding aza-Diels—Alder
adducts 41 and 4 m were obtained in 32% and 44%,
respectively (Table 2, entries 11 and 12). These results
suggest that the combination of three components in this
reaction system is very important in order to produce the
coupling adducts in high yields.

In the reactions of unsymmetric MCP 1¢ (monoalkyl-
substituted MCPs) with arenecarbaldehydes and aryl-
amines under the same conditions, the aza-Diels-Alder
product was given as a cis- and trans-mixture (Table 2,
entries 2, 3, 5, 8, and 12). The ratios of cis-3 and trans-3
were determined based on the 'H NMR spectroscopic
data (Please see supporting information).! It should be
mentioned that for aliphatic amines or bisalkylated
MCPs (R! and R%*=aliphatic group), no reactions oc-
curred.

In conclusion, we have disclosed a previously un-
known transformation process of MCPs 1 by a one-pot,
three-component synthetic method with arenecarbal-
dehydes 2 and arylamines 3 in the presence of a very
cheap solid acid montmorillonite KSF clay to give aza-
Diels—Alder products 4in good to excellent yields under
mild conditions. A range of arylamines and arenecar-
baldehydes has been examined. This process provides a
novel and efficient route to the synthesis of quinoline
derivatives having a cyclopropyl ring. Efforts are under-
way to elucidate the further mechanistic details of this
reaction and to identify systems enabling similar reac-
tions of other substrates and subsequent transforma-
tions thereof.

asc.wiley-vch.de Adv. Synth. Catal. 2003, 345, 963 -966



Montmorillonite KSF-Catalyzed 1-Pot, 3-Component Aza-Diels—Alder Reactions

COMMUNICATIONS

Table 2. Montmorillonite KSF-catalyzed one-pot, three-com-
ponent aza-Diels—Alder reactions of MCPs 1 with arenecar-
baldehydes and arylamines.

o NH;
| + | R1 R2
R R? F
1 o R 3 Mont. KSF A
r———
NNy CH,CN, MgSoO, /NP A
+ R* H |
AP ~
R® 2 R?
1a: R' = R? = p-CH;0C4H,; 1b: R' = R? = CgHj;
1c: R' = p-EtOCgH,, R? = CH;;
1d: R' = R? = p-CH;C¢H,; 1e: R' = p-CH;0CgH,, R? = CgHs.
2a: R® = H; 2b: R® = p-CH,0; 2¢: R® = p-Cl; 2d: R® = p-NO,.
3a: R* = m-CF3; 3b: R* = H; 3c: R* = 0-CH,0; 3d: R* = p-EtO.
Enty MCP Aldehyde Amine  Time [h] Product Yield [%]
(cisltrans)
1 1a 2a 3b 40 4b 100
2 1c 2a 3b 36 4c 100 (3/2)
3 1c 2a 3a 24 4d 100 (10/1)
4 1d 2a 3a 64 4e 100
5 1c 2a 3c 64 4f 98 (2/1)
6 1a 2b 3b 36 4g 67
1a 2a 3d 48 4h 100
8 1c 2a 3d 48 4i 100 (3/1)
9 1e 2c 3b 40 4j 81 (5/1)
10 1a 2c 3b 35 4k 98
1 1a 2d 3b 27 4l 32
12 1c 2b 3b 64 4m 44 (3/1)
13 1e 2d 3d 40 4n 89 (2/1)

[a] Tsolated yields.

Experimental Section

General Remarks

'"H NMR spectra were recorded on a 300 MHz spectrometer in
CDCl; using tetramethylsilane as an internal standard. Infra-
red spectra were measured on a Perkin-Elmer 983 spectrom-
eter. Mass spectra were recorded with an HP-5989 instrument
and HRMS was measured by a Finnigan MA+mass spec-
trometer. Satisfactory CHN microanalyses were obtained with
a Carlo-Erba 1106 analyzer. Melting points are uncorrected.
All reactions were monitored by TLC with Huanghai GF,s,
silica gel coated plates. Flash column chromatography was
carried out using 300 —400 mesh silica gel.

General Procedure

Under the ambient atmosphere, arenecarbaldehyde 2a
(10.6 mg, 0.1 mmol), arylamine 3a (16.1 mg, 0.1 mmol), anhy-
drous MgSO, (18 mg, 0.15 mmol) and acetonitrile (1.0 mL)
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were added into a Schlenk tube. After the reaction mixture had
been stirred for about 2.0 h at room temperature, MCP 1a
(26.4 mg, 0.1 mmol) and Montmorillonite KSF (50 mg) were
added successively. The reaction mixture was stirred at room
temperature for several hours. The solvent was removed under
reduced pressure and the residue was purified by silica gel
column chromatography (SiO,, eluent: petroleum ether/
EtOAc, 20/1) to give 4a as a white solid; yield: 51 mg (100%).

General Procedure for Recycling the Catalyst

When the reaction was completed, the reaction mixture was
filtered off and the solid was washed with dimethoxyethylene
(DME). The obtained solid (KSF and MgSO,) was dried at
120°C in an oven for 4 hours. The recovered solid was directly
used for the next one-pot, three-component reaction of 1a, 2a,
and 3a without additional MgSO,. The yields of the corre-
sponding aza-Diels—Alder adduct 4a were almost same for two
runs by the same recovered catalyst.
7-Trifluoromethyl-4,4-bis(4-methoxyphenyl)-2-phenyl-

1,2,3,4-tetrahydrospiro(3,1'-cyclopropyl)quinoline (4a): White
solid; mp 168 -170°C; 'H NMR (CDCl;, 300 MHz, TMS): 6 =
0.25-0.29 (m,4H), 3.76 (s,3H, OCH}), 3.86 (s, 3H, OCHj;), 4.30
(s,1H,NH),5.11 (s, 1H),6.70 (d,2H,J =9.0 Hz, Ar), 6.88 - 6.98
(m, 6H, Ar), 7.08 (d, 1H, J=8.4 Hz, Ar), 7.31-7.34 (m, 5H,
Ar), 7.54 (d, 2H, J=8.4 Hz, Ar); *C NMR (CDCl;, 75 MHz,
TMS): 6 =7.22,25.44, 29.66, 53.39, 55.08, 55.54, 58.02, 112.19,
112.58, 114.08, 124.62 (q, Jcr=270Hz), 128.24 (q, Jer=
29.7 Hz), 129.28, 129.70, 130.12, 130.72, 131.61, 131.64 (q, J..
r=4.8 Hz), 133.06, 133.41, 135.20, 139.74, 139.96, 146.32,
158.17, 158.23; IR (CH,Cl,): v =3378, 3002, 2929, 2837, 1713,
1606, 1507, 1251, 831, 752, 705 cm~!; MS: m/e (%) =515 (M,
3.73), 406 (100); HRMS: calcd. for C;,HgF;NO,: 515.2072;
found: 515.2050; anal. calcd. for C;,H,sF;NO,: C 74.55%, H
5.47% ,N 2.72%; found: C 74.48%, H 5.63%, N 2.58%.
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