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Anhydrous AlICl;-mediated heteroarylation of various arenes and heteroarenes with 2,4-dichloro-quin-
azoline (1) and 4-chloroquinoline (4) afforded exclusively 4-aryl/heteroarylquinazolines (3) and 4-aryl/
heteroarylquinolines (§), respectively. Compared with the available synthetic protocols, aluminum chlo-
ride induced C—C bond formation is direct and convenient to access bis-(hetero)aryl quinazolines and
quinolines. The products were obtained in good to excellent yields by this method.

J. Heterocyclic Chem., 46, 748 (2009).

INTRODUCTION

Biaryls and biheteroaryls are significant building
blocks in a large number of natural products [1] and are
also an important structural motif in a variety of biologi-
cally active compounds [2]. Pyrazinopyridine biheteroar-
yls have been reported as potent VEGFR-2 inhibitors
[3]. The meridianins and related psammopemmin marine
alkaloids  containing 3-(2-aminopyrimidine)-indole
motifs are potent protein kinase inhibitors [4] and pos-
sess antitumor activity [5]. The biheteroaryls have
drawn a great attention in advanced materials including
conductive polymers [6], liquid crystals [7], supramole-
cules [8], and molecular electronics [9]. Quinazolines
and quinolines are of considerable interest because of
their synthetic and therapeutic utility [10]. Biheteroaryls
containing these scaffolds may have interesting biologi-
cal and physicochemical properties. Important class of
atropisomeric biaryl ligands with axial chirality, quina-
zolinap [11], and related ligands [12] containing nitro-
gen in one of the aryl rings have been used in various
asymmetric reactions. These important biheteroaryls
were earlier synthesized by metal-catalyzed reactions,

which include palladium-catalyzed Suzuki-Miyaura
cross coupling [13] between organoboronic acid and hal-
ides, nickel- or palladium-catalyzed Negishi coupling
[14] of organozinc compounds with various halides, or
Stille coupling [15] between stannanes and halides.
These synthetic protocols require multistep reactions
involving either pyrophoric organolithium reagents or
toxic and expensive catalysts. Alternately, anhydrous
AICl3-mediated heteroarylation of arenes [16] and heter-
oarenes could be a cheap, convenient, and straightfor-
ward synthetic methodology to access the bis-heteroaryls
1-(2-chloroquinazolin-4-yl)-naphthalen-2-ol (3b) and 2-
chloro-4-(1H-indol-3-yl)quinazoline  (3g), which are
structurally similar to quinazolinap and meridianins,
respectively. As a part of our ongoing program devoted
to the diversity-oriented synthesis (DOS), we had
reported synthesis and biological activity of some azahe-
terocycles and coumarine derivatives. In the continua-
tion of our studies [17], herein we report a facile and
direct synthesis of 4-aryl/heteroaryl quinazolines and 4-
aryl/heteroaryl quinolines by AlCl3-mediated direct
C—C bond forming reactions.

© 2009 HeteroCorporation



July 2009

Friedel-Crafts Heteroarylation of (Hetero)arenes: A Facile Entry to 4-(Hetero)aryl

749

Quinazolines and Quinolines

| »

RY N
R=H, OH, Br R=H,Br Ri, R=H
Meridianin Psammopemmin 39

RESULTS AND DISCUSSION

The heteroarylation of arenes and heteroarenes with
2,4-dichloroquinazoline [18] was explored under Friedel-
Crafts reaction conditions. When one equivalent of arene/
heteroarene was reacted with one equivalent of 2,4-
dichloroquinazoline in the presence of 1.2 equiv of anhy-
drous aluminum chloride using dichloroethane as solvent,
4-(hetero)aryl-substituted-2-chloroquinazolines  were
formed exclusively in good to excellent yields. The results
are summarized in Table 1. Alternatively, on carrying out
reactions at relatively lower temperature (40-45°C) for a
longer duration of time (8-10 h), similar yield of the
arylated and heteroarylated products could be obtained.

The heteroarylation proceeded well in the presence of
various aryl and heteroaryl reactants. Arenes activated
with electron donating groups were found to be effective
for heteroarylation (entries 1-6). With 1,3,5-trimethoxy-
benzene as reactant, an excellent yield (85%) of the
product 3e was obtained in a short time (entry 5). Free
phenolic hydroxyl groups were found to be well toler-
ated during the reaction and heteroarylation occurred at
the ring carbon rather than oxygen (entries 1, 2, 3, and
6). With 2-hydroxynaphthalene (entry 2), a trace of 2,4-
diarylquinazoline was formed along with the product
3b. The structures of the products synthesized were
established by analytical and spectroscopic data. The
regioselectivity of the product 3a—d were confirmed by
NOESY experiment (Figure 1). In the '"H NMR spec-
trum of compound 3a, the signals at 6 3.49, 6.46, 7.01,
and 7.68 were assigned for H-19, H-15, H-17, and H-4,
which in ">C NMR were appeared at § 55.25, 104.00,
116.21, and 128.65, respectively.

The existence of correlations in the NOESY experi-
ment of 3a between the protons signals of H-19 and H-
15, between the protons signals of H-19 and H-17 and
the protons signals of H-15 and H-4 suggested that there
is no substitution at C-15 and C-17, which is the con-
firmatory evidence of structure for the compound 3a.
Similarly, the connectivity in compound 3d was con-
firmed from correlation between the proton signals at &
6.61 (H-4) and o 3.71 (H-7), between the protons signals
of 6 6.67 (H-2) and & 3.90 (H-8) and between the pro-
tons signals of 6 6.61 (H-4) and 6 3.90 (H-8) in the

Journal of Heterocyclic Chemistry

pr C cl N _R
N’Q N
/N _N

N NH, \ R, O PPh,

R
R = H, alkyl, (hetero)aryl
Quinazolinap 3b

NOESY experiment of compound. A number of nitro-
gen-containing heteroarenes, e.g., pyrrole (entry 11),
indoles (entries 7-10), and indolizines (entries 12—15)
were used in the AICls-induced reaction.

The reactivity toward indole and pyrrole derivatives
(entries 7—15) were somewhat more than those of naph-
thyl derivatives which might be due to differences in
their nucleophilicity. Similarly, with 1,3-dimethoxyben-
zene and sym-trimethoxybenzene, the arylation was com-
pleted within 2 h at 65-70°C, and the products were iso-
lated in excellent yields (entries 4 and 5). The reaction of
2,4-dichloroquinazoline with various indolizines (fused
pyrroles) (entries 12—15) were completed at 40-45°C
within a few minutes. Imidazoles (entries 16 and 17), sur-
prisingly, did not react under similar conditions. This is
perhaps due to the formation of a metal-ionic complex
with imidazole (pK, = 7.1) resulting in a decrease of
nucleophilicity. Thus, unlike pyrrole derivatives, the
more basic imidazole system having an additional nitro-
gen atom deactivates the ring for arylation to occur.

The arylation of 4-chloroquinoline derivatives with
arenes and heteroarenes under similar conditions fur-
nished 4-(hetero)aryl-substituted quinolines. The results
are shown in Table 2. In the case of 4-chloro-2,8-bis(tri-
fluoromethyl)quinoline, the reaction occurred in 72-80%
yield at 60-65°C in 45-50 min for 1,3-dimethoxy-ben-
zene and 1,3,5-trimethoxybenzene as nucleophiles. How-
ever, unsubstituted 4-chloroquinoline and 8-hydroxy
quinoline failed to undergo arylation with arenes and
heteroarenes.

The proposed mechanism is shown in Figure 2. The
two chlorine atoms in 2,4-dichloroquinazoline are in dif-
ferent electronic environments, the chlorine at C-4
becomes more labile due to a greater electron withdraw-
ing effect involving both the N atoms through meso-
meric effects and hence can be easily replaced by a suit-
able nucleophile to give the regioselective product. A
similar mechanism in the case of 4-chloro-2,8-bis(tri-
fluoromethyl)quinoline may be invoked. Trifluoromethyl
groups in the quinoline derivative make the reaction
more facile by participating in decreasing the electron
density at C-4 and thereby making this position more
electrophilic for the nucleophilic attack.
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Table 1
Regioselective AlCl3-mediated synthesis of 4-(hetero)arylquinazolines.”
N Cl
Ny © AICl,, DCE N
_N + Ar(HetyH ———> =N
N
1 cl 2 3 Ar(Het)
Substrate 2; Product 3;
Entry Ar(Het)-H Temp. (°C) Time Ar(Het) = Yield® (%) m.p. (°C)
1 MeO OH 75-80 3h . 70 173-175
a
a
2 OH 75-80 3h A 64 168-170
99 “C’”
5 99
b
3 OH 75-80 3h | 65 155-157
¢ OH
c
4 OMe 65-70 2h n 83 140-142
Q/ OMe
OMe
d OMe
d
5 MeO. OMe 65-70 1.5h e 85 200-202
MeO OMe
OMe
e OMe
e
6 OH 75-80 3h A 60 >250
o )
@ "
f OH
f
7 75-80 3h | 77 175-177
0 £
N AN
H NH
g
g
(Continued)
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Table 1

(Continued)
Substrate 2; Product 3;
Entry Ar(Het)-H Temp. (°C) Time Ar(Het) = Yield® (%) m.p. (°C)
8 75-80 2.5h \ 30 142-144
g8 7
N AN
\ N
h \
h
9 75-80 2.5h | 57 >250
- :
N AN
H NH
i
i
10 75-80 2.5h 50 260-262
A A
W, S
N
H. NH
J .
]
11 75-80 2.5h . 85 107-109
/) %
N 7z
N . NH
k K
12 40-45 15 min 80 192-194
Z N=
N7
1
13 40-45 15 min 85 218-220
= — Cl J\ll
N~ cl AN\
m = —
m
14 40-45 10 min 85 190-192
Z N=
N / Br
n
15 4045 10 min 80 146-148
Z N= O
soN—Z N\
0
16 N 75-80 4 h No reaction
0
N
H
P
17 OCH, 75-80 4 h No reaction
NN
S < 5

#Reaction stoichiometries: 1 (1.0 equiv), 2a-2q (1.0 equiv), AICl3 (1.2 equiv).

" Isolated yield.
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Figure 1. NOESY correlations in 3a and 3d.

CONCLUSIONS

In conclusion, we have explored for the first time the
scope and limitation of AlCl;-mediated arylation and
heteroarylation of mono and dichloroazarenes through a
direct C—C bond forming reaction with arenes and het-
eroarenes. Suitably substituted chloroazarenes with sin-
gle nitrogen atom such as 4-chloro-2,8-bis(trifluorome-

Vol 46

thyl)quinoline could be arylated regioselectively to fur-
nish 4-arylquinolines. Similarly, arylation of 2,4-dichlor-
oquinazoline leads to the formation 4-aryl and 4-hetero-
aryl quinazolines which are of biological importance.
The biheteroaryls with ortho substituent are obtained in
their racemic form, which after resolution could be sep-
arated into atropisomers, providing an easy route to
access the P, N ligands. Surprisingly, demethylation and
debromination of the product were not observed in any
case in the presence of anhydrous aluminum chloride
under the comparatively mild conditions.

EXPERIMENTAL

General methods. All the reactions were performed under
nitrogen atmosphere in oven-dried glass wares. The nucleo-
philic substrates 2a—q used were either commercially available
or prepared in laboratory. Aluminum chloride used was of
commercial grade. A commercial grade dichloroethane stored

Table 2
AICl;-mediated synthesis of 4-(hetero)arylquinolines.®

al Ar(Het)
N AlCI,, DCE N
+
Ar(HetyH —— 3
N7 ~CF, 60-65 °C, N, NZ CF,
CFs CFs g
4
Entry Substrate Ar(Het)-H Time Product 5; Ar(Het)= Yield® (%) m.p. (°C)
1 OMe 45 min n 80 105-107
OMe
OMe
2d OMe
a
2 MeO OMe 50 min e 72 133-135
MeO. OMe
OMe
2e OMe
b
3 2.5h | 68 141-143
g8 £
w st
NH
2g

[

#Reaction stoichiometries: 4 (1.0 equiv), 2d, 2e, and 2g (1.0 equiv), AICl; (1.2 equiv).

" Isolated yield.
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Figure 2. Proposed mechanism for the regioselective substitution in
quinazoline.

over calcium chloride was used. Reaction progress was moni-
tored by TLC aluminum sheets silica gel 60 F,s4. '"H NMR and
13C NMR spectra were recorded on Bruker Supercon Magnet
DPX-200 or DRX-300 spectrometers (operating at 200 and 300
MHz, respectively, for 'H; 50 and 75 MHz, respectively, for
'3C) using CDCly and DMSO-dj as solvent. Tetramethylsilane
(8 0.00 ppm) served as an internal standard in 'H NMR and
CDCl; (8 77.23 ppm) in *C NMR. Splitting patterns are
described as singlet (s), broad singlet (brs), doublet (d), triplet
(t), and multiplet (m). Electrospray mass spectra (ES-MS) were
recorded on a Micromass Quattro II triple quadruple mass spec-
trometer. High-resolution electron impact mass spectra
(HREIMS) were obtained on JEOL MS route 600H instrument.
Elemental analysis was performed on Vario EL-IIl CH N S an-
alyzer. Column chromatography was performed over Merck
silica gel (particle size: 60—120 mesh) obtained from Qualigens
(India), or flash silica gel (particle size: 230-400 mesh).

General method for the preparation of 2,4-dichloroquin-
azoline 1

Step 1. A mixture of anthranilic acid (50 g, 0.36 mol) and
urea (109 g, 1.82 mol) was heated [18a] in neat at 135-140°C
using an air condenser for 3 h. The product mixture was
poured into crushed ice (500 mL) with continuous stirring for
30 min. Quinazoline-2,4-dione thus obtained as solid was fil-
tered, washed with water and used as such in the next step.
Yield 74%; m.p. > 250°C.

Step 2. A mixture of quinazoline-2,4-dione (20 g, 0.12 mol)
as obtained earlier and POCl; (98 g, 0.64 mol) was refluxed in
the presence of N,N-dimethylaniline (8.5 g, 0.07 mol) for 5 h
[18b]. The reaction mixture was allowed to cool to room tem-
perature and poured cautiously into crushed ice (500 mL) with
continuous stirring for 20 min. The precipitate obtained was
filtered, washed with water, and finally purified column chro-
matography using 30% ethyl acetate/hexane as eluent. Yield
73%; m.p.: 115-116°C (116-117°C) [18b].

General method for the preparation of 4-(hetero)aryl
quinazolines 3a—o. To the solution of 2,4-dichloroquinazoline
1 (1 mmol, 0.198 g) in 10 mL of dichloroethane under stirring,
AlCl; (1.2 mmol, 0.158 g) was added and allowed to stir for
2-5 min. Nucleophilic substrate 2a—q (1 mmol) (Table 1) were
added and allowed to stir for completion of the reaction (see
Table 1 for time and temperature). Reaction was monitored by
TLC using 30% of ethyl acetate-hexane mixture. The reaction
mixture was cooled to room temperature and poured into
crushed ice (100 mL) with continuous stirring for 15-20 min.
The products were obtained either by filtration through suction
pump (3b, 3g) or extracted with dichloromethane (3 X
30 mL). The organic layers were combined, washed with
brine, and concentrated under reduced pressure after drying
over Na,SO,4. The crude products obtained were further puri-
fied by silica gel column chromatography using ethyl acetate-
hexane as eluent.

Journal of Heterocyclic Chemistry

1-(2-Chloroquinazolin-4-yl)-7-methoxynaphthalen-2-ol  (3a).
Yield 70%; m.p.: 173-175°C; IR (potassium bromide): 3450,
1597, 1351, 1183 cm™'; '"H NMR (300 MHz, CDCL;): & 3.49
(s, 3H), 6.46 (d, 1H, J = 2.2 Hz), 7.01 (dd, 1H, J = 8.9, 2.3
Hz), 7.14 (d, 1H, J = 8.8 Hz), 7.44-7.49 (m, 1H), 7.68 (d,
1H, J = 8.3 Hz), 7.72 (d, 1H, J = 8.9 Hz), 7.81 (d, 1H, J =
8.9 Hz), 7.89-7.95 (m, 1H), 8.05 (d, 1H, J = 8.4 Hz); "*C
NMR (75 MHz, CDCls): 6 55.25 (CH3), 104.00 (CH), 113.8,
116.21 (CH), 116.44 (CH), 122.92, 124.34, 128.05 (CH),
128.25 (CH), 128.65 (CH), 130.18 (CH), 132.90 (CH), 133.98,
135.86 (CH), 153.00, 154.64, 156.70, 158.87, 170.13; ES-MS
(m/z): [M+H]" 337; HRMS -EI: found: 336.0665, calculated:
336.0666. Anal. Calcd. for C;oH3CIN,O,: C, 67.76; H, 3.89;
N, 8.32. Found: C, 67.61; H, 3.78; N, 8.23.

1-(2-Chloroquinazolin-4-yl)naphthalen-2-ol  (3b). Yield
64%; m.p.: 168—170°C; IR (potassium bromide): 3455, 1580
em™'; 'H NMR (300 MHz, CDCl;): & 7.17 (d, 1H, J = 8.3
Hz), 7.26-7.32 (m, 2H), 7.34-7.39 (m, 1H), 7.42-7.48 (m,
1H), 7.61 (d, 1H, J = 8.1 Hz), 7.85 (d, 1H, J = 7.7 Hz),
7.90-7.96 (m, 2H), 8.09 (d, 1H, J = 8.4 Hz); '*C NMR (75
MHz, CDCl;): & 115.17, 118.69, 123.48, 123.89, 124.09,
127.24, 127.80, 127.97, 128.15, 128.26, 128.44, 131.78,
133.04, 135.27, 152.50, 153.28, 157.18, 171.31; ES-MS (m/z):
[M+H]" 307; HRMS-EL: found: 306.0550, calculated:
306.0560. Anal. Calcd. for C;gH;;CIN,O: C, 70.48; H, 3.61;
N, 9.13. Found: C, 70.16; H, 3.70; N, 8.93.

4-(2-Chloroquinazolin-4-yl)naphthalen-1-ol  (3c). Yield
65%; m.p.: 155-157°C; IR (potassium bromide): 3445, 1587
em™'; 'H NMR (300 MHz, CDCl;): § 6.95 (d, 1H, J = 9.1
Hz), 7.26-7.40 (m, 4H), 7.47 (d, 1H, J = 9.0 Hz), 7.66 (d,
1H, J = 6.1 Hz), 7.78-7.83 (m, 1H), 7.93 (d, 1H, J = 6.0 Hz),
8.28 (d, 1H, J = 9.0 Hz), 9.95 (s, 1H); *C NMR (75 MHz,
CDCIl3+DMSO-de): 6 106.27, 121.53, 122.12, 122.46, 123.50,

123.76, 12595, 126.36, 126.45, 126.79, 128.64, 131.28,
133.72, 151.25, 154.48, 155.53, 171.47; ES-MS (m/z):
[M+H]" 307; HRMS-EL: found: 306.0558, calculated:

306.0559. Anal. Calcd. for C,gH;;CIN,O: C, 70.48; H, 3.61;
N, 9.13. Found: C, 70.17; H, 3.66; N, 9.01.

2-Chloro-4-(2,4-dimethoxyphenyl)quinazoline (3d). Yield
83%; m.p.: 140-142°C; IR (potassium bromide): 1611, 1209,
1161 cm™'; 'H NMR (300 MHz, CDCls): & 3.71 (s, 3H), 3.90
(s, 3H), 6.61 (d, 1H, J = 2.2 Hz), 6.67 (dd, 1H, J = 8.4, 2.3
Hz), 7.41 (d, 1H, J = 8.4 Hz), 7.49-7.55 (m, 1H), 7.77 (dd,
1H, J = 8.0, 0.8 Hz), 7.85-7.90 (m, 1H), 7.99 (d, 1H, J = 8.4
Hz); '*C NMR (75 MHz, CDCly): & 55.89, 56.01, 99.23,
105.64, 123.45, 127.70, 128.03, 128.65, 132.68, 135.00,
152.52, 158.66, 163.26, 171.21; FAB (m/z): 300, [M+H]"
301; HRMS-EI: found: 300.0663, calculated: 300.0666. Anal.
Calcd. for C;cH;3CIN,O,: C, 63.90; H, 4.36; N, 9.31. Found:
C, 63.95; H, 4.39; N, 9.29.

2-Chloro-4-(2,4,6-trimethoxyphenyl)quinazoline (3e). Yield
85%; m.p.: 200-202°C; IR (potassium bromide): 1610, 1215
em™'; '"H NMR (300 MHz, CDCl3): § 3.64 (s, 6H), 3.89 (s,
3H), 6.25 (s, 2H), 7.47-7.53 (m, 1H), 7.66 (dd, 1H, J = 7.9,
0.6 Hz), 7.83-7.89 (m, 1H), 7.99 (d, 1H, J = 8.46 Hz); '*C
NMR (75 MHz, CDCl;): & 55.68 (OCH3), 55.95 (OCHs),
90.99, 106.72, 124.48, 127.59, 127.72, 134.70, 152.19, 157.22,
159.17, 163.07, 169.66. ES-MS (m/z): [M+H]" 331; HRMS-
EI: found: 330.0769, calculated: 330.0771. Anal. Calcd. for
C,7H,5sCIN,O5: C, 61.73; H, 4.57; N, 8.47. Found: C, 61.49;
H, 4.42; N, 8.15.
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4-(2-Chloroquinazolin-4-yl)naphthalene-1,7-diol (3fXield
60%; m.p.: >250°C; IR (potassium bromide): 3452, 1585,
1352, 761 cm™'; "H NMR (200 MHz, DMSO-dq): & 6.77-6.86
(m, 2H), 7.10 (d, 1H, J = 7.7 Hz), 7.27 (d, 1H, J = 9.1 Hz),
7.35 (d, 1H, J = 2.3 Hz), 7.45-7.58 (m, 2H), 7.88-7.89 (m,
2H), 9.6 (brs, 1H), 10.39 (brs, 1H); *C NMR (50 MHz,
DMSO-dg): 6 104.43, 107.64, 119.96, 123.45, 123.63, 126.57,
127.09, 127.72, 128.12, 128.73, 135.90, 152.52, 154.39,
155.24, 156.35, 172.96, 175.22; ES-MS (m/z): [M+H]" 323;
HRMS-EI: found: 322.0507, calculated: 322.0509. Anal.
Calcd. for CgH;;CIN,O,: C, 66.99; H, 3.44; N, 8.68. Found:
C, 66.79; H, 3.41; N, 8.61.
2-Chloro-4-(1H-indol-3-yl)quinazoline (3g). Yield 77%;
m.p.: 175-177°C; IR (potassium bromide): 1521, 1487, 1340
cm ' 'H NMR (300 MHz, CDCl;+DMSO-dy): & 7.27-7.30
(m, 2H), 7.54-7.57 (m, 1H), 7.61-7.67 (m, 1H), 7.88-7.94 (m,
1H), 7.97-8.02 (m, 2H), 8.26-8.29 (m, 1H), 8.45 (dd, 1H, J =
8.1, 0.6 Hz), 11.57 (NH); “C NMR (75 MHz,
CDCl3+DMSO-de): 6 111.91, 112.23, 121.12, 121.27, 121.40,
122.94, 126.03, 127.05, 127.25, 130.80, 133.98, 136.81,
152.17, 156.63, 166.35; FAB (m/z): 279, [M+H]" 280;
HRMS-EI: found: 279.0494, calculated: 279.0485. Anal.
Calcd. for C;¢H;(CIN5: C, 68.70; H, 3.60; N, 15.02. Found: C,
68.79; H, 3.68; N, 15.21.
2-Chloro-4-(1-methyl-1H-indol-3-yl)quinazoline (3h). Yield
80%; m.p.: 142-144°C; IR (potassium bromide): 1563, 1347,
735 cm™'; "H NMR (300 MHz, CDCls): § 3.93 (s, 3H), 7.28—
7.36 (m, 2H), 7.38-7.43 (m, 1H), 7.55-7.61 (m, 1H), 7.78 (s,
1H), 7.84-7.89 (m, 1H), 7.97 (dd, 1H, J = 8.3, 0.7 Hz), 8.17—
8.20 (m, 1H), 8.41 (dd, 1H, J = 8.6, 0.7 Hz); '*C NMR (75
MHz, CDCls): 6 33.68 (CHj3), 109.96 (CH), 112.19 (C),
121.53 (C), 122.04 (CH), 122.12 (CH), 123.52 (CH), 127.00
(©), 127.29 (CH), 127.46 (CH), 128.05 (CH), 133.93 (CH),
134.33 (CH), 137.65 (C), 152.90 (C), 157.37 (C), 166.15 (C);
ES-MS (m/z): [M+H]" 294; HRMS-EI: found: 293.0689, calc-
uated: 293.0719. Anal. Calcd. for C;7H;,CIN;5: C, 69.51; H,
4.12; N, 14.30. Found: C, 69.45; H, 4.10; N, 14.19.
2-Chloro-4-(2-methyl-1H-indol-3-yl)quinazoline (3i). Yield
57%; m.p.: >250°C; IR (potassium bromide): 1519, 1485,
1352 cm™'; '"H NMR (200 MHz, CDCl34+DMSO-dg): 8 2.60
(s, 3H), 7.05-7.21 (m, 2H), 7.42-7.45 (m, 2H), 7.51-7.58 (m,
1H), 7.87-8.01 (m, 2H), 8.12 (d, 1H, J = 8.3 Hz), 10.95 (brs,
1H); '*C NMR (50 MHz, CDCl3+DMSO-dg): & 13.67, 111.52,
119.62, 120.96, 122.18, 122.79, 127.26, 127.91, 128.18,
128.93, 134.88, 136.06, 139.67, 153.01, 157.41, 168.56; ES-
MS (m/z): [M+H]" 294; HRMS-EI: found: 293.0718, calcu-
lated: 293.0719. Anal. Calcd. for C7H>,CIN3: C, 69.51; H,
4.12; N, 14.30. Found: C, 69.35; H, 4.22; N, 14.22.
2-Chloro-4-(2-phenyl-1H-indol-3-yl)quinazoline (3j). Yield
50%; m.p.: 260-262°C; IR (potassium bromide): 3223, 1598,
1345, 747 em™ ', 'H NMR (300 MHz, CDCl5+DMSO-dg): &
7.09-7.15 (m, 1H), 7.23-7.28 (m, 4H), 7.32-7.39 (m, 3H),
7.55-7.82 (m, 2H), 7.73 (d, 1H, J = 8.2 Hz), 7.84-7.93 (m,
2H); '*C NMR (75 MHz, CDCl;+DMSO-dg): & 106.57,
110.20, 117.70, 119.13, 120.14, 121.12, 125.47, 125.71,
126.32, 126.69, 126.96, 129.81, 133.24, 134.71, 138.15,
150.58, 154.79, 166.49; FAB (m/z): 355, [M+H]" 356. Anal.
Calcd. for C5oH4CIN;3: C, 74.26; H, 3.97; N, 11.81. Found: C,
74.59; H, 3.89; N, 11.75.
2-Chloro-4-(1H-pyrrol-2-yl)quinazoline (3k). Yield 85%;
m.p.: 107-109°C; IR (potassium bromide): 3220, 1550 cm™";
'"H NMR (300 MHz, CDCly): § 6.46-6.49 (m, 1H), 7.14-7.16
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(m, 1H), 7.26-7.28 (m, 1H), 7.79-7.64 (m, 1H), 7.83-7.88 (m,
1H), 7.92 (dd, 4H, J = 8.3, 0.9 Hz), 8.53 (d, 1H, J = 8.5 Hz),
10.13 (s, NH); '*C NMR (75 MHz, CDCl): § 112.59, 117.33,
119.68, 123.99, 126.21, 127.85, 127.97, 128.34, 134.47,
153.26, 156.75, 159.41; ES-MS (m/z): [M+H]" 230; HRMS-
EI: found: 229.0357, calculated: 229.0407. Anal. Calcd. for
C,HgCIN3: C, 62.76; H, 3.51; N, 18.30. Found: C, 62.41; H,
3.67; N, 18.54.
2-Chloro-4-(2-phenylindolizin-3-yl)quinazoline  (31). Yield
80%; m.p.: 192-194°C; IR (potassium bromide): 2366, 1598,
1350, 767 cm™!; 'H NMR (300 MHz, CDCLy): & 6.72-6.77
(m, 1H), 6.78 (s, 1H), 6.98-7.08 (m, 2H), 7.10-7.15 (m, 5H),
7.53-7.59 (m, 2H), 7.63-7.68 (m, 1H), 7.87 (d, 1H, J = 8.49
Hz), 8.99 (d, 1H, J = 7.2 Hz); '*C NMR (75 MHz, CDCl5): &
101.55, 111.23, 114.25, 117.69, 119.95, 120.45, 123.43,
125.49, 125.70, 125.90, 127.24, 127.76, 133.15, 134.13,
134.22, 135.39, 151.99, 155.59, 161.36; ES-MS (m/z):
[M+H]" 356; HRMS-EI: found: 355.0876, calculated:
355.0876. Anal. Calcd. for C,,H4CIN3: C, 74.26; H, 3.97; N,
11.81. Found: C, 73.95; H, 4.13; N, 11.49.
2-Chloro-4-[2-(4-chlorophenyl)indolizin-3-yl]quinazoline (3m).
Yield 85%; m.p.: 218-220°C; IR (potassium bromide): 1597,
1349, 773 cm~'; '"H NMR (300 MHz, CDCl5): § 6.69-6.74 (m,
2H), 6.96-7.13 (m, 6H), 7.51 (d, 1H, J = 8.9 Hz), 7.53 (dd, 1H,
J = 8.6, 0.6 Hz), 7.66-7.71 (m, 1H), 7.87 (d, 1H J = 8.5 Hz),
8.91 (dd, 1H, J = 7.2, 0.6 Hz); *C NMR (75 MHz, CDCl5): 5
102.87, 112.90, 115.55, 119.18, 121.32, 122.07, 124.86, 127.29,
127.56, 128.41, 128.91, 130.32, 133.22, 134.04, 134.21, 134.89,
136.81, 153.53, 157.09, 162.54; ES-MS (m/z): [M+H]" 390;
HRMS-EI: found: 389.0492, calcuated: 389.0487. Anal. Calcd.
for C,,H3Cl,N;3: C, 67.71; H, 3.36; N, 10.77. Found: C, 67.46;
H, 3.42; N, 10.63.
4-[2-(4-Bromophenyl)indolizin-3-yl]-2-chloroquinazoline
(3n). Yield 85%; m.p.: 190-192°C; IR (potassium bromide):
1597, 1348, 772cm™"; 'H NMR (300 MHz, CDCl;): & 6.70—
6.75 (m, 2H), 6.97-7.02 (m, 3H), 7.09-7.15 (m, 1H), 7.22—
7.25 (m, 2H), 7.50-7.55 (m, 2H), 7.67-7.73 (m, 1H), 7.88 (d,
1H, J = 8.3 Hz), 891 (dd, 1H, J = 7.1, 0.5 Hz); °C NMR
(75 MHz, CDCl3): 6 102.83, 112.94, 115.55, 119.22, 121.38,
121.45, 122.08, 124.90, 127.35, 127.64, 128.42, 130.66,
131.90, 134.05, 134.72, 134.94, 136.85, 157.15, 162.58; ES-
MS (m/z): [M+H]" 434 (Br’®), 436(Br*’); HRMS-EI: found:
432.9950, calcuated: 432.9981. Anal. Calcd. for
C,,H3BrCINs: C, 60.78; H, 3.01; N, 9.67. Found: C, 60.59;
H, 3.29; N, 9.43.
4-(2-Benzofuran-2-yl-indolizin-3-yl)-2-chloroquinazoline
(30). Yield 80%; m.p.: 146-148°C; IR (potassium bromide):
1596, 1350 1172, 765 cm™'; "H NMR (300 MHz, CDCl3): &
6.49 (s, 1H), 6.67-6.71 (m, 1H), 6.94-6.99 (m, 1H), 7.02-7.12
(m, 4H), 7.17-7.22 (m, 1H), 7.36-7.39 (m, 1H), 7.52 (d, 1H,
J = 8.9 Hz), 7.72-7.79 (m, 2H), 7.99 (d, 1H, J = 8.3 Hz), 8.68
(d, 1H, J = 7.2 Hz); '*C NMR (75 MHz, CDCl5): & 99.79,
103.04, 109.49, 111.60, 113.77, 117.96, 119.38, 120.36, 121.16,
121.49, 122.17, 122.87, 123.14, 126.27, 126.35, 127.39, 133.58,
135.01, 149.88, 151.95, 153.21, 155.61, 161.43; ES-MS (m/z):
[M+H]" 396; HRMS-EI: found: 395.0831, calculated:
395.0825. Anal. Calcd. for C,4H14CIN5O: C, 72.82; H, 3.56; N,
10.62. Found: C, 72.53; H, 3.70; N, 10.45.

General method for the preparation of 4-(hetero)aryl
quinolines 5a-c. 4-Chloro-2,8-bis(trifluoromethyl)quinoline 4
(1 mmol, 0.299 g) was added in 10 mL of dichloroethane.
Under stirring, to it was added AICl; (1.2 mmol, 0.158 g) and
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allowed to stirred for 2—-5 min. Nucleophilic substrates 2d, 2e,
and 2g (1 mmol) (Table 2) were added and allowed to stirred
at 60—65°C. The reaction mixture was cooled to room temper-
ature and poured into ice-cold water (100 mL) with continuous
stirring for 15-20 min. The products were obtained by extract-
ing with dichloromethane (3 x 30 mL). The organic layers
were combined, washed with brine and concentrated under
reduced pressure after drying over Na,SOy. The crude products
obtained further purified by silica gel column chromatography
using ethyl acetate-hexane mixture.
4-(2,4-Dimethoxyphenyl)-2,8-bis-trifluoromethylquinoline
(5a). Yield 80%; m.p.: 105-107°C; IR (potassium bromide):
1610, 1200, 1150 cm™'; "H NMR (200 MHz, CDCl3): § 3.69
(s, 3H), 3.91 (s, 3H), 6.64-6.69 (m, 2H), 7.19 (d, 1H, J = 8.5
Hz), 7.54-7.62 (m, 1H), 7.72 (s, 1H), 7.92 (d, 1H, J = 8.4 Hz),
8.13 (d, 1H, J = 7.1 Hz). >C NMR (75 MHz, CDCl3): § 55.70,
55.81, 99.23, 105.28, 118.33, 119.23, 126.61, 128.90, 128.97,
129.12, 131.21, 132.05, 144.16, 147.99, 148.45, 148.86, 157.97,
162.40; ES-MS (m/z): [M+H]" 402; HRMS-EL: found:
401.0848, calcuated: 401.0850. Anal. Calcd. for C9H;3FsNO>:
C, 56.87; H, 3.27; N, 3.49. Found: C, 57.02; H, 3.56; N, 3.24.
4-(2,4,6-Trimethoxyphenyl)-2,8-bis-trifluoromethylquinoline
(5b). Yield 72%; m.p.: 133-135°C; IR (potassium bromide):
1613, 1194, 1143 cm™'; '"H NMR (200 MHz, CDCl5): & 3.64
(s, 6H), 3.89 (s, 3H), 6.24 (s, 2H), 7.10 (d, 1H, J = 8.2 Hz),
7.23 (s, 1H), 7.53-7.62 (m, 1H), 7.89 (d, 1H, J = 8.3); 1°C
NMR (75 MHz, CDCl3): & 55.67, 55.98, 91.10, 106.70,
118.36, 119.21, 126.58, 128.87, 128.89, 130.99, 132.01,
144.12, 147.95, 148.39, 148.84, 159.10, 168.90; ES-MS (m/z):
[M+H]" 432; HRMS-EL: found: 431.0955, calcuated:
431.0955. Anal. Calcd. for CooH;sFsNOs: C, 55.69; H, 3.51;
N, 3.25. Found: C, 55.51; H, 3.58; N, 2.97.
4-(1H-Indol-3-yl)-2,8-bis-trifluoromethylquinoline (5c). Yield
66%; m.p.: 145-147°C; IR (potassium bromide): 1611, 1522,
1403, 778 em™'; 'H NMR (300 MHz, CDCly): § 7.21-7.27
(m, 2H), 7.52-7.58 (m, 2H), 8.01-8.13 (m, 1H), 8.26 (m, 1H),
8.27-8.29 (m, 1H), 8.39 (s, 1H), 11.53 (brs, 1H, NH); "°C
NMR (75 MHz, CDCls): & 111.89, 112.30, 118.21, 119.03,

120.99, 121.19, 121.31, 123.01, 126.11, 127.25, 128.63,
128.96, 130.99, 131.93, 136.71, 145.62, 147.89, 148.36,
148.67; ES-MS (m/z): [M+H]" 381; HRMS-EI: found:

380.0739, calculated: 380.0746. Anal. Calcd. for C;9H;oFgN>:
C, 60.01; H, 2.65; N, 7.37. Found: C, 59.73; H, 2.55; N, 7.26.
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