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Abstract: A novel and efficient copper-catalyzed cascade method
for the synthesis of quinazoline derivatives has been developed. The
protocol uses readily available substituted (2-bromophenyl)methyl-
amines and amidine hydrochlorides as the starting materials, inex-
pensive CuBr as the catalyst, and economical and environment
friendly air as the oxidant, and the corresponding quinazoline deriv-
atives were obtained in moderate to good yields. The procedure un-
derwent sequential intermolecular N-arylation, intramolecular
nucleophilic substitution and aerobic oxidation.
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The quinazoline derivatives have shown various biologi-
cal and pharmacological activities. For example, they
have been used as antitubercular, antiviral, anticancer
agents,! DNA ligands® and potent antibacterial agents.’
Although many approaches to quinazoline derivatives
have been developed, they often suffer from some draw-
backs such as necessary activating groups,* expensive cat-
alysts,’ multistep synthesis, and harsh reaction
conditions.” Therefore, it is highly desirable to developed
anovel, efficient and practical method for the synthesis of
this kind of compounds. Recently, copper-catalyzed cou-
pling reactions have attracted much attention because of
low cost, low toxicity and high efficiency of the copper-
catalysts® and some N-heterocycles including quinazo-
lines were synthesized via the copper-catalyzed coupling
strategy by us’ and other groups.!® Herein, we report a
novel and useful copper-catalyzed approach to quinazo-
line derivatives.

Reaction of (2-bromophenyl)methylamine (1a) with ben-
zamidine hydrochloride (2¢) was chosen as the model re-
action to optimize reaction conditions including the
catalysts, bases, solvents and temperature. As shown in
Table 1, the copper-catalyzed cascade synthesis of 2-
phenylquinazoline (3a) underwent a sequential two-step
procedure: intermolecular N-arylation under N, and intra-
molecular aerobic oxidative dehydrogenation under air.
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First, four copper catalysts were screened using K,CO; as
the base, DMSO as the solvent at 100 °C under N, for 24
hours, and then under air for 0.5 hour (entries 1-4), and
CuBr exhibited the highest catalytic activity (entry 2). No
target product was observed in the absence of copper cat-
alyst (entry 5). Other bases were tested (entries 6—8), and
they were inferior to K,CO; (compare entries 2 and 6-8).
Affect of solvents was investigated (compare entries 2 and
9-11), and DMSO showed the best result. Different tem-
perature was attempted (entries 12 and 13), and 100 °C
was found to be most suitable (compare entries 2, 12 and
13). A lower yield was afforded when the reaction was
performed under air for the two steps (N-arylation and ox-
idation; compare entries 2 and 14). Therefore, the opti-
mum reaction conditions are as follows: CuBr as the
catalyst, K,COj; as the base, DMSO as the solvent at 100 °C
under N, for 24 hours, and then under air for 0.5 hours.

With the optimum reaction conditions in hand, the scope
of copper-catalyzed cascade synthesis of quinazoline de-
rivatives was investigated. As shown in Table 2, the tested
substrates afforded moderate to good yields. For substitut-
ed (2-bromophenyl)methylamines 1, (2-bromo-4-fluoro-
phenyl)methanamine (1¢) gave lower yields than (2-
bromophenyl)methylamine (1a) and (2-bromo-5-me-
thoxyphenyl)methanamine (1b). For aromatic amidines,
the substrates containing electron-withdrawing groups ex-
hibited lower reactivity than those containing electron-do-
nating groups. Inspiringly, reactions of substituted (2-
bromophenyl)methylamines 1 with guanidine hydrochlo-
ride (2j) also gave better results (entries 10 and 19). The
reactions could tolerate some functional groups including
C—Cl bond (entries 7 and 17), nitro (entries 8, 9 and 18),
ether (entries 11-19), and C—F bond (entries 20-22) in the
substrates.

The reaction mechanism for the synthesis of quinazoline
derivatives was explored. As shown in Scheme 1, treat-
ment of benzylamine (4) with benzamidine hydrochloride
(2e) was carried out under the standard conditions, and no
product 5 was observed. The result showed that the reac-
tions of substituted (2-bromophenyl)methylamines 1 with
amidine hydrochlorides 2 did not first start from nucleo-
philic attack of amino in 1 to carbon in amidine 2 because
of weak electrophilic power of amidine group. Therefore,
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Table 1 Copper-Catalyzed Synthesis of 2-Phenylquinazoline (3a) from Reaction of (2-Bromophenyl)methylamine (1a) with Benzamidine
Hydrochloride (2e): Optimization of Conditions*

NH,-HCI SN
(i) cat., base, solvent _
temp 24 h, N N

(ii) air, temp, 0.5 h
3e

Entry Catalyst Base Solvent Temp (°C) Yield (%)®

1 Cul K,CO; DMSO 100 87

2 CuBr K,CO; DMSO 100 92

3 Cu(OAc), K,CO;4 DMSO 100 84

4 Cu K,CO; DMSO 100 88

5 - K,CO; DMSO 100 trace

6 CuBr Cs,CO; DMSO 100 32

7 CuBr Na,CO, DMSO 100 70

8 CuBr Et;N DMSO 100 36

9 CuBr K,CO;, dioxane 100 16
10 CuBr K,CO4 toluene 100 65
11 CuBr K,CO; DMA 100 83
12 CuBr K,CO; DMSO 70 79
13 CuBr K,CO; DMSO 130 59
14 CuBr K,CO; DMSO 100 64¢

2 Reaction conditions: (2-bromophenyl)methylamine (1a; 0.5 mmol), benzamidine hydrochloride (2e; 1.0 mmol), catalyst (0.1 mmol), base (1.5
mmol), solvent (2 mL), under N, for the first step, under air for the second step.

b Isolated yield.

¢ The reaction was carried out under air for the two steps.

CuBr, K,CO3, DMSO

NHa-HCl air, 100 °C, 24 h @AN
©/\ = HN

2e 5

Scheme 1 Treatment of benzylamine (4) with benzamidine hydrochloride (2e) under the standard conditions
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Scheme 2 Possible mechanism for the synthesis of quinazoline derivatives 3
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a possible mechanism for the synthesis of quinazolines is
proposed in Scheme 2. Coordination substituted (2-bromo-
phenyl)methylamines 1 with CuBr provides complex I,
and oxidative addition of I leads to I1. Complexation of II
with amidine 2 in the presence of base affords III, and re-
ductive elimination of IIl gives the N-arylation product
IV freeing the catalyst (CuBr). Intramolecular nucleophil-
ic attack of amino to carbon of amidine group provides V
leaving NH,, and aerobic oxidation of V leads to the de-
sired target product 3.

In summary, we have developed a novel and efficient cop-
per-catalyzed cascade method for the synthesis of quinaz-
Table 2 Copper-Catalyzed Synthesis of Quinazoline Derivatives 3*

(i) CuBr, K»CO3, DMSO

oline derivatives.!! The protocol uses readily available
substituted (2-bromophenyl)methylamines and amidine
hydrochlorides as the starting materials, inexpensive
CuBr as the catalyst, and economical and environment-
friendly air as the oxidant, and the corresponding quinaz-
oline derivatives were obtained in moderate to good
yields. The procedure underwent sequential intermolecu-
lar N-arylation, intramolecular nucleophilic substitution
and aerobic oxidation, and the inexpensive, convenient
and efficient method for the synthesis of quinazolines will
find a wide application in some fields.

Ri X NHz NH2HCl "\, 80-120 °C XN
| P + )\ R1_: )\
Br HN®" “R2 (i) air, 80-120 °C, 0.5 h NN O Re

Entry 1 2 3 (Temp., Yield®)
NH, NH,HCI @N
1 CKBT HN)\ N/)\
1a 2a 3a (100 °C, 73%)
NH,-HCI

NS
o
~
T
Zi

LA

2b 3b (100 °C, 62%)
NH-HCI @N
3 1a HN)\/\ N/)\/\
2 3¢ (100 °C, 60%)
NH,-HCI @N
/
: f "y i
2d 3d (100 °C, 94%)
NH,-HCI @\N
HN NZ
5 1a
2e 3e (100 °C, 92%)
NHHCI @N
HN X @
=
2f 3f (100 °C, 99%)
NH,-HCl ©j§,\,
HN N7
7 1a
cl cl
2g 3g (100 °C, 73%)
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Table 2 Copper-Catalyzed Synthesis of Quinazoline Derivatives 3* (continued)

(i) CuBr, K»COj3, DMSO

Ri_ A NHy NH2HCl "\, 80-120 °C XN
| _ + 2\ R1_: )\
Br HN® “R2 (i) air, 80-120 °C, 0.5 h NN O Re

Entry 1 2 3 (Temp., Yield®)
NH,HCI @N
—
AN AN
g 1a VY, N
Z o, Z > no,
2h 3h (100 °C, 40%)
NH,-HCI @N
NO.
HN 2 N/ NO,
9 1a
2i 3i (80 °C, 78%)
NH,-HCI ©\AN
10 1a HNZ > NH, N/)\NHZ
2 3j (120 °C, 68%)
M
11 = Br 2a N/)\
1b 3k (100 °C, 60%)
12 1b 2b N//K/
31 (100 °C, 69%)
13 1b 2¢ N//K/\
3m (100 °C, 72%)
s
14 1b 2d N)W
3n (100 °C, 85%)
MeO. N Xy
| P
15 1b 2e N
30 (100 °C, 73%)
2
X
16 1b 2 O
%
3p (100 °C, 71%)
s
N X
17 1b 28 |
Z (¢]]
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Table 2 Copper-Catalyzed Synthesis of Quinazoline Derivatives 3* (continued)

(i) CuBr, K»COj3, DMSO

Rt X NHz NH2HCl "\, 80-120 °C o @\/%
+ 2\ A
" HN® “R2 (i) air, 80-120 °C, 0.5 h NN

B

R2

Entry 1 2 3 (Temp., Yield®)
MeO N
= NOZ
18 1b 2i N
3r (80 °C, 65%)
19 1b 2j z N/)\NHZ
35 (120 °C, 86%)
X
@(\NHZ Q\N
~
20 F Br 2d F N)w
le 3t (100 °C, 55%)
OO
s
F N
21 lc 2e
3u (100 °C, 50%)
SN
F N/
22 1c 2f

3v (100 °C, 49%)

* Reaction conditions: substituted (2-bromophenyl)methylamine (1; 0.5 mmol), amidine hydrochloride (2; 1.0 mmol), CuBr (0.1 mmol), K,CO,
(1.5 mmol), DMSO (2 mL), reaction temperature (80—120 °C), under N, for the first step, under air for the second step.

b Isolated yield.
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General Procedure for the Synthesis of Compounds 3a—
v: A 25-mL Schlenk tube was charged with a magnetic
stirrer and DMSO (2.0 mL). Substituted (2-
bromophenyl)methylamine 1 (0.5 mmol), amidine
hydrochloride 2 (1.0 mmol), CuBr (0.1 mmol, 14.2 mg), and
K,CO; (1.5 mmol, 207 mg) were added to the tube. The
mixture was stirred at 80—120 °C under nitrogen atmosphere
for 24 h, and then under air for 0.5 h. The resulting mixture
was cooled to r.t. and filtered, and the solid was washed with
EtOAc three times (3 x 3 mL). The combined filtrate was
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concentrated by the rotary evaporator, and the residue was
purified by column chromatography on silica gel using
petroleum ether—EtOAc as eluent to give the desired target
product. Three representative examples are shown as
follows: Quinazolin-2-amine (3j); (Ref. 12): Eluent:
petroleum ether—EtOAc (1:3). Yield: 49.3 mg (68%); yellow
solid. "H NMR (300 MHz, DMSO-dy): §=9.10 (s, 1 H), 7.77
(d,J=8.1Hz, 1H),7.66 (t,/=7.2Hz,1H),7.43 (d,J=8.1
Hz, 1 H), 7.19 (t, J = 7.2 Hz, 1 H), 6.91 (s, 2 H). 3*C NMR
(75 MHz, DMSO-d;): 6 =162.8, 161.4, 152.3, 134.5, 128.3,
125.0, 122.4, 120.0. ESI-MS: m/z = 146.3 [M + H]". 2-(4-
Chlorophenyl)-6-methoxyquinazoline (3q); (Ref. 13):
Eluent: petroleum ether—EtOAc (10:1 — 5:1). Yield: 90.5
mg (67%); white solid. 'H NMR (300 MHz, CDCL,): 4 =
9.31 (s, 1 H), 8.50 (d, /=9.0 Hz, 2 H), 7.95 (d, /J=9.3 Hz,
1 H), 7.54 (dd,J=9.3,2.7Hz, 1 H), 747 (d,/J=6.9 Hz, 2
H), 7.11 (d, J=2.7 Hz, 1 H), 3.95 (s, 3 H). 3C NMR (75
MHz, CDCl,): 6 = 158.9, 158.5, 147.0, 136.8, 136.4, 130.2,
129.6, 128.9, 127.4, 124.6, 104.0, 55.8. ESI-MS: m/z =
271.2 [M +H]". 7-Fluoro-2-phenylquinazoline (3u); (Ref.
14): Eluent: petroleum ether—EtOAc (10:1). Yield: 56.0 mg
(50%); white solid. 'H NMR (300 MHz, CDCl5): § = 9.40 (s,
1 H), 8.59-8.62 (m, 2 H), 7.88-7.91 (m, 1 H), 7.70-7.77 (m,
1 H), 7.51-7.55 (m, 3 H), 7.36-7.40 (m, 1 H). *C NMR (75
MHz, CDCl;): 6 =166.0 (J=255.8 Hz), 161.9, 160.0, 152.5
(d,3J=13.6 Hz), 137.8,131.1, 129.8 (d,J= 10.8 Hz), 128.8,
121.0, 118.0 (d, J=25.1 Hz), 112.6 (d, J= 20.8 Hz). ESI-
MS: m/z=225.2 [M +H]".
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