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Abstract: A PPTS (pyridinium p-toluenesulfonate)-catalyzed bicyclization reaction of 2-isocyanobenzalde-
hydes as 1,5-dielectrophiles with various amines has been developed. The reaction not only provides a simple
and efficient strategy for the assembly of structurally diverse fused quinazoline derivatives from readily
available substrates under metal-free and mild conditions in a single step with only water and hydrogen as the
by-products, but also opens the way to the application of o-formyl arylisocyanides in the synthesis of nitrogen-
containing heterocycles.
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Introduction

Due to the significance of molecular diversity and
complexity in drug discovery and other research fields,
development of efficient synthesis toward valuable
complex and diverse compounds from easily available
starting materials, along with minimum environmental
impacts, has attracted great interest in academia and
industry.[1] Among various synthetic routes to these
compounds, metal-free bicyclization reactions are
highly attractive due to their inherent advantages of
step- and atom-economy and sustainability as well as
no heavy metal residue.[2] On the other hand, nitrogen-
containing heterocycles are the most remarkable motifs
found in a wide range of natural products and
pharmaceuticals.[3] Among the vast array of hetero-
cycle compounds, various fused quinazoline deriva-
tives, such as benzo[4,5]imidazo[1,2-c]quinazolines,
quinazolino[3,4-a]perimidines, quinazolinoquinazoli-
nones, isoquinolino[2,1-c]quinazolines and other poly-
cyclic fused quinazoline derivatives, are particularly
fascinating skeletons and show a broad spectrum of
medicinally profound bioactivities.[4] Moreover, poly-
cyclic fused quinazoline derivatives are also used as
core components of various functional materials and
ligands.[5] Consequently, various prevalent and useful
methods for the synthesis of fused quinazoline deriva-

tives based on different synthetic strategies have been
developed.[6–10] However, most of methods suffer from
the limited substrate scope, tedious synthetic proce-
dures, hard reaction conditions or use of transition
metal catalysts. Thus, development of new and system-
atical methods for the diversity-oriented construction
of polycyclic fused quinazoline derivatives from read-
ily available substrates, especially from the same
starting materials, in the absence of transition metals
under mild conditions is an appealing and challenging
for chemists.

Because of their unique and versatile reactivities,
isocyanides are very useful building blocks and have
been extensively applied in organic chemistry.[11]
Among the various functionalized arylisocyanides, o-
carbonyl arylisocyanides have been employed as
valuable precursors for the synthesis of diverse classes
of heterocycles.[12] As important members of these
families, although the preparation of o-formyl aryliso-
cyanides had been achieved,[13] report on application of
o-formyl arylisocyanides is considerably rare. To the
best of our knowledge, so far only one application
based on the o-formyl arylisocyanides was described.
Very recently, our group reported a silver-catalyzed
coupling cyclization reaction of o-formyl arylisocya-
nides, amines, and 2,2,2-trifluorodiazoethane for the
first time.[14] As part of our continuing research on the
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synthesis of nitrogen-containing compounds,[14,15] here-
in we reported a PPTS-catalyzed bicyclization reaction
of 2-isocyanobenzaldehydes as 1,5-dielectrophiles with
various amines for the first time (Scheme 1). The
advantages of the current protocol can be summarized
as follows: (1) the reaction provides a simple and
efficient strategy for the assembly of structurally
diverse fused quinazoline derivatives; (2) this strategy
allows the formation of two rings and three new bonds
with only water and hydrogen as the by-products in a
single step; (3) this protocol is characterized by a broad
substrate scope, readily available starting materials,
mild reaction conditions, and high scalability.

Results and Discussion

Initially, the reaction of 2-isocyanobenzaldehyde 1a
and o-phenylenediamine 2a was investigated to opti-
mize the reaction conditions (Table 1). We found that
the benzo[4,5]imidazo[1,2-c]quinazoline 3aa was ob-
tained in 52% yield when the reaction of 1a
(0.2 mmol) with 2a (0.5 mmol) was performed in the
presence of pyridinium p-toluenesulfonate (PPTS,
10 mol%) at room temperature for 1 h (Table 1,
entry 1). To our delight, the yield of 3aa was raised to
91% by the addition of 4Å molecular sieves (100 mg)
under otherwise identical conditions (entry 2). De-
creasing the amount of PPTS led to comparatively
lower yield (entry 3). Further increasing the amount of
PPTS did not improve the yield of 3aa (entry 4). Other
acid catalysts, such as AcOH, TsOH, and TfOH were
less effective than PPTS (entries 5–7). Among the
solvents tested, DMSO turned out to be the best
choice. Other solvents, such as DMF, MeCN, THF,
1,4-dioxane, toluene and DCE gave lower yields.

With the optimized reaction conditions in hand, the
scope of the bicyclization reaction was examined and
the results are summarized in Table 2. We found that
the bicyclization showed broad tolerance to various
diamines. All selected o-phenylenediamines 2a–k
bearing either electron-withdrawing or electron-donat-
ing groups on the aromatic rings and pyridine-3,4-
diamine 2 l reacted smoothly with 2-isocyanobenzalde-
hyde 1a to give the corresponding benzo[4,5]imidazo
[1,2-c]quinazolines 3aa–l in high to excellent yields.
In this transformation, symmetrical o-phenylenedi-
amines 2a–d gave single isolated products 3aa–d as
expected. Reactions of o-phenylenediamines 2f–k with
1a provided inseparable regioisomers 3af–k. In the
case of 3-methylbenzene-1,2-diamine 2e and pyridine-
3,4-diamine 2 l, the bicyclization reaction showed
exclusive regioselectivity and produced the desired
products 3ae and 3al in 85% and 69% yields,
respectively. Similarly, N1-phenylbenzene-1,2-diamine
2m could react efficiently with 1a to produce desired
product 3am in 91% yield. When naphthalene-1,8-
diamine 2n was employed as reaction partner, the
dihydroquinazolino[3,4-a]perimidine 3an was pro-
duced in 93% yield. In addition, the bicyclization of 2-
(aminomethyl)aniline 2o with 1a also proceeded
efficiently in a highly regioselective manner, resulting
in the expected single product 3ao in 92% yield.[16]
Besides to aromatic amines, a range of aliphatic
diamines, such as propane-1,3-diamine 2p, N1-meth-
ylpropane-1,3-diamine 2q, and butane-1,4-diamine 2r
also proved to be efficient partners, and the desired
fused quinazoline derivatives 3ap–r were obtained in
high to excellent yields. Notably, even using 2-amino-
benzamide 2s as dinucleophile, the bicyclization also
worked well, yielding the desired product 3as in 67%
yield. More importantly, 2-(1H-benzo[d]imidazol-2-yl)

Scheme 1. Bicyclization reaction of o-formyl arylisocyanides
with amines for the synthesis of diverse fused quinazolines.

Table 1. Optimization of reaction conditions.[a]

Entry Catalyst
[mol%]

Addition Solvent t Yield[b]
[%]

1
2
3
4
5
6
7
8
9
10
11
12
13

PPTS (10)
PPTS (10)
PPTS (5)
PPTS (15)
AcOH (10)
TsOH (10)
TfOH (10)
PPTS (10)
PPTS (10)
PPTS (10)
PPTS (10)
PPTS (10)
PPTS (10)

–
4ÅMS (100 mg)
4ÅMS (100 mg)
4ÅMS (100 mg)
4ÅMS (100 mg)
4ÅMS (100 mg)
4ÅMS (100 mg)
4ÅMS (100 mg)
4ÅMS (100 mg)
4ÅMS (100 mg)
4ÅMS (100 mg)
4ÅMS (100 mg)
4ÅMS (100 mg)

DMSO
DMSO
DMSO
DMSO
DMSO
DMSO
DMSO
DMF
MeCN
THF
dioxane
toluene
DCE

1
1
1
1
1
1
1
1
1
2
2
2
2

52
91
86
90
33
45
57
74
58
46
51
38
41

[a] 1a (0.2 mmol), 2a (0.2 mmol), catalyst (5–15 mol%), 4Å MS
(100 mg), solvent (0.5 mL), at room temperature for 1–2 h.

[b] Isolated yield.
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anilines 2t and 2u were also tolerant, with the
generation of polycyclic fused quinazolines 3at and
3au in 85% and 86% yields, respectively (Table 2). In
addition, a scale-up reaction of 1a (5.0 mmol) and 2n
(5.0 mmol) was carried out for 2 h under otherwise
identical conditions as above, furnishing 1.10 g of the
desired product 3an in 81% isolated yield, showing
the practicality of the transformation.

To further explore the generality of this new
reaction for dinucleophiles, the PPTS-catalyzed bicyc-
lization reaction of 2-isocyanobenzaldehyde 1a with
various N,O-dinucleophiles 4 was investigated (Ta-
ble 3). As a result, when the reaction of 1a with (2-
aminophenyl)methanol 4a was carried out under the
identical conditions as above, the desired quinazolino

[3,4-a]-3,1-benzoxazine 5a was generated in 93%
yield. Similarly, other amino alcohols, such as 2-(2-
aminophenyl)ethanol 4b and 3-aminopropan-1-ol 4c,
were also compatible in this bicyclization reaction and
the corresponding fused quinazoline derivatives 5b
and 5c were obtained in 93% and 84% yields,
respectively. Notably, when 2-aminobenzoic acid 4d
was used as N,O-dinucleophile, the bicyclization
reaction also proceeded efficiently to give the desired
product 5d in 77% yield (Table 3).

On the basis of the above experimental results,
along with the consideration of Friedel-Crafts alkyla-
tion reaction of imines with arenes,[17] we reasoned that
the imine intermediate generated in situ from the
reaction of 2-isocyanobenzaldehyde 1a with 2-(1H-
pyrrol-1-yl)aniline 6a can undergo a sequential intra-
molecular Friedel-Crafts alkylation and intramolecular
cyclization to afford polycyclic fused quinazoline
derivatives (Table 4). As expected, the polycyclic fused
quinazoline 7a was obtained in 87% yield when 2-
isocyanobenzaldehyde 1a (0.2 mmol) was treated with
6a (0.2 mmol) under the optimized reaction conditions
as above. Similarly, fused pyrrole 7b was produced in
83% yield when 4-methyl-2-(1H-pyrrol-1-yl)aniline
6b was employed as N,C-dinucleophile. In addition,
considering the importance of fused indole scaffold in

Table 2. PPTS-Catalyzed bicyclization of 2-isocyanobenzalde-
hyde 1a and diamines 2.[a,b]

[a] Reaction conditions: 1a (0.2 mmol), 2 (0.2 mmol), PPTS
(10 mol%), 4Å MS (100 mg), DMSO (0.5 mL), at room
temperature for 1–2 h.

[b] Isolated yield.
[c] The reaction was performed at 100 °C for 1.5 h.
[d] The reaction was performed at 120 °C for 12 h.

Table 3. PPTS-Catalyzed bicyclization of 2-isocyanobenzalde-
hyde 1a and N,O-dinucleophiles 4.[a,b]

[a] Reaction conditions: 1a (0.2 mmol), 4 (0.2 mmol), PPTS
(10 mol%), 4Å MS (100 mg), DMSO (0.5 mL), at room
temperature for 1–2 h.

[b] Isolated yield.
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pharmaceuticals, fragrances, agrochemicals, and
pigments,[18] the bicyclization reaction of 2-(1H-indol-
1-yl)anilines 6c–e with 1a also was investigated As a

result, fused indoles 7c–e were formed in high yields.
More importantly, ethylamines bearing an aromatic
ring 6f and 6g were tolerated, with the generation of
polycyclic fused quinazolines 7f and 7g in 85% and
64% yields, respectively (Table 4). The above results
further indicate that the bicyclization reaction can
tolerate various dinucleophiles and exhibit good flexi-
bility.

Next, we turned to extend the scope of 2-
isocyanobenzaldehydes 1. As shown in Scheme 2,
various 2-isocyanobenzaldehydes 1b–e bearing either
electron-withdrawing or electron-donating R groups on
the aromatic ring could react smoothly with 2a to give
the corresponding benzo[4,5]imidazo[1,2-c]
quinazolines 3b–ea in high yields (Scheme 2). Sim-
ilarly, dihydroquinazolino[3,4-a]perimidines 3b–en
were produced in high yields when 2-isocyanobenzal-
dehydes 1b–e were treated with naphthalene-1,8-
diamine 2n under the optimized reaction conditions
(Scheme 2).

In addition, the oxidation reaction of 3an was
explored. We found that the oxidation reaction of 3an
(0.2 mmol) proceeded efficiently in the presence of
Cu(OAc)2 (2.0 equiv.) in toluene at 100 °C for 6 h to
give the desired oxidation product 3an’ in 94% yield
(Scheme 3).

To further probe the mechanism for the formation
3, the reaction of 1a with 2a was carried out under an
atmosphere of nitrogen under otherwise identical

Table 4. PPTS-Catalyzed bicyclization of 2-isocyanobenzalde-
hyde 1a and N,C-dinucleophiles 6.[a,b]

[a] Reaction conditions: 1a (0.2 mmol), 6 (0.2 mmol), PPTS
(10 mol%), 4Å MS (100 mg), DMSO (0.5 mL), at room
temperature for 12 h.

[b] Isolated yield.

Scheme 2. PPTS-Catalyzed bicyclization of 2-isocyanobenzal-
dehydes 1b–e and 2a or 2n.[a,b]

Scheme 3. Oxidation reaction of 3an.
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conditions. As a result, no desired product 3aa was
obtained, indicating that molecular oxygen as oxidant
is required for the synthesis of 3aa (Scheme 4).

On the basis of the above experimental results
together with related reports,[11–13,17] a possible mecha-
nism for the formation of 3, 5 and 7 is proposed in
Scheme 5 (with the formation of 3aa as example).
Initially, in the presence of PPTS, the in situ condensa-
tion of 2-isocyanobenzaldehyde 1a and o-phenylenedi-
amine 2a generates aldimine A. Subsequently, inter-
mediate A undergoes an intramolecular cyclization,
followed by the protonation of isocyano group to give
intermediate B. The nitrogen anion of intermediate B
attacks the terminal carbon atom of the isocyano group
to produce intermediate C. Finally, benzo[4,5]imidazo
[1,2-c]quinazoline 3aa was produced via a sequential
deprotonation and oxidative aromatization process
(Scheme 5).

Conclusion
In summary, a new PPTS-catalyzed bicyclization
reaction of 2-isocyanobenzaldehydes as 1,5-dielectro-
philes with various amines has been developed for the
first time. The reaction provides a simple and efficient
strategy for the assembly of structurally diverse fused
quinazoline derivatives by formation of two rings and
three new bonds in a single step. This protocol features
readily available starting materials, mild conditions,
broad substrate scope, good functional tolerance, high
reaction efficiency, and high product yields. The
method will open the way to the application of o-
formyl arylisocyanides in the synthesis of nitrogen-
containing heterocycles. Further work on the applica-
tions and extension of o-formyl arylisocyanides are
currently under investigation in our laboratory.

Experimental Section
General Procedure for the Preparation of 3, 5and 7
(3aa as Example)
An oven-dried vial equipped with a magnetic stir bar was
charged with 2-isocyanobenzaldehyde 1a (26.3 mg, 0.2 mmol),
o-phenylenediamine 2a (21.6 mg, 0.2 mmol), PPTS (5.6 mg,
10 mol%), 4 Å MS (100 mg), then DMSO (0.5 mL) was added.
The resulting suspension was stirred at 25 °C for 1 h until 1a
disappeared. After the reaction was complete, the resulting
mixture was filtered (Celite/EA), then was diluted with 30 mL
brine and extracted with ethyl acetate (10 mL×3). The
combined organic layers were washed three times with brine
and dried over anhydrous MgSO4. The solid was recrystallized
in ethyl acetate/n-hexane to afford pure product 3aa (39.9 mg,
91%) as a white solid. 1H NMR (600 MHz, CDCl3) δ: 9.10 (s,
1H), 8.69–8.64 (m, 1H), 8.00 (d, J=8.1 Hz, 1H), 7.97 (d, J=

8.1 Hz, 1H), 7.94 (d, J=8.1 Hz, 1H), 7.80–7.76 (m, 1H), 7.69
(t, J=7.5 Hz, 1H), 7.56 (t, J=7.7 Hz, 1H), 7.46 (t, J=7.6 Hz,
1H). 13C NMR (151 MHz, CDCl3) δ: 146.32, 144.00, 142.55,
136.11, 131.76, 128.63, 128.50, 128.13, 126.14, 124.19, 123.26,
120.29, 119.30, 110.06. HRMS (ESI-TOF): [M+H]+ calcu-
lated for C14H10N3

+: 220.0869, found: 220.0866.
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