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ABSTRACT

A domino synthesis of 5,12-dihydroindolo[2,1-b]quinazoline derivatives via copper-catalyzed Ullmann-type intermolecular C�C and intra-
molecular C�N couplings is reported. Good yields of various 5,12-dihydroindolo[2,1-b]quinazoline derivatives were obtained. Reaction scopes,
limitations, and the reaction mechanism are discussed.

The 1,2,3,4-tetrahydropyrimido[1,2-a]indole and indolo-
[2,1-b]quinazoline skeletons exist in the core structures of
several biologically active compounds and natural pro-
ducts such as 5-HT4 receptor antagonistsA,

1 antimicrobial
active compounds B,2 antimalarial candidates C,3 and
anticancer agent tryptanthrin, respectively.4

The known methods for the synthesis of 1,2,3,4-tetra-
hydropyrimido[1,2-a]indole and indolo[2,1-b]quinazoline
have suffered from limitations such as limited availability
of starting materials, harsh reaction conditions, and poor
overall yield of the multistep synthesis.5,6 It is highly desir-
able todevelopanefficient syntheticmethodand expand the
structure diversity for current medicinal chemistry needs.
Over the past years, copper-catalyzed coupling reactions

in C�C, C�heteroatom bond formation have achieved
remarkable progress.7,8 Many types of heterocycles have
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been constructed via copper-catalyzed domino processes;
attractively, some tricyclic and tetracyclic systems, e.g.
imidazoindolone, pyrrolo[1,2-a]quinoxaline, pyrrolo[2,1-a]-
isoquinoline, pyrido[1,2-a]benzimidazole, and 4-oxo-indeno-
[1,2-b]pyrroles, have also been constructed.9,10 We are
interested in a copper-catalyzed domino process for effi-
cient synthesis of indole fused heterocycles.
For various fused N-heterocycles prepared through

Ullmann-type domino coupling precesses,9 an activating
group (carbonyl or its equivalent) was generally employed
to speed-up the coupling process.7c,g,9a�9l Very recently,
Ma’s group reported an efficient cascade synthesis of
phenothiazine from a nonactivated system.9m However,
two attempted syntheses for 2-amino indole from a non-
activated system failed.8g,9l Herein we report a copper-
catalyzed domino synthesis of 5,12-dihydroindolo[2,1-b]-
quinazoline derivatives from nonactivated starting material.
For the model reaction, N-(2-bromobenzyl)-2-iodoani-

line (1a) and malononitrile (2a) were adopted, and the
reaction was screened by using 10 mol % CuI, 20 mol %
ligand, and 3.0 equiv of K2CO3 in DMSO at 90 �C under
argon. From various ligands (L1�L12, Table 1) screened,
trans-4-OH-L-proline (L1) which was reported to promote
C�C coupling at �45 �C8a was identified to be the

optimum ligand (entries 1�12, Table 1). A diminished
yield was obtained at 70 �C (entry 13, Table 1). Without
ligand, the yield was poor (entry 14, Table 1). A low
catalyst loadingwas not effective either (entry 15, Table 1).
Other copper sources, e.g. Cu, CuBr, CuCl, and Cu2O,
were found to be less effective (entries 16�19, Table 1).

Table 1. Optimization of theCoupling ofN-(2-Bromobenzyl)-2-
iodoaniline with Malononitrilea

entry catalyst ligand base solvent

yield

(%)b

1 CuI L1 K2CO3 DMSO 71

2 CuI L2 K2CO3 DMSO 41

3 CuI L3 K2CO3 DMSO 58

4 CuI L4 K2CO3 DMSO 70

5 CuI L5 K2CO3 DMSO 52

6 CuI L6 K2CO3 DMSO 32

7 CuI L7 K2CO3 DMSO 40

8 CuI L8 K2CO3 DMSO 42

9 CuI L9 K2CO3 DMSO 24

10 CuI L10 K2CO3 DMSO 18

11 CuI L11 K2CO3 DMSO 49

12 CuI L12 K2CO3 DMSO 23

13 CuI L1 K2CO3 DMSO 51c

14 CuI � K2CO3 DMSO 30

15 CuI L1 K2CO3 DMSO 20d

16 Cu L1 K2CO3 DMSO 37

17 CuBr L1 K2CO3 DMSO 66

18 CuCl L1 K2CO3 DMSO 61

19 Cu2O L1 K2CO3 DMSO 67

20 CuI L1 Cs2CO3 DMSO 18

21 CuI L1 K3PO4 DMSO 62

22 CuI L1 DBU DMSO 17

23 CuI L1 K2CO3 DMF 22

24 CuI L1 K2CO3 DMAc 18

25 CuI L1 K2CO3 NMP 0

26 CuI L1 K2CO3 Dioxane 0

27 CuI L1 K2CO3 DME trace

aReaction conditions: N-(2-bromobenzyl)-2-iodoaniline (1 mmol),
malononitrile (1.2 mmol), catalyst (0.1 mmol), ligand (0.2 mmol),
base (3 mmol), solvent (2 mL), 90 �C, 16 h, under argon in sealed tube.
b Isolated yield. c 70 �C. dCuI (0.02 mmol), L1 (0.04 mmol).
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Among the base selected, K2CO3 was the best (com-
pare entry 1 with entries 20�22, Table 1). For solvent
selection, DMSO was found to be much better than
DMF and DMAc (entries 23 and 24, Table 1). NMP,

1,4-dioxane, or DME was not suitable (entries 25�27,
Table 1).
The reaction scope was then examined under the opti-

mized conditions, and the results are summarized inTable 2.

Table 2. Copper-Catalyzed Domino Synthesis of 5,12-Dihydroindolo[2,1-b]quinazoline Derivativesa

aReaction conditions: 1 (1 mmol), malononitrile (1.2 mmol), CuI (0.1 mmol), trans-4-OH-L-Proline (0.2 mmol), K2CO3 (3 mmol), DMSO (2 mL),
90 �C, 16 h, under argon, sealed tube. b Isolated yield. c2-(Methylsulfonyl)acetonitrile. d2-(Phenylsulfonyl)acetonitrile. eDiethyl cyanomethylphosphonate.
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For ortho-iodo aniline substrates, electron-donating para-
methoxy and methyl groups afforded good isolated yields
of the desired products (entries 2 and 3, Table 2); however,
meta-methyl substitution provided a diminished yield
(entry 4, Table 2). The substitution of fluoro, chloro, or
trifluoromethyl only resulted inmoderate yields (entries 5�9,
Table 2). In comparison, an electron-withdrawing ester
group and cyano substituent led to good production of the
desired compounds (entries 10�12, Table 2). For a strong
electron-withdrawing counterpart, even ortho-bromo aniline
is active enough for the cascade reaction. While nitro sub-
stitution resulted in a good yield of product, the pyridine
system only gave an acceptable yield of the desired com-
pound (entries 13 and 14, Table 2). For the substituents at
the ortho-bromide benzyl moiety, it is noteworthy that
both electron-withdrawing and -donating groups led to good
yields of the desired products (entries 15�18, Table 2).
However, a pyridine species gave a lower yield (entry 19,
Table 2). Furthermore, other types of acetonitrile substituted
with electron-withdrawing groups of �CO2Me, �SO2Me,
�SO2Ph, and �PO(OEt)2 were also investigated in such a
copper-catalyzed domino process (entries 20�22, Table 2).
While �SO2Me provided a good yield of the product,
�SO2Ph and �PO(OEt)2 substitutions led to less satisfied
results. Unfortunately, �CO2Me failed to afford the target
product under the same conditions (not shown in Table 2).
For mechanistic studies, control experiments were car-

ried out under standard conditions as shown in Scheme 1.

Direct condensation of amine (1a) to 2a did not seem to
happen under various conditions. Reaction of N-benzyl-2-
iodoaniline (4) with 2a produced 2-amino-1-benzyl-1H-in-
dole-3-carbonitrile (5) in 79% yield. Meanwhile, reaction of
N-(2-bromobenzyl)aniline (6) with 2a presumably generated
product 7 in 15% yield. The combination of N-benzyl-2-
iodoaniline (4) with N-(2-bromobenzyl)aniline (6) and 2a

(4:6:2a=1:1:1.2) gave product 5 as the only isolated product
in 62%yield.These results suggest that insertionofCu into the
C�I bond plays a major role in the reaction. Reaction of
N-(2-bromobenzyl)-2-iodoaniline (1a) and 2aat room tempera-
ture for16hallowedus to isolate thecorresponding intermediate
8 in34%yieldandrecover60%of1avia flashchromatography,
which clearly suggests that the reaction initially takes place
through Cu insertion into the C�I bond. Intermediate 8 was
heated to 90 �C for 16 h under standard conditions, targeting
product3a,whichwasobtained in83%yieldafterpurification.
Based on the above discussions, a reaction mechanism
is proposed as shown in Scheme 2. Copper-catalyzed
Ullmann-type intermolecular C�C coupling produces 9,
and then base-promoted intramolecular nucleophilic attack
generates 10which tautomerizes to give 11. Copper-catalyzed
intramolecular C�N coupling provides the target products 3.
In summary, we have developed a facile and efficient

one-pot domino synthesis of 5,12-dihydroindolo[2,1-
b]quinazoline derivatives via copper-catalyzed Ullmann-
type intermolecular C�C and intramolecular C�N cou-
plings undermild conditions. The protocol displays a wide
functional group compatibility and provides economical
and practical advantages over the previous methods.
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