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The synthesis of 2-amino-4-cyano-4H-chromene derivatives as new HA 14-1 analogues by a simple and
efficient method is reported. In addition, the reaction of 2-amino-2H-chromene-3-carbonitriles, salicylal-
dehydes and amines results in the formation of new chromeno[2,3-d]pyrimidine derivatives.
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Multicomponent reactions (MCRs), in which multiple reactions
are combined into a single synthetic operation have been used
extensively to form carbon–carbon bonds in synthetic chemistry.1,2

Such reactions offer a wide range of possibilities for the efficient
construction of highly complex molecules in a single step, thus
avoiding complicated purification operations and allowing savings
of both solvents and reagents.3,4 Heterocycles containing the chro-
mene moiety show interesting features that make them attractive
targets for MCRs.

Chromenes constitute a major class of naturally occurring com-
pounds, and interest in their chemistry continues because of their
utility as biologically active agents.5,6 They occur widely in plants,
including edible vegetables and fruits.7 Synthetic chromene ana-
logues have been developed over the years, and some of them have
been employed as pharmaceuticals,8 including antifungal9 and
antimicrobial agents.10 2-Aminochromenes are employed as pig-
ments,11 cosmetics, agrochemicals12 and are major constituents
of many natural products.

Recently, 4H-chromene (1, Fig. 1) (HA 14-1) was discovered,
and was found to display binding activity for the surface pocket
of the Bcl-2 protein (IC50 = 9 lM) and it induces apoptosis of tumor
cells.13 Bcl-2 and a family of related proteins regulate apoptosis or
programmed cell death, and are implicated in a number of human
diseases such as cancer.14,15 Specifically, Bcl-2 can contribute to
neoplastic cell expansion by preventing normal cell turnover
caused by physiological cell death mechanisms. The discovery of
Bcl-2 binding compound 1 provides a promising lead for the
development of new analogues as potential anti-cancer agents.
ll rights reserved.
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Therefore, numerous studies have reported the synthesis of new
analogues of HA 14-1 (see general structure, Fig. 1).16–19

Multicomponent reactions of salicylaldehydes, malononitrile
and various nucleophiles have attracted the interest of researchers
in order to prepare different analogues of HA 14-1. The synthesis
of indolyl chromenes was reported by Shanthi and Perumal using in-
doles as the nucleophiles.20 A recent publication described the prep-
aration of new chromene phosphonic acid diethyl esters by reaction
of salicylaldehydes, malononitrile and triethyl phosphite.21

As part of our program aimed at developing new methods for
the preparation of heterocyclic compounds,22–30 we report an effi-
cient and simple synthesis of new analogues of HA 14-1.

Iminochromenes 3a–n were prepared via Knoevenagel conden-
sation of salicylaldehydes 1a–g and malononitrile (2a) or cyanoacet-
amide (2b) using the known procedure.31,32 In order to prepare new
HA 14-1 analogues, we carried out the reaction of iminochromenes
3a–n with trimethylsilyl cyanide (4) (TMSCN) in the presence of
LiClO4 (15 mol %) as the catalyst which afforded 2-amino-4-cyano-
HA 14-1 (1) New synthetic targets

Figure 1. HA 14-1 and designed analogues.
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Table 1
Two-step synthesis of 2-amino-4-cyano-4H-chromenes 5

Entry Product Time
(h)

Yielda

(%)
Yieldb

(%)

1

O

CN

CN

NH2 5a

3 93 82

2

O

CN

CN

NH2

OMe

5b

3.5 89 80

3

O

CN

CN

NH2MeO 5c

4 87 87

4

O

CN

CN

NH2

MeO

5d

7 85 83

5

O

CN

CN

NH2

Me

5e

6 83 80

6

O

CN

CN

NH2

Br

5f

6 80 79

7

O

CN

CN

NH2

O2N

5g

5 77 73

8

O

CN

CONH2

NH2 5h

3 91 49

9

O

CN

CONH2

NH2

OMe

5i

5 83 50

10

O

CN

CONH2

NH2MeO 5j

5 85 48

11

O

CN

CONH2

NH2

MeO

5k

6 88 51

Table 1 (continued)

Entry Product Time
(h)

Yielda

(%)
Yieldb

(%)

12

O

CN

CONH2

NH2

Me

5l

5 80 47

13

O

CN

CONH2

NH2

Br

5m

4.5 81 44

14

O

CN

CONH2

NH2

O2N

5n

4 78 41

a Two-step method.
b Three-component method.
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4H-chromenes 5a–n in good yields after 3–7 h in EtOH at room tem-
perature (Scheme 1). The results are summarised in Table 1.

To develop a one-pot, three-component synthesis of 2-amino-4-
cyano-4H-chromenes 5a–n, we studied the reaction of salicylalde-
hydes 1a–g, malononitrile (2a) or cyanoacetamide (2b) and TMSCN
(4) under similar conditions (LiClO4, EtOH) (Scheme 2).33 As indi-
cated in Table 1, the desired products were obtained in good yields
with 2a, and moderate yields with 2b after 24 h. It is noteworthy
that without LiClO4 the products were obtained in only trace
amounts, even after 48 h.

The nature of these compounds as 1:1:1 adducts was apparent
from their mass spectra, which displayed, in each case, the molec-
ular ion peak at appropriate m/z values. Compounds 5a–n are sta-
ble solids the structures of which were established by IR, 1H and
13C NMR spectroscopy and elemental analysis.

To further explore the potential of this three-component proto-
col for fused aminochromene synthesis, we replaced salicylalde-
hyde 1 with 2-hydroxynaphthalene-1-carboxaldehyde (6) and
obtained 3-amino-1H-benzo[f]chromenes 7a, and b as the prod-
ucts in good yields (Scheme 3).

To the best of our knowledge, this procedure provides the first
example of an efficient and three-component synthesis of 2-ami-
no-4-cyano-4H-chromenes.

Mechanistically, it is reasonable to assume that product 5 re-
sults from initial Knoevenagel condensation of salicylic aldehydes
1 and cyano compound 2 and subsequent Pinner reaction (8?9).
Next, the resulting intermediate 9 could be attacked by TMSCN 4
to produce the product 5 (Scheme 4).21

During our investigation on the synthesis of new chromene
derivatives, we found that reaction of 2-imino-2H-chromene-3-car-
bonitrile (3a), salicylaldehyde (1a) and amines 10a–e, under similar
conditions, afforded 2-[4-(alkylamino)-5H-chromeno[2,3-b]pyrim-
idin-2-yl]phenols 11a–e in good yields after 15 h (Table 2).34

Although we have not established an exact mechanism for the
formation of chromenopyridines 11, a possible explanation is pro-
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Table 2
Synthesis of 2-(chromenopyrimidin-2-yl)phenols 11

O

CN

NH O N

N

NR2

OH
CHO

OH
R2NH+ +

EtOH, 15 h

LiClO4 (15 mol%)

3a                     1a              10a-e                                                            11a-e

Entry Product Yield (%)

1

O N

N

NMe2

OH

11a

74

2

O N

N OH

N

11b

79

3

O N

N OH

N

O

11c

77

4

O N

N OH

N

H
N

11d

80

5

O N

N OH

N

11e

76
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posed in Scheme 5. The reaction is initiated by nucleophilic attack of
amines 10 on the cyano group of 3a. Next, cyclization with salicylal-
dehyde (1a), followed by tautomerization afforded the products 11.

In conclusion, we have described a facile three-component
method for the synthesis of 2-amino-4-cyano-4H-chromenes by
reaction of salicylaldehydes, malononitrile or cyanoacetamide
and TMSCN at room temperature. Furthermore, a new synthesis
of 2-(chromeno[2,3-b]pyrimidin-2-yl)phenol derivatives by the
one-pot condensation of 2-imino-2H-chromene-3-carbonitrile,
salicylaldehyde and amines has been reported.
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Amino-6-bromo-4-cyano-4H-chromene-3-carboxamide (5m). Cream powder;
mp: 138 �C (dec). IR (KBr) (mmax/cm�1): 3460, 3311, 2221, 1663. MS (EI,
70 eV) m/z: 294 (M++2), 292 (M+). 1H NMR (300 MHz, DMSO-d6): dH (ppm) 5.32
(1H, s, CH), 6.89 (2H, br s, NH2), 7.10–7.61 (3H, m, H-Ar), 8.10 (2H, s, NH2). 13C
NMR (75 MHz, DMSO-d6): dC (ppm) 26.8, 69.4, 116.9, 119.3, 119.8, 120.6,
131.3, 133.4, 148.6, 159.9, 169.9. Anal. Calcd for C11H8BrN3O2: C, 44.92; H,
2.74; N, 14.29. Found: C, 44.83; H, 2.69; N, 14.23. 3-Amino-1H-
benzo[f]chromene-1,2-dicarbonitrile (7a). Grey powder; mp: 219 �C (dec). IR
(KBr) (mmax/cm�1): 3379, 3310, 3196, 2187, 1651. MS (EI, 70 eV) m/z: 247 (M+).
1H NMR (300 MHz, DMSO-d6): dH (ppm) 5.85 (1H, s, CH), 7.29–8.08 (8H, m, H-
Ar and NH2). 13C NMR (75 MHz, DMSO-d6): dC (ppm) 25.4, 48.3, 107.6, 117.2,
119.5, 119.9, 123.2, 126.2, 128.5, 129.1, 129.8, 131.0, 131.7, 146.9, 161.6. Anal.
Calcd for C15H9N3O4: C, 72.87; H, 3.67; N, 16.99. Found: C, 72.75; H, 3.58; N,
16.91.

34. Typical procedure for the preparation of 2-[4-(dimethylamino)-5H-chromeno[2,3-
d]pyrimidin-2-yl]phenol (11a). A mixture of 2-hydroxybenzaldehyde (1 mmol),
2-imino-2H-chromene-3-carbonitrile (1 mmol), dimethylamine (1 mmol) and
LiClO4 (15 mol %) in EtOH (5 ml) was stirred for 15 h (the progress of the
reaction was monitored by TLC). After completion, the mixture was filtered and
the precipitate washed with H2O (2 � 5 ml) and EtOH (5 ml) to afford pure
product 11a. White powder (74%); mp: 177–179 �C. IR (KBr) (mmax/cm�1):
3427, 3048, 1608. MS (EI, 70 eV) m/z: 319 (M++1). 1H NMR (300 MHz, DMSO-
d6): dH (ppm) 3.18 (6H, s, N(CH3)2), 4.15 (2H, s, CH2), 6.88 (2H, br s, H-Ar), 7.12
(2H, br s, H-Ar), 7.27 (3H, br s, H-Ar), 8.22 (1H, br s, H-Ar), 13.36 (1H, s, OH).
Anal. Calcd for C19H17N3O2: C, 71.46; H, 5.37; N, 13.16. Found: C, 71.58; H,
5.28; N, 13.07. (Due to the very low solubility of product 11a, we were unable
to obtain a 13C NMR spectrum for this product). 2-[4-(Piperidin-1-yl)-5H-
chromeno[2,3-d]pyrimidin-2-yl]phenol (11b). White powder (79%); mp: 168–
170 �C. IR (KBr) (mmax/cm�1): 3416, 3064, 2933, 1608. MS (EI, 70 eV) m/z: 359
(M+). 1H NMR (300 MHz, DMSO-d6): dH (ppm) 1.69 (6H, s, 3CH2), 3.48 (4H, s,
2CH2), 3.99 (2H, s, CH2), 6.89–6.95 (2H, m, H-Ar), 7.13–7.20 (2H, m, H-Ar),
7.26–7.39 (3H, m, H-Ar), 8.26 (1H, d, 3JHH = 6.0 Hz, H-Ar), 13.28 (1H, s, OH). 13C
NMR (75 MHz, DMSO-d6): dC (ppm) 24.3, 25.3, 26.0, 49.2, 97.8, 116.8, 117.8,
118.6, 119.3, 120.6, 125.0, 128.6, 129.1, 129.5, 133.3, 150.4, 160.3, 161.0, 163.8,
146.8. Anal. Calcd for C22H21N3O2: C, 73.52; H, 5.89; N, 11.69. Found: C, 73.43;
H, 5.81; N, 11.76.
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