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The reaction of salicylic aldehydes with malononitrile was reinvestigated, and the reaction pathway was
followed by1H NMR spectroscopy. A delicate control of the experimental conditions allowed the synthesis
of 2-imino-2H-chromene-3-carbonitriles1, (2-amino-3-cyano-4H-chromen-4-yl)malononitriles2, 4-amino-
5-imino-2,7-dimethoxy-5H-chromeno[3,4-c]pyridine-1-carbonitrile12, and (4,5-diamino-1-cyano-1,10b-
dihydro-2H-chromeno[3,4-c]pyridin-2-ylidene)malononitrile13. Two novel 2-iminochromene dimers, with
structures8 and9, were isolated and fully characterized. The activity of compound8a on Aspergillus
spp. growth and on ochratoxin A production was evaluated. The results of the bioassays indicate that
compound8a, applied at concentrations of 2 mM, totally inhibited the growth of the fungi tested.
Ochratoxin A production byAspergillus alliaceuswas reduced by about 93% with a 200µM solution of
this compound. A moderate inhibitory effect was observed for the analogous structure8b, and no inhibition
was registered for compounds2 and1, used as synthetic precursors of the dimeric species8.

Introduction

Chromene derivatives are an important class of compounds,
widely present in plants, including edible vegetables and fruits.1

Numerous bioactive natural products have been identified, and
the presence of the chromene-based structure has been associated
with the capacity to prevent disease.2 Synthetic analogues were
developed over the years, some of them displaying remarkable
effects as pharmaceuticals,3 including antifungal4 and antimi-
crobial activity.5

The classic method for the synthesis of 2-iminochromenes
is the Knoevenagel condensation of salicylic aldehydes with
active methylene compounds, followed by intramolecular cy-
clization. A detailed analysis of the reports on the reaction of
salicylaldehyde and malononitrile6 indicates that a delicate

control of solvent, temperature, and ratio of reagents are
determinant for the incorporation of 1, 2, or 3 molar equiv of
malononitrile in the aldehyde unit.6b Compounds1-4 (Figure
1) were identified as the products of this reaction, formed in
the presence of base, at room temperature, either using
ethanol6a-d or water6e as solvent.
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A recent publication reports the preparation of 2-imi-
nochromene1 when a 1:1 mixture of the reagents was refluxed
in ethanol in the presence of triethylamine.7 The 1H NMR
spectrum of the product, available in the Supporting Information,
indicates that the structure was incorrectly assigned, and it does
not correspond to compounds2, 3, or 4. In the present work,
we carried out a detailed study on the reaction of salicylic
aldehydes and malononitrile in an attempt to clarify the reaction
pathway, the structure of the isolated products, and the corre-
sponding reaction conditions. The synthetic approaches allowed
the preparation of two novel 2-iminochromene dimers. To the
best of our knowledge, the formation of these types of chromene
dimers has never been reported. Previous work refers a particular
type of coumarin dimer that is obtained from photoreaction of
coumarin and some derivatives by a [π2s+ π2s] cycloaddition
reaction.8 These compounds have attracted considerable interest
mainly due to their biological and photobiological importance,
and extensive research has been carried out on their regiose-
lective and stereoselective synthesis.9 More recently, the pho-
tolysis of coumarin-3-carboxylic acid was reported to generate

the decarboxylated 4,4′-dimer of chroman-2-one.10 The activity
of one of the dimeric species prepared in the present work and
that of the compounds used as synthetic precursors was tested
on fourAspergillusspp. growth and on their ability to produce
the mycotoxin ochratoxin A.

Results and Discussion

Salicylaldehyde5a and substituted salicylaldehydes5b-g
were reacted with 2 molar equiv of malononitrile6 under
different reaction conditions (Scheme 1, Table 1). The formation
of a (2-amino-3-cyano-4H-chromen-yl)malononitrile2 occurred
in dichloromethane or in methanol with triethylamine, at room
temperature or at 10°C. Compounds2a-d,g were isolated in
moderate/good yields by this method. The yield and reaction
time were considerably improved when the reagents were
combined in a 0.05 M aqueous solution of sodium hydrogen
carbonate or sodium carbonate, at room temperature, following
the procedure described by Pizzo et al. to prepare chromenyl
malononitriles2a and 2c.6e Under these reaction conditions,
compounds2 were isolated as white solids after 5-40 min.

When the reaction time was extended to 4.5 h-1 day, the
2-iminochromenes1a-g were the only products isolated in
excellent yield. The 2-oxochromenes7a-d were also prepared
from the reaction of the corresponding aldehydes with malono-
nitrile in the presence of aqueous base, followed by addition of
concentrated hydrochloric acid and heating at 80-90 °C. This
method was previously used by Pizzo et al. to prepare
2-oxochromenes7a (90%) and7c (85%).6e

When salicylaldehyde and malononitrile were stirred at room
temperature for 2 days, in a 0.05 M aqueous solution of sodium
hydrogen carbonate, a different yellow solid was isolated and
identified as having the dimeric structure8 (Scheme 1, Table
1). Aldehydes5b, 5c, 5d, and5f failed to generate an analogous
dimeric product after prolonged stirring in aqueous base, in the
presence of malononitrile. The corresponding 2-iminochromene
1 was always the only product isolated. When salicylaldehyde
5a was combined with 2 molar equiv of malononitrile in
methanol and triethylamine, compound8a was also isolated
(84.5%), after 1 day at room temperature.

The reaction of 3-methoxysalicyladehyde5b and malononi-
trile in methanol and catalysis of triethylamine led to a 2:1
mixture of 1b and8b after 1 day at room temperature. When
this mixture was solubilized in a small volume of DMSO and
stirred at room temperature, the pure product8b started to
precipitate after 2 h atroom temperature and was filtered after
21 days (75.7%). Under the same reaction conditions, aldehydes
5cand5d led to solid mixtures containing the (2-amino-3-cyano-
4H-chromen-yl)malononitrile2 and the dimer8, always as the
minor component. Aldehydes5e, 5f, and5gevolved to complex
mixtures, with extensive degradation.

The structure assignment for compound8 was based mainly
on the 1H and 13C NMR data, supported by correlation
techniques (HMQC and HMBC). The proton on C4 (δ 5.85
ppm) showed an intense correlation with C5, C8a, C2, and C2′.
The proton on C4′ (δ 8.33 ppm) correlated with C5′, C8a′, and
C2′. This evidence and the fact that the 2-iminochromene1a
slowly evolves to8a in DMSO-d6 solution strongly supported
the structure assignment. The two cyano groups (δ 120.42 ppm
andδ 114.99 ppm in the13C NMR spectrum) are both visible
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FIGURE 1. Products identified in the reaction of salicylaldehyde and
malononitrile.
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in the IR spectrum as a medium (ν ) 2225 cm-1) and an intense
(ν ) 2196 cm-1) band, indicating that one of the triple bonds
may be conjugated with an electron-donating amino group.

Among the various attempts to improve the yield of dimer
8b, the 2-iminochromene2b was solubilized in methanol and
water, in the presence of triethylamine, and the mixture was
stirred at room temperature for 20 h. A different product was
isolated under these experimental conditions. Elemental analysis
indicated that the molecule combined two units of 2-imi-
nochromene, where two carbon atoms and one nitrogen were
incorporated. This product was isolated as an off-white solid
in 41% yield.

Structure9, proposed for this compound (Scheme 2), was
confirmed by IR and NMR spectroscopy. In the1H NMR
spectrum, apart from the aromatic protons and those assigned
to the amino groups (δ 7.39 andδ 7.17 ppm), only one C-H
is present (δ 4.05 ppm). In the HMQC spectrum, all of the
carbons located two and three bonds away from this proton
could be identified, with the exception of C4′. The signal for
this carbon is not sufficiently intense to be seen in the13C NMR
spectrum, but it is possible to identify its correlation with C5′-
H, at δ 115.9 ppm. The three cyano groups (δ 119.64, 117.75,
and 117.53 ppm) are visible in the IR spectrum as two bands at
ν 2200 cm-1 (medium) andν 2184 cm-1 (intense).

The isolation of compound9 from the 2-iminochromene1b
suggests that, in the presence of water and base, partial
hydrolysis of the starting material occurs to regenerate the
aldehyde5b and malononitrile (Scheme 2). Addition of mal-
ononitrile to 1b can lead to2b, which evolves to the stable
anion10 in basic medium. Addition of10 to another molecule
of 2-iminochromene1b generates an adduct11, the precursor
of 9 after elimination of HCN. The proton can be removed either
from C4 or C4′, leading to the same final product. Considering
this mechanistic proposal, the experimental conditions were
rationalized by combining chromenes1b and2b in a 1:1 molar
ratio, in the presence of aqueous base (1 M NaOH). After 16 h
at room temperature, compound9 was isolated as an off-white
solid, in 74% yield (Table 1).

TABLE 1. Reagents and Reaction Conditions for the Synthesis of
Compounds 1, 2, and 7 and for Dimers 8 and 9

compd reaction conditions
yield
(%)

1aa 5a + 6 (1:1 ratio), NaHCO3 (0.05 M), rt, 7 h 86
5a + 6 (1:1 ratio), Na2CO3 (0.05 M), rt, 17 h 90

1ba 5b + 6 (1:1 ratio), NaHCO3 (0.05 M), rt, 6 h 90
5b + 6 (1:1 ratio), Na2CO3 (0.05 M), rt, 3.5 h 91

1cb 5c + 6 (1:1 ratio), NaHCO3 (0.05 M), rt, 4,5 h 89
5c + 6 (1:1 ratio), Na2CO3 (0.05 M), rt, 1,5 h 70

1d 5d + 6 (1:1 ratio), Na2CO3 (0.05 M), rt, 1 day 86
1e 5e+ 6 (1:1 ratio), Na2CO3 (0.05 M), 0°C, 2 h 62
1f 5f + 6 (1:1 ratio), NaHCO3 (0.05 M), rt, 20 h 88
1g 5g+ 6 (1:1 ratio), NaHCO3 (0.05 M), rt, 22 h 100
2ac 5a + 6 (1:2 ratio), dichloromethane, 9°C,

1 month
84

5a + 6 (1:2 ratio), dichloromethane, NEt3, rt,
11 h

74

5a + 6 (1:2 ratio), NaHCO3 (0.05 M), rt, 40 min 91
2bc 5b + 6 (1:2 ratio), MeOH, NEt3, 0 °C, 1.5 h; 9°C,

15.5 h
94

5b + 6 (1:2 ratio), dichloromethane, NEt3, rt, 5 h 82
5b + 6 (1:2 ratio), NaHCO3 (0.05 M), rt, 8 min 100

2c 5c+ 6 (1:2 ratio), dichloromethane, 8°C, 14 days 90
5c + 6 (1:2 ratio), NaHCO3 (0.05 M), rt, 6 min 85

2d 5d + 6 (1:2 ratio), dichloromethane, 8°C, 17 days 63
5d + 6 (1:2 ratio), dichloromethane, NEt3, rt, 2 h 92
5d + 6 (1:2 ratio), NaHCO3 (0.05 M), rt, 30 min 73

2g 5g+ 6 (1:2 ratio), dichloromethane, NEt3, rt, 4.5 h 73
7ab 1. 5a + 6 (1:2 ratio), Na2CO3 (0.05 M), rt, 16 h 87

2. HCl concd 3.7 equiv, 80°C, 2 h
7b 1. 5b + 6 (1:1 ratio), Na2CO3 (0.05 M), rt, 21 h 100

2. HCl concd 3.7 equiv, 90°C, 4 h
7cb 1. 5c + 6 (1:1 ratio), Na2CO3 (0.05 M), rt, 2 h 84

2. HCl concd 3.7 equiv, 80°C, 2.5 h
7d 1. 5d + 6 (1:2 ratio), Na2CO3 (0.05 M), rt, 12 h 90

2. HCl concd 3.7 equiv, 80°C, 5.5 h
8a 5a+ 6 (1:2 ratio), MeOH, NEt3, rt, 24 h 85

5a + 6 (1:2 ratio), NaHCO3 0.05 M, rt, 2 days 76
8b 1. 5b + 6 (1:1 ratio), MeOH, NEt3, rt, 6 h 76

2. DMSO, rt, 21 days
9 1b, MeOH, H2O, NEt3, rt, 20 h 40

2b + 1b (1:1 ratio), NaOH 1 M, rt, 16 h 74

a Reported in ref 6a.b Reported in ref 6e.c Reported in ref 6b.

SCHEME 1

Costa et al.
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When similar experimental conditions were applied to a
mixture of chromenes1a, 1c, or 1d with 2a, 2c, and 2d,
respectively, complex mixtures were formed, except from the
combination of 1a and 2a, which evolved to the dimeric
structure8a, after 1 day at room temperature, using 0.05 M
aqueous solution of NaHCO3 and triethylamine.

When 2b was reacted with the corresponding aldehyde5b
in methanol and triethylamine at 10°C, the yellow solid that
precipitated from the reaction mixture and was filtered after 36
h proved to be a mixture of aldehyde5b, dimer 8b, and
2-iminochromene1b in a 4:1:20 ratio. This result indicates that
methanol is not involved in the reaction pathway that leads to
structure9.

Further studies on the reaction of (2-aminochromene-4-yl)-
malononitrile2b with nucleophiles (methanol and triethylamine
or malononitrile in THF) resulted in the formation of products
12 and13, respectively (Scheme 3, Table 2). Compound13a
was actually prepared and reported in a recent publication,7

according to the1H NMR spectrum disclosed in the Supporting

Information but was erroneously identified and used as the
2-iminochromene1a.

The structure of compound13 was confirmed by1H and13C
NMR, where the protons on C1 (ca. δ 4.8 ppm) and C10b (ca.
δ 4.9 ppm) are doublets (J ) 4.1 Hz) and the chemical shifts
for the adjacent carbon atoms (δ 30.3 and 34.8 ppm, respec-
tively) confirm their sp3 nature. The three cyano groups are
visible in the13C NMR (δ 112.9, 113.4, and 116.3 ppm), and
the two amino groups are clearly present in the1H NMR as
two singlets in theδ 6.0-7.0 ppm region. In the HMBC
spectrum, the protons on C1 and C10 allowed the identification
of all the carbon atoms, which are two and three bonds away
from these protons.

Both reactions are initiated by nucleophilic attack on one of
the cyano groups of the malonyl substituent on C4 of the
chromene ring (Scheme 4). Intramolecular cyclization by
nucleophilic attack of the newly generated imino nitrogen to
the cyano substituent on C3 leads to an intermediate14 that
either tautomerizes to the isolated product13 (Nuc ) malono-
nitrile) or is oxidized to generate product12 (Nuc) methanol).
In the NMR tube (DMSO-d6 solution), compound12b evolves
to structure15b, regenerating the cyano and the phenolic
hydroxyl groups.

The synthesis of compounds analogous to15 was reported
in the literature, when nonphenolic aldehydes were reacted with
malononitrile.11 The proposed mechanism involved Michael
addition of the dicyanomethyl anion to the initially formed
arylidenemalononitrile. Nucleophilic attack of methanol to one
of the cyano carbon atoms generates the imidate function,

SCHEME 2

SCHEME 3 TABLE 2. Reagents and Reaction Conditions for the Synthesis of
Compounds 12 and 13

compd reaction conditions yield (%)

12b 2b, MeOH, NEt3 (1 drop), 9°C, 5 days 26
2b, MeOH, NEt3 (1 drop), reflux, 3.5 h 34

13b 1b+ 2b (1 equiv), THF, reflux, 3.5 days 56
13c 1c+ 2c (1 equiv), THF, reflux, 2 days 86

Synthesis of New Dimeric Chromene DeriVatiVes
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responsible for the intramolecular cyclization that leads to the
pyridine ring. To our knowledge, malononitrile was never
incorporated in the pyridine ring by this method. Substituted
pyridines analogous to compound13 were prepared from
2-amino-6-halo-3,5-dicyanopyridines, upon substitution of the
halogen atom by malononitrile.12

Mechanistic Study of the Reaction of 3-Methoxysalicyla-
ldehyde 5b and Malononitrile 6 by 1H NMR Spectroscopy.
Considering that the reaction of malononitrile with 3-methox-
ysalicylaldehyde5b was a rather slow process, the evolution
was studied by1H NMR spectroscopy, using DMSO-d6 as
solvent. In this experiment, malononitrile (8.6 mmol) was
combined with 3-methoxysalicylaldehyde (15.1 mmol) in
DMSO-d6 (650 µL), and the evolution was followed over a(11) (a) Freeman, F.Chem. ReV. 1969, 69, 591-624. (b) Alvarez-Insua,

A.; Lora-Tamayo, M.; Soto, J.J. Heterocycl. Chem.1970, 7, 1305-1309.
(c) Quintela, J.; Peinador, C.; Botana, L.; Este´vez, M.; Riguera, R.Bioorg.
Med. Chem.1997, 5, 1543-1553.

(12) Little, E.; Middleton, W.; Coffman, D.; Engelhardt, V.; Sansen, G.
Synthesis1984, 159-160.

FIGURE 2. 1H NMR study of the evolution, with time, of a solution of 3-methoxysalicylaldehyde (15.1 mmol) and malononitrile (8.6 mmol) in
DMSO-d6 (650 µL) at 20 °C.

SCHEME 4

Costa et al.
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period of 20 days at 20°C (Figure 2). A selection of1H NMR
spectra in the interval fromδ 4.3-10.3 ppm is presented in the
Supporting Information.

The first spectrum, run after 2 min, showed the presence of
two new compounds, apart from the aldehyde5b (35.7%) and
malononitrile6 (34.3%). One of the compounds was identified
as16 (2%) from a sharp singlet atδ 8.44 ppm assigned to the
C-H proton and a singlet atδ 3.84 ppm, integrating for three
protons and assigned to the methoxyl substituent of the aromatic
ring. Structure18 was assigned to the other compound (28%)
mainly considering the presence of three C-H protons atδ 4.93
ppm (d;J ) 3.6 Hz),δ 5.33 ppm (dd;J1 ) 3.9 Hz,J2 ) 5.1
Hz), andδ 6.78 ppm (d;J ) 5.1 Hz) and one acidic N-H at δ
9.24 ppm.

Compound2b (2.3%) was identified in the reaction mixture
after 5 min, and after 45 min, traces of chromene1b were also
detected by comparison with the1H NMR spectrum of authentic
samples, isolated and fully characterized.

After this time (45 min), only a trace amount of16 existed
in a mixture containing5b (49.5%), malononitrile6 (4.7%),18
(4.3%), and1b (41.6%).

After 1 h, malononitrile was totally consumed, and the only
components of the reaction mixture were the aldehyde5b
(50.1%),2b (47.2%), and the chromene1b (2.7%).

After approximately 2 h, as the amount of imine1b increased
(8.0%), the presence of malononitrile was detected again (0.8%)
together with traces of the dimeric species8b.

The amount of imine1b and dimer8b gradually increased
while the aldehyde5b and2b/1b were consumed. The amount
of malononitrile also increased slightly, leading to a maximum
of 2.3% after 23 h.

A slow evolution resulted in the exclusive formation of1b
(ca. 62%) and8b (ca. 22%) after 6 days. 4-Methoxysalicylal-
dehyde (ca. 16%) was also present in solution, considering that
an excess of this reagent was used.

The reaction mixture was monitored by1H NMR for the next
20 days, with no significant change in the ratio of these
compounds.

In a separate experiment, 2-iminochromene1b (20 mg) was
solubilized in DMSO-d6 (650 µL) and the1H NMR spectrum
was acquired immediately after the solubilization, showing that
1b was the only product present in solution. After 16 h at 19
°C, this compound evolved to generate 33% of dimer8b.

Conversely, when the dimer8b (20 mg) was solubilized in
DMSO-d6 (650 µL), the 1H NMR spectrum showed that 12%
of the chromene1b had been formed after 5 min at 19°C. After
15 h, 87% of 2-iminochromene1b was present and only 13%
of dimer 8b remained in solution.

When the same experiment was carried out from the 2-imi-
nochromene1a (20 mg in 650µL of DMSO-d6), the1H NMR
spectrum indicated that, upon solubilization, 15% of the
corresponding dimer8a had already been formed. After 3 h,
the monomer1a and dimer8a were present in a 6:4 ratio. This
ratio was not altered after 1 month in the NMR tube.

The 1H NMR spectrum of dimer8a in DMSO-d6 solution
indicated that only 7% of the monomer was present after 3 h at
19 °C.

These observations allowed us to propose a mechanistic
pathway for the reaction of salicylaldehyde and malononitrile
(Scheme 5). They also indicate that, in DMSO-d6 solution, both
the dimer and the monomer species are present as an equilibrium
mixture and the stability of compound1b is higher than that of
8b.

Attempts to prepare similar dimeric structures from substituted
aldehydes5c-g using methanol and triethylamine catalysis
failed, as 2-iminochromene1 was the only product that
precipitated from solution and was isolated.

Biological Assay

The antifungal activity of compounds2a,b, 1a,b, and8a,b
on Asperillusspp. growth and on ochratoxin A production was

SCHEME 5. Mechanism for the Reaction of 3-Methoxysalicylaldehyde and Malononitrile in DMSO-d6 Solution, According to
the 1H NMR Study
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evaluated. FourAspergillusspecies were selected, one strain
of each, from the Micoteca da Universidade do Minho (MUM)
culture collection,A. alliaceus, A. carbonarius, andA. ochraceus
OTA-producingstrains,andanA.nigerstrainnotochratoxigenic.13a

Fungal growth was monitored by the poisoned food technique,
using YES medium (2% yeast extract from Difco, 15% sucrose,
and 2% agar). Ochratoxion A (OTA) production was evaluated
after extraction with methanol and HPLC analyses.13b

The results of the bioassays, summarized in Table 3, indicate
that compound8a, applied at concentrations of 2 mM, totally
inhibited the growth of all tested strains. Ochratoxin A produc-
tion by A. alliaceuswas reduced by around 93% with a 200
µM solution of this compound. The analogous structure8b
showed a residual inhibitory effect, while no inhibition was
registered for the corresponding compounds2 and1, used as
synthetic precursors of the dimeric species8 (data not shown).

The poor activity registered for compound8b may be
associated with its instability in dilute solution, as was confirmed
by the 1H NMR studies. The rapid evolution to the monomer
1b led to an equilibrium mixture where this compound (with
no antifungal activity) was the major component. The formation
of aggregates has been considered responsible for the antifungal
activity of well-known commercial drugs like miconazole and
econazole.14 The present work reports what can be considered
a similar situation, as the only active species is the molecule
that results from the association of two monomeric units of
2-iminochromene, linked by a covalent bond.

Conclusion

The reaction of salicylaldehydes with malononitrile, previ-
ously reported in the literature, leads to the formation of (2-
amino-3-cyano-4H-chromen-yl)malononitriles2 or 2-imino-2H-
chromene-3-carbonitriles1, depending on the reaction conditions.
A mild and eco-friendly approach, using aqueous base, allowed
the high-yielding synthesis of both compounds2 and1.

It is evident that great care should be taken to control the
reaction conditions, as slight modifications in solvent, base,
temperature, and/or reaction time can led to the formation of
different products. Compound2b was further reacted with
malononitrile or with methanol and triethylamine to generate
the corresponding adducts13 and12.

Two different dimeric structures8 and9 were isolated in high
yield, depending basically on the substituents present in the
salicylaldehyde ring (R) H, 3-OMe).

Compound8apresented significant antifungal activity, when
tested on strains ofA. alliaceus, A. carbonarius, A. niger, and
A. ochraceus. None of the synthetic precursors2a or 1a were
active in the same concentration ranges.

Experimental Section

General Procedure for the Synthesis of Substituted 2-Imino-
2H-chromene-3-carbonitriles 1.

Malononitrile (1 molar equiv) was added to a solution of the
aldehyde (0.4 mmol) in aqueous 0.05 M NaHCO3 or 0.05 M Na2-
CO3 (1.5 mL), and the mixture was stirred at room temperature.
Within 5 min, a yellow solid started to precipitate from the reaction
mixture, which was stirred at room temperature for a further 4.5 to
22 h (when NaHCO3 was added) or 2-24 h (when Na2CO3 was
used). The yellow solid was filtered and washed with water and
diethyl ether leading to the pure product1.

6-Bromo-2-imino-8-methoxy-2H-chromene-3-carbonitrile 1g:
yellow solid; yield 100% (NaHCO3); mp 201-203 °C; 1H NMR
(300 MHz, DMSO-d6) δ 3.88 (s, 3H), 7.33 (d,J ) 2.1 Hz, 1H),
7.43 (d,J ) 2.1 Hz, 1H), 8.25 (d,J ) 1.8 Hz, 1H), 9,07 (d,J )
1.5 Hz, 1H);13C NMR (75 MHz, DMSO-d6) δ 56.5, 105.7, 114.9,
115.3, 119.0, 122.3, 137.7, 142.4, 145.8, 147.0, 150.4; IR (Nujol
mull) 2230, 1653, 1602, 1567. Anal. Calcd for C11H7N2O2Br‚
0.2H2O: C, 46.71; H, 2.62; N, 9.91. Found: C, 46.70; H, 2.55; N,
10.22.

General Procedure for the Synthesis of Substituted (2-Amino-
3-cyano-4H-chromene-4-yl)malononitrile 2.

Method A. Malononitrile (1.7-2 molar equiv) was added to a
solution of the aldehyde (0.4 mmol) in dichloromethane (1.5 mL)
(2a,c,d) or dichloromethane (1.5 mL) and triethylamine (0.3 mL)
(2a,b,d,g) or methanol (1.5 mL) in the presence of triethylamine
(0.3 mL) (2b). The mixture was stirred at 8-9 °C or at room
temperature. The product precipitated from the reaction mixture
and was filtered and washed with diethyl ether after 14 days to 1
month (dichloromethane) or 2-11 h (dichloromethane and triethy-
lamine) or 17 h (methanol and triethylamine). The isolated product
was identified as the chromene2.

Method B. Malononitrile (1.7-2 molar equiv) was added to a
solution of the aldehyde in aqueous NaHCO3 (0.05 M), and the
mixture was stirred at room temperature. The product immediately
precipitated from the reaction mixture and was filtered and washed
with water and diethyl ether after 5-40 min. The product was
identified as the chromene2.

(2-Amino-3-cyano-8-hydroxy-4H-chromene-4-yl)malononi-
trile 2c: white solid; yield 90% (method A, dichloromethane) or
85% (method B); mp 168-169 °C; 1H NMR (300 MHz, DMSO-
d6) δ 4.50 (d,J ) 3.9 Hz, 1H), 5.00 (d,J ) 3.9 Hz, 1H), 6.84 (dd,
J ) 7.8 Hz, 1.2 Hz, 1H), 6.92 (dd,J ) 8.1 Hz, 1.5 Hz, 1H), 7.03
(t, J) 8.1 Hz, 1H), 7.38 (s, 2H), 9.99 (s, 1H);13C NMR (75 MHz,
DMSO-d6) δ 32.3, 37.4, 48.9, 113.0, 113.1, 116.4, 118.1, 119.1,
119.5, 124.8, 138.4, 145.3, 163.5; IR (Nujol mull) 2261, 2192, 2142,
1647, 1618, 1584 cm-1. Anal. Calcd for C13H8N4O2‚0.1H2O: C,
61.46; H, 3.23; N, 22.06. Found: C, 61.62; H, 3.65; N, 22.25.

General Procedure for the Synthesis of Substituted 2-Oxo-
2H-chromene-3-carbonitriles 7.

(13) (a) Serra, R.; Braga, A.; Venaˆncio, A. Res. Microbiol.2005, 156,
515-521. (b) Abrunhosa, L.; Serra, R.; Venaˆncio, A.J. Agric. Food Chem.
2002, 50, 7493-7496.

(14) Seidler, J.; McGovern, S. L.; Doman, T. N.; Shoichet, B. K.J. Med.
Chem.2003, 46, 4477-4486.

TABLE 3. Radial Growth Rates (cm day-1) Inhibition (%) of
Tested Strains in Culture Medium Supplemented with 8a and 8b

radial growth rate inhibitiona (%)

compd µmol L-1
A.

alliaceus
A.

carbonarius
A.

niger
A.

ochraceus

8a 50 50 2 41 8
100 51 11 47 13
200 70 23 50 26

2000 100 100 100 100
8b 50 2 2 5 3

100 3 0 6 3
200 1 4 14 8

a Values are the mean of three replicates of each.
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Malononitrile (1 to 2 molar equiv) was added to a solution of the
aldehyde (0.4 mmol) in aqueous 0.05 M Na2CO3 (1.5 mL), and
the mixture was stirred at room temperature. Within 5 min, a yellow
solid started to precipitate from the reaction mixture, which was
stirred at room temperature. After 2-21 h, concd HCl (3.7 molar
equiv) was added to the yellow suspension. The reaction mixture
was heated at 80-90 °C for 2 to 5.5 h. The suspension was cooled
to room temperature in an ice bath, and the yellow solid was filtered
and washed with water and diethyl ether leading to the pure product
7.

2-Oxo-8-methoxy-2H-chromene-3-carbonitrile 7b:yellow solid;
yield 100%; mp 230-232 °C; 1H NMR (300 MHz, DMSO-d6) δ
3.92 (s, 3H), 7.32 (dd,J ) 7.8 Hz, 1.8 Hz, 1H), 7.36 (t,J ) 7.8
Hz, 1H), 7.49 (dd,J ) 8.0 Hz, 1.8 Hz, 1H), 8.92 (s, 1H);13C NMR
(75 MHz, DMSO-d6) δ 56.3, 102.4, 114.6, 117.5, 118.0, 120.8,
125.5, 143.4, 146.5, 153.7, 156.6; IR (Nujol mull) 2231, 1713, 1607,
1573. Anal. Calcd for C11H7NO3: C, 65.67; H, 3.48; N, 6.97.
Found: C, 65.85; H, 3.76; N, 7.13.

Synthesis of 2-Amino-4[(3-cyano-2H-chromen-2-ylidene)-
amino]-2H-chromene-3-carbonitrile 8a.

Method A. Malononitrile (0.39 g, 5.90 mmol) was added to a
mixture of salicylaldehyde (0.71 g, 5.79 mmol) in methanol (3 mL),
in the presence of 1 drop of triethylamine. The colorless solution
immediately turned yellow and was stirred at room temperature.
After 5 min, a yellow solid precipitated from the solution, which
was stirred at room temperature for 1 day. The solid was filtered,
washed with diethyl ether, and identified as the dimeric species8a
(0.85 g; 2.50 mmol; 86%).

Method B. Salicylaldehyde (0.61 g, 4.97 mmol) was added to a
solution of (2-amino-3-cyano-4H-chromen-4-yl)malononitrile2a
(0.20 g, 0.86 mmol) in ethanol (3 mL). The mixture was stirred at
room temperature for 7 days, while a yellow solid gradually
precipitated from the reaction mixture.

The solid was filtered, washed with ethanol, and identified as
the title compound (0.20 g, 0.59 mmol, 68.6%): mp 165-168
°C;1H NMR (300 MHz, DMSO-d6) δ 5.85 (s, 1H), 7.05-7.20 (m,
4H), 7.25-7.40 (m, 4H), 7.55-7.70 (m, 2H), 8.33(s, 1H);13C NMR
(75 MHz, DMSO-d6) δ 48.5, 54.9, 104.5, 115.0, 115.5, 116.0, 117.5,
120.4, 122.1, 124.78, 124.75, 129.0, 129.1, 129.5, 134.2, 146.0,
146.3, 148.8, 153.0, 161.8; IR (Nujol mull) 2225, 2196, 1668, 1650,
1610, 1600, 1578, 1567. Anal. Calcd for C20H12N4O2: C, 70.59;
H, 3.53; N, 16.47. Found: C, 70.24; H, 3.61; N, 16.57.

Synthesis of 2-Amino-8-methoxy-4[(3-cyano-2H-chromen-2-
ylidene)amino]-2H-chromene-3-carbonitrile 8b.

Malononitrile (0.26 g, 3.96 mmol) was added to a solution of
3-methoxysalicylaldehyde (0.62 g, 4.05 mmol) in methanol (6 mL).
Triethylamine (2 drops) was added to the reaction mixture, and
the orange solution was stirred at room temperature for 6 h. The
yellow solid, which gradually precipitated from the reaction mixture,
was filtered and washed with diethyl ether. The product (0.57 g)
was identified as a mixture where the 2-iminochromene1b and
the dimer8b were the major components, present in a 2:1 ratio.
This solid was solubilized in DMSO (2.5 mL), and the dark red
solution was stirred at room temperature. After 2 h, a yellow solid
started to precipitate from the solution, which was stirred at room
temperature for 21 days.

The thick suspension was filtered, and the pale yellow solid was
washed with diethyl ether and dichloromethane. The product was
identified as the title compound8b (0.50 g, 1.25 mmol, 63%): mp
150-152°C;1H NMR (300 MHz, DMSO-d6) δ 3.83 (s, 3H), 3.93
(s, 3H), 5.85 (s, 1H), 6,92 (dd,J ) 7.4 Hz, 1.8 Hz, 1H), 7.00-
7.10 (m, 2H), 7.15-7.20 (m, 3H), 7.25 (t,J ) 8,2 Hz,1H), 7.38
(dd, J ) 8.2 Hz, 1.5 Hz, 1H), 8.36 (s, 1H);13C NMR (75 MHz,
DMSO-d6) δ 48.6, 55.0, 56.6, 55.8, 104.6, 111.7, 114.9, 117.2,
117.8, 118.0, 120.3, 120.6, 119.6, 124.62, 124.63, 138.3, 142.1,
145.5, 146.5, 146.7, 147.0, 161.5; IR (Nujol mull) 2227, 2189, 1642,
1602, 1585. Anal. Calcd for C22H16N4O4C2H6SO.0.5H2O: C, 59.14;
H, 4.72; N, 11.50. Found: C, 59.36; H, 4.86; N, 11.54.

Synthesis of 4,4′-(Cyanomethylylidene)bis(2-amino-8-meth-
oxy-4H-chromene-3-carbonitrile) 9.

Method A. Triethylamine (0.5 mL) was added to a yellow
suspension of 2-imino-8-methoxy-2H-chromene-3-carbonitrile1b
(0.10 g, 0.51 mmol) in water (6 mL). The mixture turned orange
after the addition of triethylamine and was stirred at room
temperature. After 2.5 h, methanol (1 mL) was added to the
suspension to promote partial solubilization of the starting chromene.
The beige solid was filtered and washed with water and then with
diethyl ether, after 17.5 h, leading to product9 (0.04 g, 0.10 mmol,
40%).

Method B. (2-Amino-3-cyano-8-methoxy-4H-chromene-4-yl)-
malononitrile 2b (0.16 g, 0.44 mmol) was added to an orange
suspension of 2-imino-8-methoxy-2H-chromene-3-carbonitrile1b
(0.08 g, 0.42 mmol) in aqueous NaOH (1 M, 0.8 mL). The reaction
mixture was stirred at room temperature for 16 h, and the yellow
solid was filtered and washed with water and then with diethyl
ether, leading to product9 (0.14 g, 0.31 mmol, 74%): mp> 300
°C; 1H NMR (300 MHz, DMSO-d6) δ 3.73 (s, 3H), 3.76 (s, 3H),
4.04 (s, 1H), 6.95 (dd,J ) 7.5 Hz, 1.5 Hz, 1H), 7.03 (dd,J ) 8.1
Hz, 1.5 Hz, 1H), 7.10-7.40 (m, 6H), 7.38 (s, 2H);13C NMR (75
MHz, DMSO-d6) δ 46.6, 47.8, 48.8, 55.9, 56.0, 112.6, 113.4, 119.2,
121.1, 123.9, 124.8, 117.5, 117.8, 119.3, 119.6, 119.9, 120.7, 138.5,
140.7, 146.9, 146.9, 161.9, 164.4; IR (Nujol mull) 2200, 2184, 1645,
1619, 1601, 1579. Anal. Calcd for C24H17N5O40.9H2O: C, 63.27;
H, 4.28; N, 15.94. Found: C, 63.28; H, 4.01; N, 15.95.

Synthesis of 4-Amino-5-imino-2,7-dimethoxy-5H-cromeno-
[3,4-c]pyridine-1-carbonitrile 12.
Method A. Triethylamine (1 drop) was added to a white suspension
of (2-amino-3-cyano-4H-chromene-4-yl)malononitrile2 (0.10 g,
0.38 mmol) in methanol (7 mL). The mixture turned yellow and
was stirred at 9°C. The pale orange solid precipitated gradually
from the reaction mixture and was filtered and washed with diethyl
ether, after 5 days. The product was identified as 4-amino-5-imino-
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2,7-dimethoxy-5H-cromeno[3,4-c]pyridine-1-carbonitrile12 (0.029
g, 0.098 mmol, 26%).

The evolution of compound12 in the NMR tube was followed
for 12 days, and the final product was identified as 2-amino-4-(2-
hydroxy-3-mehoxyphenyl)-6-methoxypyridine-3,5-dicarbonitrile
(15): 1H NMR (300 MHz, DMSO-d6) δ 3.85 (s, 3H), 3.95 (s, 3H),
6.76 (dd,J ) 7.8 Hz, 1.5 Hz, 1H), 6.89 (t,J ) 8.1 Hz, 1H), 7.08
(dd, J ) 8.1 Hz, 1.2 Hz, 1H), 7.86 (brs, 2H), 9.24 (brs, 1H);13C
NMR (75 MHz, DMSO-d6) δ 54.7, 55.8, 113.0, 115.0, 115.3, 119.2,
120.7, 121.7, 143.4, 147.7, 159.0, 161.0, 165.6. The signals for
the two carbons attached to the cyano groups are not visible in the
13C NMR spectrum.

Method B. Triethylamine (1drop) was added to a white
suspension of (2-amino-3-cyano-4H-chromene-4-yl)malononitrile
(2) (0.10 g, 0.38 mmol) in methanol (7 mL). The mixture turned
yellow and was refluxed. The starting material solubilized after
2-3 min, and after 10 min, a yellow-greenish solid started to
precipitate from the reaction mixture. After 3.5 h, the suspen-
sion was cooled to room temperature. The yellow-greenish solid
was filtered and washed with diethyl ether and identified as
4-amino-5-imino-2,7-dimethoxy-5H-cromeno[3,4-c]pyridine-1-car-
bonitrile 12 (0.038 g, 0.13 mmol, 34%): mp>300 °C; 1H NMR
(300 MHz, DMSO-d6) δ 3.85 (s, 3H), 3.94 (s, 3H), 7.16 (t,J )
8.1 Hz, 1H), 7.25 (dd,J ) 8.1 Hz, 1.2 Hz, 1H), 8.34 (dd,J ) 8.2
Hz, 1.2 Hz, 1H), 8.40 (d,J ) 4.2 Hz, 1H), 8.74 (s, 1H), 10.42 (d,
J ) 4.2 Hz, 1H); 13C NMR (75 MHz, DMSO-d6) δ 54.9, 55.9,
74.8, 94.4, 115.3, 115.9, 116.1, 117.6, 123.1, 141.5, 144.3, 146.9,
154.4, 159.9, 166.7; IR (Nujol mull) 2217, 1640, 1603, 1566, 1542.
HRMSm/z (FAB) calcd for C15H12N4O3 (M + H)+ 297.0988, found
297.0988.

General Procedure for the Synthesis of Substituted (4,5-
Diamino-1-cyano-1,10b-dihydro-2H-chromeno[3,4-c]pyridin-2-
ylidene)malononitrile 13.
Malononitrile (1 molar equiv) was added to a solution of (2-amino-
3-cyano-4H-chromene-4-yl)malononitrile2 in THF. This mixture
was refluxed for 3.5 days (2b) or 2 days (2c), and the solid started
to precipitate after 24 h. The suspension was cooled to room

temperature (13b) and the orange (13b) or pink (13c) solid was
filtered (at rt or from the hot reaction mixture) and washed with
THF, leading to product13.

(4,5-Diamino-1-cyano-7-methoxy-1,10b-dihydro-2H-chromeno-
[3,4-c]pyridin-2-ylidene)malononitrile 13b: orange solid; yield
56%; mp>300 °C; 1H NMR (300 MHz, DMSO-d6) δ 3.84 (s,
3H), 4.83 (d,J ) 4.1 Hz, 1H), 4.91 (d,J ) 4.1 Hz,1H), 6.66 (brs,
2H), 7.00 (dd,J ) 7.5 Hz, 1.5 Hz, 1H), 7.05 (brs, 2H), 7.12 (dd,
J ) 8.4 Hz, 1.5 Hz, 1H), 7.18 (t,J ) 8.1 Hz, 1H);13C NMR (75
MHz, DMSO-d6) δ 30.3, 34.8, 70.5, 118.6, 141.0, 157.0, 160.4
(2C), 83.7, 112.9, 113.4, 116.3, 147.7, 112.7, 124.0, 120.0, 55.8;
IR (Nujol mull) 2253, 2198, 1644, 1599, 1561. Anal. Calcd for
C17H12N6O20.3H2O: C, 60.46; H, 3.73; N, 22.49. Found: C, 60.49;
H, 3.74; N, 22.79.

(4,5-Diamino-1-cyano-7-hydroxy-1,10b-dihydro-2H-chromeno-
[3,4-c]pyridin-2-ylidene)malononitrile 13c: pink solid; yield 86%;
mp > 300 °C; 1H NMR (300 MHz, DMSO-d6) δ 4.81 (d,J ) 4.1
Hz, 1H), 4.88 (d,J ) 4.1 Hz, 1H), 6.02 (brs, 2H), 6.82 (dd,J )
7.05 Hz, 0.9 Hz, 1H), 6.92 (dd,J ) 7.8 Hz, 1.2 Hz, 1H), 7.00 (t,
J ) 7.8 Hz, 1H), 7.03 (sl, 2H), 9.85 (s, 1H);13C NMR (75 MHz,
DMSO-d6) δ 30.4, 34.8, 70.5, 83.9, 113.0, 113.5, 116.4, 116.7,
118.6, 119.0, 123.9, 140.2, 145.7, 156.9, 160.3 (2C); IR (Nujol
mull) 2254, 2198, 1644, 1599, 1561; HRMSm/z (FAB) calcd for
C16H10N6O2 (M + H)+ 319.0943, found 319.0947.
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