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 Introduction

In recent years, the concept of ‘‘privileged medicinal
uctures or scaffolds’’ has emerged as one of the guiding
inciples of the drug discovery process [1]. This term was
iginally introduced by Merck researchers in their work

 benzodiazepins [2]. These privileged scaffolds com-
only consist of a rigid hetero ring system that assigns a
ell-defined orientation of appended functionalities for
rget recognition.

The chromene moiety often appears as an important
structural element in both biologically active and natural
compounds [3–6]. It is widely performed in natural
flavonoids (flavons, flavonols, catechins, tocopherols,
anthocyanins, anthocyanidins) [7–10] and was also found
in some natural alkaloids [11,12]. Among different types of
chromene systems, 2-amino-4H-chromenes are of partic-
ular utility since they belong to privileged medicinal
scaffolds, and are used for the treatment of viral hepatitis
[13], Alzheimer’s disease [14], cardiovascular disorders,
epilepsy, inflammatory bowel syndrome [15], hyperten-
sion, and atherosclerosis [16].

Increasing interest in 2-amino-4H-chromene derivatives
bearing a nitrile group is connected with their application to
the treatment of human inflammatory diseases such as
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A B S T R A C T

A new multicomponent reaction (MCR) was found: a sodium acetate-catalyzed

transformation of salicylaldehydes, malononitrile and 4-hydroxy-6-methyl-2H-pyran-

2-one in ethanol results in the fast (30 min) and efficient formation of new 4-pyrano-

substituted 2-amino-4H-chromenes in 86–96% yields. The same transformation initiated

by grinding in mortar in the presence of sodium acetate or potassium fluoride results in a

faster (15 min) formation of 4-pyrano-substituted 2-amino-4H-chromenes in 80–90%

yields. This novel ‘one-pot’ process opens an effective and convenient way to pyrano-

functionalized 2-amino-4H-chromene systems, which are promising compounds for

different biomedical applications.
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arcinoma [17], arthritis [18], leukemia [19], and to cancer
erapy [20,21].
The discovery of novel synthetic methodologies to

cilitate the preparation of compound libraries is a pivotal
cal point of research activity in the field of modern
edicinal and combinatorial chemistry. Multicomponent

eaction (MCR) strategy has sufficient advantages over
onventional linear-type synthesis due to its flexible,
onvergent, and atom-efficient nature [22].

In the last two decades, solventless organic reactions
ave attracted great interest. They have many advantages,
uch as high efficiency and selectivity, operational
implicity, low costs, mild reaction conditions, and
educed pollution [23]. The grinding method for the
olid-state reactions has been reported for the Refor-
atsky reaction [24], aldol condensation [25], the Dieck-
ann condensation [26], the Knoevenagel condensation
7,28], and other reactions [29–31].
Recently, we have accomplished solvent-free and ‘on-

ater’ multicomponent transformations of salicylaldehy-
es, malononitrile and cyanoacetates [32], nitroalkanes
3] or pyrazolin-5-ones [34] into the different types of

ubstituted 2-amino-4H-chromenes.

. Results and discussion

In the present study, we wish to report on our results on
e novel efficient multicomponent assembling of salicy-
ldehydes 1a–g, malononitrile, and 4-hydroxy-6-methyl-
H-pyran-2-one into the hitherto unknown 2-amino-4-(4-
ydroxy-6-methyl-2-oxo-2H-pyran-3-yl)-4H-chromene-
-carbonitriles 2a–g (Scheme 1).

The previously unknown 2-amino-4-(4-hydroxy-6-
methyl-2-oxo-2H-pyran-3-yl)-4H-chromene-3-carboni-
triles 2a–g were obtained in 85–96% when we used mild
(room-temperature) ‘in-solvent’ conditions [37] (Method
A, Table 1).

It was found that generally the reaction proceeds within
30 min (entry 2, Table 1). The reaction of salicylaldehyde
1a, malononitrile and 4-hydroxy-6-methyl-2H-pyran-2-
one in the presence of 10% mol of NaOAc as a catalyst in
ethanol during 15 min resulted in the formation of 2-
amino-4-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)-
4H-chromene-3-carbonitrile 2a in only 72% yield (entry 3,
Table 1).

CHO

OH
+

O NH2

O O

OH
O

OHO

CN
CN+

CNR1

R2

R1

R2
a R1 = R2 = H; b R1 = Me, R2 = H;  c R1 = Br,  R2 = H;
d R1 = NO2, R2 = H; e R1 = H, R2 = OMe;  f R1 = R2 = Cl;

1 a-f 2 a-f

Method  A or B

CHO
OH

O NH2

O

OHO

CN

1 g
2 g

Metho d A: NaOA c, Et OH, 30 mi n, r t

Metho d B: Na OAc or KF, grinding, 15 min, rt

cheme 1. Multicomponent transformation of salicylaldehydes 1a–g, malononitrile and 4-hydroxy-6-methyl-2H-pyran-2-one into 2-amino-4-(4-

Table 1

Multicomponent transformation of salicylaldehydes 1a–g, malononitrile

and 4-hydroxy-6-methyl-2H-pyran-2-one in ethanol into 2-amino-4H-

chromenes 2a–ga.

Entry Salicylaldehyde Time,

min

2-amino-4H-

chromene

Yield

(%)b

1 1a 60 2a 96

2 1a 30 2a 96

3 1a 15 2a 72

4 1b 30 2b 87

5 1c 30 2c 86

6 1d 30 2d 94

7 1e 30 2e 88

8 1f 30 2f 92

9 1g 30 2g 99

a Method A: 5 mmol of salicylaldehyde 1, 5 mmol of malononitrile,

5 mmol of 4-hydroxy-6-methyl-2H-pyran-2-one, 0.5 mmol of NaOAc,

10 mL of ethanol, ambient temperature.
b Isolated yield.
ydroxy-6-methyl-2-oxo-2H-pyran-3-yl)-4H-chromene-3-carbonitriles 2a–g.
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The X-ray diffraction data unambiguously supports the
nfiguration of 2-amino-4H-chromene 2d (Fig. 1).
As it follows from the introduction, we were prompted

 design a convenient, facile and ecologically reasonable
ethodology for the efficient synthesis of substituted 2-

ino-4H-chromenes based on the multicomponent
action of salicylaldehydes, malononitrile, and 4-hy-
oxy-6-methyl-2H-pyran-2-one (Scheme 1, Method B).
Thus, to evaluate the synthetic potential of the

ocedure proposed and to find the appropriate solvent-
e conditions, the multicomponent transformation of

licylaldehyde 1a, malononitrile and 4-hydroxy-6-meth-
-2H-pyran-2-one into 2-amino-4-(4-hydroxy-6-methyl-
oxo-2H-pyran-3-yl)-4H-chromene-3-carbonitrile 2a un-
r solvent-free conditions was also carefully studied
able 2).

The solvent-free reaction of salicylaldehyde 1a, malo-
nitrile and 4-hydroxy-6-methyl-2H-pyran-2-one with-
t catalyst in a reaction time of 15 min (entry 1, Table 2)
sulted in the formation of 4-pyrano-substituted

2-amino-4H-chromene 2a in only 26% yield. In the
presence of 10 mol % of NaOAc as a catalyst, 2-amino-
4H-chromene 2a was obtained in 60% yield (entry 2, Table
2). Using 10 mol % of NaOAc and 2 mL of water as additives
led to 2a in good (73%) yield (entry 3, Table 2). And at last
an 85% yield of 2a was obtained with 10 mol % of NaOAc
and 2 mL of ethanol in a reaction time of 15 min. KF was a
more effective catalyst in this multicomponent reaction
compared to NaOAc (entries 7–10, Table 2).

Under the optimum ‘on-solvent’ conditions thus found
(10 mol % of KF as catalyst, 2 mL of ethanol, reaction time
15 min), the substituted 2-amino-4H-chromenes 2a–g
were obtained in excellent 80–90% yields in a reaction
time of only 15 min (Table 3). As practically pure 4-pyrano-
substituted 2-amino-4H-chromenes 2a–g were formed in
the end of the reaction, the reaction mixture was only
washed with water (2 � 2 mL) and dried to isolate pure
4-pyrano substituted 2-amino-4H-chromenes 2. Thus, the
‘on-solvent’ procedure for the synthesis of substituted
2-amino-4-(1H-pyrazol-4-yl)-4H-chromenes 2a–g in one
step found by us is close to the ‘‘ideal synthesis’’ [38,39].

With the above results taken into consideration and the
mechanistic data on the solvent-free cascade formation of
2-amino-4H-chromene scaffold from salicylaldehydes and
malononitrile [40] as well as from salicylaldehydes and
cyanoacetates [41], the following mechanism for the
potassium fluoride-catalyzed multicomponent transfor-
mation of salicylaldehydes 1, malononitrile, and 4-
hydroxy-6-methyl-2H-pyran-2-one into 4-pyrano-substi-
tuted 2-amino-4H-chromenes 2 is proposed. The initiation
step of the catalytic cycle begins with the deprotonation of
malononitrile by the action of potassium fluoride, which
leads to the formation of malononitrile anion A (Scheme 2).

Then the Knoevenagel condensation of the anion A with
salicylaldehyde 1 takes place with the elimination of a
hydroxide anion and the formation of Knoevenagel adduct
3. The subsequent hydroxide-promoted Michael addition
of 4-hydroxy-6-methyl-2H-pyran-2-one to the electron-
deficient Knoevenagel adduct 3 leads to the corresponding
4-pyrano-substituted 2-amino-4H-chromene 2 with the
regeneration of malononitrile anion A as the last step
(Scheme 2).

. 1. (Color online.) General view of 2d in the crystal. Atoms are

resented by thermal displacement ellipsoids (p = 50%).

ble 2

lvent-free and ‘on-solvent’ multicomponent transformation of salicy-

dehyde 1a, malononitrile and 4-hydroxy-6-methyl-2H-pyran-2-onea.

ntry Base, mol % Additive, mL Time, min Yield of

2a (%)

 – – 15 26b

 AcONa, 10 – 15 60b

 AcONa, 10 H2O, 2 15 73b

 AcONa, 10 EtOH, 2 15 85c

 AcONa, 10 EtOH, 2 20 85c

 AcONa, 20 EtOH, 2 15 86c

 KF, 10 – 15 71b

 KF, 10 H2O, 2 15 79b

 KF, 10 EtOH, 2 15 90c

0 KF, 20 EtOH, 2 15 89c

1 KF, 10 MeOH, 2 15 80c

2 KF, 10 PrOH, 2 15 86c

2 mmol of salicylaldehyde 1a, 2 mmol of 4-hydroxy-6-methyl-2H-

ran-2-one, 2 mmol of malononitrile grinding for 15 min.

NMR data.

Table 3

‘‘On-solvent’’ multicomponent transformation of salicylaldehydes 1a–g,

malononitrile and 4-hydroxy-6-methyl-2H-pyran-2-one into 2-amino-

4H-chromenes 2a–ga.

Entry Salicylaldehyde 2-amino-4H-chromene Yield (%)b

1 1a 2a 90

2 1b 2b 82

3 1c 2c 83

4 1d 2d 86

5 1e 2e 80

6 1f 2f 88

7 1g 2g 90

a Method B: 2 mmol of salicylaldehyde 1, 2 mmol of malononitrile,

2 mmol of 4-hydroxy-6-methyl-2H-pyran-2-one, 0.2 mmol of KF, 2 mL of

ethanol, grinding for 15 min.
Isolated yield.
b Isolated yield.
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. Conclusion

Thus, sodium acetate or potassium fluoride as a
atalyst can produce, in ethanol as well as under ‘on-
olvent’ (alcohol emulsion) conditions, a fast and selective
ulticomponent transformation of salicylaldehydes,
alononitriles and 4-hydroxy-6-methyl-2H-pyran-2-

ne into 4-pyrano-substituted 2-amino-4H-chromenes
 excellent yields. The new process opens an efficient and

onvenient one-pot way to create a novel type of
ubstituted 2-amino-4H-chromenes—the promising
ompounds for the treatment of human inflammatory
NFa-mediated diseases and different biomedical applica-
ons. The catalytic procedure utilizes simple equipment; it

is easily carried out and is valuable from the viewpoint of
environmentally benign and diversity-oriented large-scale
processes. The results obtained represent a new ‘on-solvent’
synthetic concept for multicomponent reactions, and allow
for the combination of the synthetic virtues of MCR
processes with considerable ecological benefits.

4. Experimental

4.1. General remarks

All melting points were measured with a Gallenkamp
melting point apparatus and are uncorrected. 1H and

CN
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cheme 2. Mechanism of multicomponent transformation of salicylaldehydes 1a–g, malononitrile and 4-hydroxy-6-methyl-2H-pyran-2-one into 2-

mino-4-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)-4H-chromene-3-carbonitriles 2a–g.
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C-NMR spectra were recorded with a Bruker AM-300 at
bient temperature in DMSO-d6 solutions. Chemical shift

lues are given in d scale relative to Me4Si. IR spectra were
gistered with a Bruker ALPHA-T FT-IR spectrometer in KBr
llets. High-resolution mass spectrometry (HRMS) (elec-
spray ionization, ESI) measurements were made using a

uker micrOTOF II instrument; the external or internal
libration was done with an Electrospray Calibrant
lution (Fluka). All starting materials were obtained from
mmercial sources and used without further purification.

. Typical procedure in ethanol

A solution of salicylaldehyde 1 (5 mmol), malononitrile
 mmol, 0.33 g), 4-hydroxy-6-methyl-2H-pyran-2-one
 mmol, 0.63 g), and sodium acetate (0.5 mmol, 0.04 g)

 ethanol (10 mL) was stirred in a 25-mL beaker at room
mperature for 30 min. The reaction mixture was cooled

 �10 8C for 1 h, solid phase was filtered out and dried to
late pure 2-amino-4H-chromene 2.

. Typical grinding procedure

A mixture of salicylaldehyde 1 (2 mmol), malononitrile
.132 g, 2 mmol), 4-hydroxy-6-methyl-2H-pyran-2-one
.252 g, 2 mmol), catalyst (10 mol %), and ethanol
 mL) was taken in a mortar and mixed thoroughly with
estle, then ground for 15 min. The resulting mixture was

 dried in order to make the product crystallize. The crude
lid was then filtered, rinsed with water (2 � 2 mL) and air
ied to isolate pure 2-amino-4H-chromene 2.

.1. 2-amino-4-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-

-4H-chromene-3-carbonitrile (2a)

Yellowish solid; 1.42 g (96%); mp: 154–155 8C; nmax

Br) = 3439, 3340, 3204, 2187, 1658, 1580, 1448, 1407,
95, 1267 cm�1; HRMS (ESI): 319.0702 [M + Na]+, calcd

r C16H12N2NaO4: 319.0689; dH (300 MHz, DMSO-d6) 2.12
 3H, CH3), 4.97 (s, 1H, CH), 5.93 (s, 1H, CH), 6.61 (s, 2H,

2), 6.86-7.06 (m, 3H, Ar), 7.12–7.20 (m, 1H, Ar), 11.65
r s, 1H, OH); dc (75 MHz, DMSO-d6) 19.4, 29.4, 53.0, 100.6,
3.9, 115.2, 121.0, 122.7, 124.0, 127.5, 128.2, 149.5, 160.8,
1.1, 163.5, 167.0.

.2. 2-amino-4-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-

-6-methyl-4H-chromene-3-carbonitrile (2b)

Yellowish solid; 1.35 g (87%); mp: 179–180 8C; nmax

Br) = 3464, 3355, 3131, 2189, 1656, 1583, 1498, 1404,
89, 1269 cm�1; HRMS (ESI): 333.0853 [M + Na]+, calcd

r C17H14N2NaO4: 333.0864; dH (300 MHz, DMSO-d6) 2.14
 3H, CH3), 2.18 (s, 3H, CH3), 4.93 (s, 1H, CH), 5.99 (s, 1H,
), 6.60 (s, 2H, NH2), 6.75 (d, J = 2.0 Hz, 1H, Ar), 6.80 (d,

 8.2 Hz, 1H, Ar), 6.96 (dd, J1 = 8.2 Hz, J2 = 2.0 Hz, 1H, Ar),
.55 (br s, 1H, OH); dc (75 MHz, DMSO-d6) 19.4, 20.2, 29.5,
.6, 100.0, 104.3, 115.1, 121.0, 121.9, 127.8, 128.2, 133.0,
7.5, 161.3 (2C), 163.2, 165.5.

.3. 2-amino-6-bromo-4-(4-hydroxy-6-methyl-2-oxo-2H-

ran-3-yl)-4H-chromene-3-carbonitrile (2c)
Yellow solid; 1.61 g (86%); mp: 174–175 8C; nmax

Br) = 3472, 3315, 3193, 2197, 1658, 1583, 1478, 1403,

1285, 1257 cm�1; HRMS (ESI): 396.9809 [M + Na]+, calcd
for C16H11BrN2NaO4: 396.9794; dH (300 MHz, DMSO-d6)
2.14 (s, 3H, CH3), 4.98 (s, 1H, CH), 6.01 (s, 1H, CH), 6.75 (s,
2H, NH2), 6.90 (d, J = 8.6 Hz, 1H, Ar), 7.05 (d, J = 2.0 Hz, 1H,
Ar), 7.34 (dd, J1 = 8.6 Hz, J2 = 2.0 Hz, 1H, Ar), 11.80 (br s, 1H,
OH); dc (75 MHz, DMSO-d6) 19.4, 29.4, 52.4, 100.0, 103.8,
115.4, 117.8, 120.5, 125.0, 130.0, 130.5, 148.9, 160.9, 161.8,
163.1, 165.9.

4.3.4. 2-amino-4-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-

yl)-6-nitro-4H-chromene-3-carbonitrile (2d)

Yellow solid; 1.60 g (94%); mp: 181-182 8C; nmax

(KBr) = 3458, 3330, 3193, 2195, 1689, 1579, 1527, 1407,
1340, 1257 cm�1; HRMS (ESI): 364.0538 [M + Na]+, calcd
for C16H11N3NaO6: 364.0540; dH (300 MHz, DMSO-d6) 2.12
(s, 3H, CH3), 5.08 (s, 1H, CH), 6.04 (s, 1H, CH), 6.94 (s, 2H,
NH2), 7.18 (d, J = 8.9 Hz, 1H, Ar), 7.76 (d, J = 2.1 Hz, 1H, Ar),
8.06 (dd, J1 = 8.9 Hz, J2 = 2.1 Hz, 1H, Ar), 12.00 (br s, 1H,
OH); dc (75 MHz, DMSO-d6) 19.5, 29.5, 52.6, 100.0, 103.7,
116.7, 120.1, 123.5, 123.6, 123.9, 143.4, 154.1, 160.4, 162.1,
163.2, 166.2.

Single crystals of 2d were slowly grown from ethanol. A
suitable crystal was selected, placed on a glass needle and
measured on a ‘Bruker APEX-II’ diffractometer. The crystal
was kept at 120 K during data collection. Using Olex2 [35],
the structure was solved with the XS [36] structure
solution program using Direct Methods and refined with
the XL [36] refinement package using Least Squares
minimizing.

Crystal Data for 2d. C20H23N3O8 (M = 433.41) (2d�2EtOH):
monoclinic, space group P21/n (No. 14), a = 10.5986(7) Å,
b = 9.1489(6) Å, c = 21.3199(14) Å, b = 95.8340(10)8, V =
2056.6(2) Å3, Z = 4, T = 120 K, m(Mo Ka) = 0.110 mm�1,
Dcalc = 1.400 g�mm�3, 22,948 reflections measured
(3.84 � 2u � 56.56), 5100 unique (Rint = 0.0750) which were
used in all calculations. The final R1 was 0.0681 (> 2s(I)) and
wR2 was 0.2134 (all data).

The crystallographic data reported for 2d have been
deposited with the Cambridge Crystallographic Data
Centre as supplementary publication No. CCDC
1011885. Copies of the data can be obtained free of charge
via www.ccdc.cam.ac.uk/conts/retrieving.html. reference
number CCDC 1011885.

4.3.5. 2-amino-4-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-

yl)-8-methoxy-4H-chromene-3-carbonitrile (2e)

Yellowish solid; 1.43 g (88%); mp: 195–196 8C; nmax

(KBr) = 3478, 3325, 3200, 2195, 1657, 1580, 1484, 1446,
1402, 1270 cm�1; HRMS (ESI): 349.0792 [M + Na]+, calcd
for C17H14N2NaO5: 349.0795; dH (300 MHz, DMSO-d6) 2.12
(s, 3H, CH3), 3.79 (s, 3H, OCH3), 4.96 (s, 1H, CH), 6.00 (s, 1H,
CH), 6.51 (dd, J1 = 7.2 Hz, J2 = 1.9 Hz, 1H, Ar), 6.68 (s, 2H,
NH2), 6.82–6.98 (m, 2H, Ar), 11.60 (br s, 1H, OH); dc

(75 MHz, DMSO-d6) 19.3, 29.6, 52.5, 55.5, 99.9, 104.2,
110.4, 119.0, 120.9, 122.9, 123.7, 138.9, 146.6, 161.1, 161.3,
163.0, 165.5.

4.3.6. 2-amino-6,8-dichloro-4-(4-hydroxy-6-methyl-2-oxo-

2H-pyran-3-yl)-4H-chromene-3-carbonitrile (2f)
Yellowish solid; 1.68 g (92%); mp: 211–213 8C; nmax

(KBr) = 3413, 3310, 3192, 2180, 1693, 1571, 1465, 1408,

http://www.ccdc.cam.ac.uk/conts/retrieving.html
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291, 1250 cm�1; HRMS (ESI): 386.9915 [M + Na]+, calcd
r C16H10Cl2N2NaO4: 386.9910; dH (300 MHz, DMSO-d6)

.15 (s, 3H, CH3), 5.00 (s, 1H, CH), 6.03 (s, 1H, CH), 6.91 (d,
= 2.0 Hz, 1H, Ar), 6.94 (s, 2H, NH2), 7.50 (d, J = 2.0 Hz, 1H,
r), 11.80 (br s, 1H, OH); dc (75 MHz, DMSO-d6) 19.4, 29.8,
2.6, 99.8, 103.5, 120.0, 120.7, 126.0 (2C), 127.4, 127.7,
44.5, 160.3, 162.0, 163.0, 165.8.

.3.7. 3-amino-1-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-

l)-1H-benzo[f]chromene-2-carbonitrile (2g)

Yellow solid; 1.63 g (94%); mp: 177–178 8C; nmax

Br) = 3411, 3331, 3210, 2160, 1703, 1654, 1584, 1425,
410, 1238, 1083 cm�1; HRMS (ESI): 369.0851 [M + Na]+,
alcd for C20H14N2NaO4: 369.0846; dH (300 MHz, DMSO-

6) 2.10 (s, 3H, CH3), 5.39 (s, 1H, CH), 5.98 (s, 1H, CH), 6.79
, 2H, NH2), 7.17 (d, J = 8.8 Hz, 1H, Ar), 7.36–7.53 (m, 2H,
r), 7.82 (d, J = 8.8 Hz, 1H, Ar), 7.85–7.95 (m, 2H, Ar), 12.90
r s, 1H, OH); dc (75 MHz, DMSO-d6) 19.3, 28.0, 53.3, 100.0,

04.0, 114.2, 116.6, 120.9, 122.7, 123.6, 124.6, 127.0, 128.6
C), 130.4, 130.8, 147.9, 161.3, 161.5, 163.3, 166.0.
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[22] J. Zhu, H. Bienaymé, Multicomponent reactions, Wiley-VCH, Wein-
heim, 2005.

[23] K. Tanaka, Solvent-free organic synthesis, Wiley-VCH, Weinheim, 2003.
[24] K. Tanaka, S. Kishigami, F. Toda, J. Org. Chem. 56 (1991) 4333–4334.
[25] F. Toda, K. Tanaka, K. Hamai, J. Chem. Soc. Perkin Trans. 1 (1990)

3207–3209.
[26] F. Toda, T. Suzuki, S. Higa, J. Chem. Soc. Perkin Trans. 1 (1998)

3521–3522.
[27] Z. Ren, W. Cao, W. Tong, Synth. Commun. 32 (2002) 3475–3479.
[28] D.V. Demchuk, M.N. Elinson, G.I. Nikishin, Mendeleev Commun. 21

(2011) 224–225.
[29] Z. Ren, W. Cao, W. Ding, W. Shi, Synth. Commun. 34 (2004) 4395–4400.
[30] Z. Ren, W. Cao, W. Tong, Z. Jin, Synth. Commun. 35 (2005) 2509–2513.
[31] T. Schmeyers, F. Toda, J. Boy, G. Kaupp, J. Chem. Soc. Perkin Trans. 2

(1998) 989–993.
[32] M.N. Elinson, F.V. Ryzhkov, R.F. Nasybullin, M.P. Egorov, Mendeleev

Commun. 24 (2014) 170–172.
[33] M.N. Elinson, A.I. Ilovaisky, V.M. Merkulova, P.A. Belyakov, A.O. Chiz-

hov, G.I. Nikishin, Tetrahedron 66 (2010) 4043–4048.
[34] M.N. Elinson, R.F. Nasybullin, F.V. Ryzhkov, M.P. Egorov, C. R. Chimie 17

(2014) 437–442.
[35] O.V. Dolomanov, L.J. Bourhis, R.J. Gildea, J.A.K. Howard, H. Puschmann, J.

Appl. Crystallogr. 42 (2009) 339–341.
[36] SHELX, G.M. Sheldrick, Acta Crystallogr. A64 (2008) 112–122.
[37] M.N. Elinson, R.F. Nasybullin, G.I. Nikishin, C. R. Chimie 16 (2013) 789–

794.
[38] P.A. Wender, S.T. Handy, D.L. Wright. Chem. Ind. (London, 1997)

765-769.
[39] T. Gaich, P.S. Baran, J. Org. Chem. 75 (2010) 4657–4673.
[40] M.N. Elinson, M.G. Medvedev, A.I. Ilovaisky, V.M. Merkulova, T.A.

Zaimovskaya, G.I. Nikishin, Mendeleev Commun. 23 (2013) 94–95.
[41] M.N. Elinson, R.F. Nasybullin, F.V. Ryzhkov, T.A. Zaimovskaya, M.P.

Egorov, Monatsh. Chem. 145 (2014) 605–610.

http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0210
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0210
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0215
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0215
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0215
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0215
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0220
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0220
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0225
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0225
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0230
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0230
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0235
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0235
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0240
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0240
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0245
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0250
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0250
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0255
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0255
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0260
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0260
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0265
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0265
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0270
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0270
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0275
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0280
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0280
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0285
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0285
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0290
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0290
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0295
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0295
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0295
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0300
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0300
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0305
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0305
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0305
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0310
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0310
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0310
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0315
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0315
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0320
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0325
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0330
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0330
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0335
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0335
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0340
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0345
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0345
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0350
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0355
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0360
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0360
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0365
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0365
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0370
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0370
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0375
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0375
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0380
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0380
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0385
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0390
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0390
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0400
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0405
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0405
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0410
http://refhub.elsevier.com/S1631-0748(15)00038-7/sbref0410

	Multicomponent assembling of salicylaldehydes, malononitrile, and 4-hydroxy-6-methyl-2H-pyran-2-one: A fast and efficient ...
	1 Introduction
	2 Results and discussion
	3 Conclusion
	4 Experimental
	4.1 General remarks
	4.2 Typical procedure in ethanol
	4.3 Typical grinding procedure
	4.3.1 2-amino-4-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)-4H-chromene-3-carbonitrile (2a)
	4.3.2 2-amino-4-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)-6-methyl-4H-chromene-3-carbonitrile (2b)
	4.3.3 2-amino-6-bromo-4-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)-4H-chromene-3-carbonitrile (2c)
	4.3.4 2-amino-4-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)-6-nitro-4H-chromene-3-carbonitrile (2d)
	4.3.5 2-amino-4-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)-8-methoxy-4H-chromene-3-carbonitrile (2e)
	4.3.6 2-amino-6,8-dichloro-4-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)-4H-chromene-3-carbonitrile (2f)
	4.3.7 3-amino-1-(4-hydroxy-6-methyl-2-oxo-2H-pyran-3-yl)-1H-benzo[f]chromene-2-carbonitrile (2g)


	Acknowledgements
	References


