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Triazine functionalized ordered mesoporous organosilica as a novel
organocatalyst for the facile one-pot synthesis of 2-amino-4 H-chromenes

under solvent-free conditionsT
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A highly ordered 2D-hexagonal mesoporous material functionalized with a triazine moiety has been
synthesized via post-synthetic modification of mesoporous SBA-15 with thiols followed by a thiol-ene
click reaction using 2.4,6-triallyloxy-1,3,5-triazine. A facile one-pot three-component condensation
reaction of aromatic aldehyde, malononitrile and activated phenols for the synthesis of a diverse
range of 2-amino-4 H-chromenes has been efficiently catalyzed over this novel mesoporous metal-free
heterogeneous organocatalyst under solvent-free reaction conditions. Further, this organocatalytic
reaction is waste-free, easy to work-up and efficiently reused. The organic products have been isolated
from the reaction mixture by using easily disposable solvents and can be easily purified by re-

crystallization.

Introduction

During the last decade, organocatalytic processes have attracted
increasing interest due to their huge potential in a wide range of
value added organic transformations.! The robustness, non-
toxicity, the lack of metal-leaching possibility during the
reaction, inertness towards moisture and oxygen, simple hand-
ling and storage are the main advantages of organocatalysts,’
which could largely overcome the major drawbacks traditionally
associated with metal-based heterogeneous catalysts, like long
reaction times, metal-leaching and structural stability of the
catalyst for prolonged recycling experiments.® In this context,
sustainable chemistry has emerged as one of the key areas of
research for the designing of chemical processes that cause
minimal environmental impact and prevents pollution at its
source.* Existing chemical processes have been tuned by using
solvent-free reaction media, aqueous medium, supercritical CO,,
ionic liquids, etc., for the development of novel, environmentally
benign processes and much improved catalytic performance.’
Thus, for developing sustainable and environmentally friendly
chemical synthesis processes, the design of novel organocatalysts
is highly desirable.® Although, the success of organocatalysts in
homogeneous reactions is hugely acknowledged, there are
several drawbacks, like high catalyst loading, and the recovery
and reuse of the expensive catalysts. In this context a successful
strategy for the design of a heterogeneous organocatalyst is to
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heterogenize the active homogeneous counterpart via an
immobilization technique. Ion exchange, physical adsorption,
dipolar attraction and covalent attachment of the species
containing the active sites to solid supports are well-known
strategies for the immobilization of homogeneous organocata-
lysts. However, due to the improved catalyst recycling efficiency
and minimum possibility of leaching of the organic fragment, the
last approach has been considered as the most useful for
immobilization of a homogeneous catalyst.” Some organocata-
lysts have been successfully prepared through the immobilization
of organic ligands, such as proline, diarylprolinol silyl ether, ezc.
Proline-based organocatalysts have been synthesized by anchor-
ing proline into the organic polystyrene matrix® or inorganic
(zeolite, mesoporous silica) insoluble supports.® Very recently, an
organocatalyst based on a chitosan hydrogel has shown excellent
catalytic activity.'® Due to the substantial swelling and stability
problems, low surface area and also lower accessibility of the
catalytic center, polymer supported organocatalysts often show
slower reaction rates compared to their homogeneous counter-
parts.!!

Mesoporous materials have gained increasing interest for drug
delivery,'? adsorption/separation,'® sensing,'* catalysis,'> ezc.,
due to their exceptionally high surface area, thermal and
mechanical stability. Thus, in this context, the design of
organocatalysts based on mesoporous hybrid organosilica is a
promising one.'® A mesoporous silica-based organocatalyst with
a controlled loading of the active fragment, such as -NH,, -OH,
—~COOH, and -SH groups, on the support can be synthesized
either by surfactant-assisted sol-gel synthesis or post-grafting
into the mesoporous silica by employing some chemical reactions
using the organosilane precursor.!” An active organic fragment
of the organocatalyst in the mesoporous silica framework can be
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preserved due to the strong Si-C covalent bonding. The
periodicity of nanoscale pores in these materials could favor
the easy accessibility of the organic functions in addition to the
possible diffusion of the solvent-soluble reactants within the
insoluble solid matrix and is thus very attractive for liquid-solid
phase catalytic reactions. Therefore, the covalent grafting of
catalytically active organic centers onto the surface of functio-
nalized mesoporous silica becomes of considerable technological
interest in the field of molecular catalysis.'®

2-Amino-chromenes are an important class of heterocyclic
compounds, attracting a diverse array of research interests,
ranging from natural products to biological and pharmacolo-
gical activities, such as antimicrobial,'® antiviral,!” mutageni-
city,?® antiproliferative,?! antitumor and central nervous system
activity.?? These compounds are also hugely recognized in the
field of cosmetics, pigments and potential biodegradable
agrochemicals.?® Therefore, in recent times increasing attention
has been paid for the synthesis of these heterocyclic compounds.
These heterocyclic compounds can be synthesized by the one-
pot three-component condensation reaction of aromatic alde-
hyde, malononitrile and activated phenol in a straightforward
manner by using piperidine as a basic catalyst.>* The synthesis
of 2-amino-chromene via condensation reactions has been
conducted by employing many homogeneous catalysts such as
NaOH,* K,C0;,%° 1,/K,CO;,>” TiCls,”® InCls,%° heteropolya-
cid®® and Et;N.3' Recently, Makerem et al reported the
electrochemically induced multicomponent condensation of
resorcinol, malononitrile and aldehyde in propanol in an
undivided cell in the presence of NaBr as an electrolyte.*?
However, these homogeneous catalysts require long reaction
times, toxic solvents and greater amounts of reagents than its
stoichiometry. On the other hand, only a few heterogeneous
catalysts, such as nano-sized magnesium oxide, Mg/Al hydro-
talcite, and nano-structured diphosphate (Na,CaP,0O;), have
been developed for the synthesis of 2-amino-chromene.*?
However, all of the heterogeneous catalysts are metal based,
causing environmental hazards. So a successful approach for
the development of an alternative, non-air sensitive, easily
separable heterogeneous organocatalyst devoid of metal ions is
highly desirable to address the industrial and environmental
concerns.

Herein, we report the synthesis of a new robust and non-air
sensitive metal-free triazine functionalized mesoporous orga-
nocatalyst TFMO-1 and its excellent catalytic activity in the
one-pot three-component condensation reactions for the
syntheses of 2-amino-chromene derivatives under solvent-free
conditions. TFMO-1 with a 2D-hexagonal mesoporous struc-
ture has been designed via consecutive surface functionalization
of SBA-15 with 3-mercaptopropyl triethoxysilane followed by a
thiol-ene click reaction with 2,4,6-triallyloxy-1,3,5-triazine in
the presence of azobisisobutylronitrile (AIBN) initiator. The
organocatalyst has been thoroughly characterized by XRD,
FT-IR, HRTEM, FE SEM, N, sorption, '*C and 2°Si MAS
NMR studies. The increasing importance of metal-free
catalysis has provoked us to use this organically modified
triazine functionalized mesoporous silica as a catalyst for the
synthesis of 2-amino-chromenes from a mixture of aromatic
aldehyde, malononitrile and activated phenols under solvent-
free conditions.

Experimental section
Organocatalyst preparation

Synthesis of mesoporous SBA-15. In a typical synthesis, 2.0 g
of P123 was dissolved in 60 mL of 2.0 M aqueous HCl and 15.0 g
of distilled water under stirring at room temperature. Then 4.25
g of tetraethyl orthosilicate (TEOS) was added dropwise to the
solution of P123 in acid media at 40 °C. After TEOS was added,
the mixture was stirred for 24 h and then transferred into a
Teflon-lined autoclave and kept at 100 °C for another 24 h.
Finally the solid product was recovered by filtration, washed
with distilled water, and air-dried. The template was removed by
calcination of the sample at 500 °C in air for 5 h to get the final
product SBA-15.

General procedure for the synthesis of —-SH functionalized SBA-
15. 0.1 g of calcined SBA-15 in 10 mL of dry toluene was placed
in a 25 mL round bottom flask equipped with a condenser. A
solution of 3-mercaptopropyltriethoxysilane (0.00081 mol, 0.158
g, Aldrich) in 5 mL of dry toluene with two drops of pyridine
was added dropwise to the dispersed SBA-15 solution under
continuous stirring. After complete addition of the organosilane
precursor, the reaction mixture was kept under refluxing
conditions for about 12 h under a nitrogen atmosphere. After
completion of the reaction, the reaction mixture was allowed to
cool at room temperature. It was filtered through suction and
washed thoroughly with toluene (10 mL), dichloromethane (10
mL) and diethyl ether (10 mL), respectively. The white colored
sample was dried at room temperature.

Synthesis of triazine functionalized SBA-15 (TFMO-1).
Triazine functionalized SBA-15 (TFMO-1) has been prepared
via a thiol-ene click reaction of thiol functionalized SBA-15 with
2.4,6-triallyloxy-1,3,5-triazine in the presence of AIBN. A
solution of 2.4,6-triallyloxy-1,3,5-triazine (0.067 g, 0.00027
mol) and AIBN (10 mg, 6.3 x 1072 mmol) were added to the
as-prepared thiol functionalized SBA-15 dispersed in 15 mL of
chloroform solution at room temperature. The mixture was
heated to reflux at 60 °C for 10 h. Then the mixture was allowed
to cool at room temperature. The off-white colored material was
collected by filtration after washing several times with CHCI;
and MeOH mixture. This functionalized mesoporous material
has been designated as TFMO-1. Elemental analysis of the
mesoporous material gave C (20.91%); H (2.51%); N (4.06%).
The outline for the synthesis of the organocatalyst TFMO-1 is
shown in Scheme 1 .

General procedure for the synthesis of 2-amino-chromenes over
TFMO-1. A mixture of aromatic aldehyde 1 (1 mmol),
malononitrile 2 (1 mmol, 66 mg), 1-naphthol 3 (1 mmol, 144
mg) and organocatalyst (0.04 g) was heated at 110 °C in an oil
bath for an appropriate period of time under solvent-free
conditions. After completion of the reaction (monitored by
TLC), the reaction mixture was allowed to cool and 3 mL MeOH
was poured into the reaction mixture. The resulting reaction
mixture was stirred vigorously for about 2 h. The catalyst was
separated from the reaction mixture by filtration and the catalyst
was washed with acetone and ethyl acetate several times. The
recovered catalyst was dried at 80 °C for 4 h and stored in a
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Scheme 1 Synthesis of triazine functionalized mesoporous organocatalyst TFMO-1 via thiol-ene click reaction.

desiccator. Pure organic compound was afforded by evaporation
of the solvent in a rotary evaporator and the residue was purified
by crystallization using eco-compatible solvents (EtOH or EtOH/
water) leading to 2-amino-chromene 4. The isolated pure product
was characterized by 'H, '>*C NMR. An outline of the condensa-
tion reaction over the organocatalyst is shown in Scheme 2.

Characterization techniques. Powder X-ray diffraction patterns
are recorded on a Bruker D-8 Advance SWAX diffractometer
operated at a voltage of 40 kV and a current of 40 mA. The
instrument was calibrated with a standard silicon sample, using
Ni-filtered Cu-Ko (4 = 0.15406 nm) radiation. Nitrogen
adsorption/desorption isotherms were obtained by using a Bel
Japan Inc. Belsorp-HP at 77 K. Prior to gas adsorption, samples
were degassed for 4 h at 393 K under high vacuum conditions. A
JEOL JEM 6700F field emission scanning electron microscope
was used for the determination of morphology of the particles.
FT IR spectra of the samples were recorded using a Nicolet
MAGNA-FT IR 750 Spectrometer Series II. High resolution
transmittance electron microscopic (HR TEM) images were
recorded in a JEOL JEM 2010 transmission electron microscope.
Thermogravimetric analysis (TGA) was performed on a
SBTQ600 Thermal Analyzer (USA) with a heating rate of 10
°C min~! over a temperature range of 40-800 °C under flowing
compressed N, (100 mL min~!). '"H and '*C NMR (solution)
experiments were carried out on a Bruker DPX-300 NMR
spectrometer. The solid state MAS NMR spectra of the samples
were taken in a Bruker MSL 500 spectrometer.

Results and discussion

The small angle powder X-ray diffraction (PXRD) pattern of the
thiol-functionalized mesoporous SBA-15 is shown in the Fig. 1a.
Three characteristic diffraction patterns in the 260 region of 0.9 to

CHO OH O~ NH:
[ e |l TFMO-1 I
N
+ e CCH, + — CN
R/ neat, 383 K
1 2 3 4 \

R

Scheme 2 General procedure for the synthesis of 2-amino-chromenes
over TFMO-1.

2.0 can be observed, which can be attributed to the 100 (strong),
110 (weak) and 200 (weak) reflections respectively, correspond-
ing to the 2D-hexagonal mesostructure. When this thiol-
functionalized mesoporous silica was subjected to the thiol-ene
click reaction, for the synthesis of the triazine-functionalized
organocatalyst, a considerable decrease in the intensity and a
shift of the peaks are observed, however, the 2D-hexagonal
ordering has been retained (Fig. 1b). The small shift in the XRD
pattern of the triazine-functionalized organocatalyst could be
attributed to the formation of a functional molecule layer via the
click reaction of the surface —-SH groups with the allyl groups.
N, adsorption/desorption isotherms of the triazine-functiona-
lized mesoporous organocatalyst at 77 K is shown in the Fig. 2.
The sample shows a typical type IV isotherm with a very large
hysteresis loop in the 0.5 to 0.8 P/P, range. The isotherm
accounts for the relatively ordered mesopores and the hysteresis
loop, which is characteristic for the large tubular pores of SBA
15. The BET surface areas for the pure SBA-15 and TFMO-1 are
610 m* g~ ' and 405 m> g~ ! respectively. A considerable decrease
in the BET surface area upon covalent grafting of the organic
triazine groups through the thiol-ene click reaction at the surface
of the thiol-functionalized SBA-15 material suggests that the
organic groups have been anchored at the surface of the
mesopores. The pore size distribution of the organocatalyst
(TFMO-1) was calculated by employing non-local density
functional theory (NLDFT), shown in the inset of (Fig. 2),

3
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Fig. 1 Small angle powder XRD pattern of thiol-functionalized SBA-15
(a), triazine-functionalized organocatalyst TFMO-1 (b) and reused
organocatalyst after the catalytic reaction (c).
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Fig. 2 N, adsorption/desorption isotherm of the triazine-functionalized
mesoporous organocatalyst (TFMO-1). Inset: Pore size distributions
estimated through the NLDFT method.

which suggests a uniform distribution of large mesopores
throughout the sample with pore dimensions of ca 6.7 nm. The
calculated pore volume (0.517 ccg™ ") and pore size of ca. 6.7 nm,
for the organocatalyst (TFMO-1), is sufficient enough to allow

the diffusion of large molecules, requiring only short reaction
times for carrying out of the three-component condensation
reactions. Further, the pore dimension for the SBA-15 material
was 9.6 nm,'® which has been distinctly reduced to 6.7 nm after
the thiol-ene click reaction. The considerable decrease in the
pore dimension clearly suggests that the large triazine molecules
have been anchored into the pore channels of the mesoporous
SBA-15-SH material.

The HR TEM image of mesoporous organocatalyst TFMO-1
(Fig. 3A) clearly suggests that uniformly ordered mesopores with
dimensions of ca. 6.1-6.4 nm have been arranged in a honey-
comb like hexagonal array throughout the sample. The FFT
diffractogram shown in the inset of the Fig. 3A further suggests
2D-hexagonal pore channels. The TEM image (Fig. 3B,
perpendicular to the pore axis) also illustrates that the channel
directions are parallel to the thickness of the plate, and the 110
reflection plane of the sample is clearly viewed in this image.
From these TEM images we can conclude that the mesoporous
organocatalyst has ordered mesopores with a 2D-hexagonal
structure, and that the hexagonally ordered mesoporous
structure of SBA-15 is also preserved after functionalization.

In Fig. 4, the FTIR spectra of the thiol-functionalized silica
and TFMO-1 samples are shown. A weak absorbance at 1470
and 1420 cm ™! is observed with the introduction of 3-mercapto-
propyltrimethoxysilane functionality in SBA-15. These peaks
could be assigned to the bending vibrations of the methylene

Fig. 3 HR TEM images (A, parallel to pore axis, FFT pattern is shown in the inset), (B, perpendicular to pore axis) of triazine functionalized
mesoporous organocatalyst (TFMO-1). TEM images of the reused catalyst after the second (C) and sixth (D) catalytic cycles.
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Fig. 4 FTIR spectra of the of the thiol-functionalized SBA-15 (a),
triazine functionalized mesoporous organocatalyst TFMO-1 (b) and
reused catalyst after the first cycle (c). Enlarged portion of thiol
functionalized SBA-15 is shown in the inset.

groups. Further, an absorbance in the range of 2860-2930 cm !,
corresponding to the methylene stretching vibrations of the
propyl chain appeared, indicating the incorporation of the
organic moiety in SBA-15. Before the thiol-ene click reaction,
the —SH stretching is observed at 2567 cm ™' (inset of Fig. 4) with
a very weak intensity. The disappearance of the —SH peak in
TFMO-1 signifies that the —-SH group takes part in the thiol-ene
click reaction. In the FTIR spectrum of TFMO-1 (Fig. 4b) a
strong band at 1570 cm ™! appears, which could be attributed to
the ring C=N stretching vibration and an additional sharp band
at 1415 cm ™' due to the stretching vibration of —CH, group.
Additionally, the characteristic mode around 814 cm™ ! is further
evidence of the presence of triazine units in this mesoporous
organocatalyst. Further, the allylic double bond (-C=C-)
stretching of the 2,4,6-triallyloxy-1,3,5-triazine moiety at 1840
cm” !, has been disappeared (Fig. 4b), which clearly suggests that
the C=C bond of the triazine moiety undergoes the thiol-ene
click reaction. The peak corresponding to the stretching
vibration of C-N, at 1142 cm™ !, cannot be observed due to
the overlap with the absorbance of the Si—O-Si stretch in the
10001130 cm ! range. In Fig. 5 the FE SEM image of the
mesoporous TFMO-1 is shown. As seen from this image, very
tiny particles with dimensions of ca. 40 nm have self-assembled
to form uniform 3D-microspheres with diameters that vary from
1.84 pm to 1.98 um. Microspheres are seen to adhere with each
other at their surfaces. This could be due to the random thiol-
ene click reaction of the allyl groups with the surface —-SH groups
of the material. During the initial period of this reaction, the
triazine derivative is preferentially linked to the carbon nuclei
due to its higher reactivity, implying that triallyloxy triazine acts
as a cross-linker. The 3D-functional moiety of the triazine
molecule could help the random thiol-ene click reaction in all
directions leading to the 3D microsphere.

13C and ?’Si MAS NMR results provide useful information
regarding the chemical environment and the presence of an
organic functional group in the organic-inorganic hybrid
frameworks of the mesoporous organocatalyst. 2°Si MAS
NMR spectrum of TFMO-1 (Fig. 6A) exhibits two broad T"

[ o L
SEI 50KV X37,000 100nm WD 9.0mm

Fig. 5 FE SEM image of the mesoporous organocatalyst TFMO-1.

and two Q" signals with the chemical shifts at —57.3, —67.3,
—101.0 and —109.1 ppm, which could be attributed to the T? [C—
Si(0Si),(OH)], T? [(0Si);Si-R], Q* [Si(OSi);(OH)] and Q*
[Si(OSi)4] species, respectively.!®® The 3C CP MAS NMR
spectrum (Fig. 6B) for the organocatalyst displays characteristic
signals for the melamine bridging group at C; (68.2 ppm), C, (27.1
ppm), Cs (33.7 ppm), C4 (51.0 ppm), Cs (16.5 ppm) and Cg (10.5
ppm). A sharp signal with a maxima at 172.6 ppm can be
attributed to the triazine-C of the melamine unit. The intensity of
the sp® hybridized carbon atoms of the allyl unit, which appear at
116 and 131 ppm, respectively, were substantially decreased
(Fig. 6B). The decrease in peak intensities corresponding to the
olefinic carbon atoms suggested that a predominant thiol-ene
click reaction occurs with the surface —SH groups of the thiol-
modified mesoporous silica. The radicals usually react with thiol
groups in the thiol-ene reaction due to the difference in the
kinetics between the thiol and alkene groups. It is possible that
some amount of the unreacted alkene groups could remain at the
surface of TFMO-1 due to incomplete thermal radical reaction in
the presence of the initiator azobisisobutyronitrile (AIBN). These
MAS NMR experimental results indicate that the functional
group bearing the triazine moiety is covalently grafted inside the
pore walls of the mesoporous catalyst. Elemental analysis of the
organocatalyst gave C (20.91%); H (2.51%); N (4.06%). The
organic group loading of the mesoporous organocatalyst (TFMO-
1) is found to be 0.96 mmol g~ !, as determined by the nitrogen
content (4.06%) in the elemental analysis. Thermal stability of the
triazine supported organocatalyst was investigated by using TGA
analysis (ESI, Fig. S1t). The first one (ca. 5% weight loss) was
found in the region 200 °C, which is attributed to the surface
bound or the intercalated water absorbed in the internal pores or
due to the loss of coordinated solvent molecules. The second
weight loss (ca. 30%) for the organocatalyst in the temperature
region between 200 °C and 400 °C corresponds to the decom-
position of the organic fragments.

Catalysis

Effect of catalyst dose. Catalytic activity of the mesoporous
organocatalyst TFMO-1 has been examined for the synthesis of
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a series of 2-amino-chromenes. It was found that the condensa-
tion reaction among aromatic aldehyde (1), malononitrile (2) and
I-naphthol (3) produces 2-amino-chromenes in good yields over
the mesoporous organocatalyst TFMO-1 under solvent-free
conditions (Scheme 2). All products were characterized by 'H
and '*C NMR spectroscopy. To determine the best weight of the
catalyst required for the condensation reaction, the synthesis was

100
9 g .
S 80-
=
T
[]
S g9
Py - ®
£
s /
= 40 o
2 /
> o
204

000 002 004 006 0.08
Weight of the catalyst (g)

Fig. 7 Effect of the weight of organocatalyst for the three-component
condensation reaction.

performed in the presence of varying amounts of catalyst (from
0.01 to 0.08 g) at 110 °C (Fig. 7). From Fig. 7, it has been found
that 0.04 g of TFMO-1 is the optimum amount of catalyst
required to carry out the reactions. Increasing the amount of
catalyst does not improve the yield of the products any further,
whereas decreasing the amount of catalyst leads to a decrease in
the product yield. The optimal conditions for the 2-amino-
chromene synthesis with a broad range of aromatic aldehydes
and yield of the products are listed in the Table 2.%*

In order to confirm that the catalytic activity arises from the
basic triazine moiety of the organocatalyst, a control experiment
for the condensation reaction was performed by taking
4-chlorobenzaldehyde, malononitrile and I-naphtol in the
absence of any catalyst and solvent at room temperature
(Table 1, entry 1). Under these conditions no reaction occurs,
and the starting components remain unreacted. Then CH;CN
was added into the reaction mixture and the mixture was allowed
to stir at room temperature for 8 h, where the yield of the
isolated product was about 5% (Table 1, entry 2). In order to
improve the experimental results, the reaction was carried out at
40 °C without any catalyst in CH3CN. No appreciable increase
in product yield was observed (Table 1, entry 3). The reaction
was also performed under solvent-free conditions without any
catalyst at 70 °C and 110 °C, providing yields of 22% and 25%
respectively (Table 1, entries 4 and 5). It is found that the initial
reaction starts but gives very poor yield to the final product
(25%) at high temperatures. Triggered by these unsatisfactory
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Table 1 Screening of different catalyst sources for the synthesis of 2-amino-4 H-chromenes®
Entry Catalyst Temperature (°C) Solvent Yield of 4¢” (%)

1 No catalyst rt None NR¢

2 No catalyst rt CH;CN 5

3 No catalyst 40 CH;CN 12

4 No catalyst 70 None 22

5 No catalyst 110 None 25

6 Piperidine 70 None 43

7 NEt; 70 None 40

8 Pyridine 70 None 40

9 2,4,6-triallyloxy-1,3,5-triazine 70 None 58
10 Imidazole 70 None 52
11 MPTAT-1 110 None 75
12 Mg-Al-hydrotalcite 110 None 65
13 SBA-15 110 None NR¢
14 SBA-15-SH 110 None NR®
15 TFMO-1 110 None 90
16 2,4,6-triallyloxy-1,3,5-triazine 110 None 65

“ Reaction conditions: 4-chlorobenzaldehyde (I mmol, 140 mg), 1-naphthol (I mmol, 144 mg), malononitrile (I mmol, 66 mg), solvent-free or

solvent (CH5CN, 5 mL), catalyst (40 mg). ? Isolated yield of pure product. ¢ No reaction was observed, rt refers here to 25 °C.

results, we proceeded to perform the reaction by using a catalyst
in order to increase the yield. Therefore, we surveyed some Lewis
base catalysts (homogeneous and heterogeneous) for the
condensation reaction to increase the product yield. The reaction
was conducted at 70 °C under solvent-free conditions by
employing several homogeneous Lewis base organocatalyst such
as piperidine, triethylamine, pyridine and imidazole (Table 1,
entries 6-8 and 10). The catalytic activity of the homogeneous
catalyst 2.,4,6-triallyloxy-1,3,5-triazine has been considered
poorer than TFMO-1 (Table 1, entry 9). Very recently we have
synthesized a mesoporous organic polymer MPTAT-1 bearing
the backbone of the 2.4,6-triallyloxy-1,3,5-triazine fragment.®
When MPTAT-1 was used as a catalyst for this reaction, a 75%
yield of the product 2-amino-chromene was obtained (Table 1,
entry 11). The higher yield obtained by our TFMO-1 organo-
catalyst over MPTAT-1 could be attributed to the presence of
sulfur atoms in the pore channels of the catalyst. Sulfur atoms
increase the electrophilicity of the aldehyde group and also the
cyanide group, which helps in the Michael addition and intra-
molecular cyclization reaction, as a result, the condensation
reaction could be more facile. Further, MPTAT-1 is not stable at
higher temperatures, somehow the destruction of C-C bonds
occur at high temperatures and thus some loss of the catalyst
active sites occur during the course of the workup procedure. As
a result, the TFMO-1 catalyst becomes more superior to the
mesoporous polymer MPTAT-1. A control experiment over the
well known solid base catalyst Mg-Al-hydrotalcite has been
performed (Table 1, entry 12) for the condensation reaction. The
yield of the condensation product 4¢ was 65%. However our
TFMO-1 catalyst gives a 4¢ yield of 90%. When the mesoporous
SBA-15 and SH-functionalized SBA-15 supported silica were
used as an organocatalyst for the condensation reaction under
solvent-free conditions no product was obtained (Table 1, entries
13 and 14). This data clearly signifies that the mesoporosity plays
a significant role in this condensation reaction.

The condensation reaction for aldehydes with both electron-
donating (Table 2, entries 4 and 5) and electron-withdrawing
groups (Table 2, entries 1-3 and 7) proceeded smoothly with very
good efficiency. Thus, the nature and position of the substitution
in the aromatic ring did not have a great effect on the reactions.

The meta-substituted aromatic aldehyde (Table 2, entry 7), as
well as the o, f-unsaturated aromatic aldehyde (Table 2, entry 9),
both undergo the condensation reaction without any difficulty.
Several sensitive functional groups, such as —Cl, —Br, and ~NO,,
attached to the aromatic ring are also compatible in this
reaction. A heterocyclic aldehyde, like thiophene-2-adehyde,
participated in the condensation reaction with equal efficiency
(Table 2, entry 6). The condensation reaction becomes quite
facile for the bromo-substituted ortho-hydroxybenzaldehyde
(Scheme 3), with a corresponding yield of 92%. The turn over
number (TON) for different reactions varies from 24-22.6 for
different aldehydes, suggesting high catalytic efficiency of
TEFMO-1 in these reactions. In contrast, the reaction at 298 K
under identical conditions (Table 2, entry 10) was found to be
very slow, yielding only a trace amount of the product,
suggesting that the high temperature is more suitable for the
one-pot three-component condensation reaction. In order to
extend the scope of the reaction, the reaction was performed with
various activated phenols (Table 3) using 4-chlorobenzaldehyde
as the representative case for 4 h. It was found that 1-naphthol
showed the best catalytic activity among the activated phenols in
this condensation reaction. The condensation reaction was
performed with different active methylene compounds, like
malononitrile, ethyl cyanoacetate and diethyl malonate, under
solvent-free conditions using 4-chlorobenzaldehyde as the
representative aldehyde. However, only malononitrile showed a
high product yield, suggesting that it was the best-suited active
methylene compound for the synthesis of 2-amino-chromene
derivatives over our mesoporous organocatalyst TFMO-1.

Effect of reaction temperature. The temperature played a
crucial role in determining the activity of the organocatalyst for
the synthesis of the chromene derivatives. The effect of reaction
temperature on the catalyst TFMO-1 was investigated by
performing the condensation of 4-chlorobenzaldehyde, malono-
nitrile and I-naphtol under solvent-free conditions at different
temperatures (Fig. 8). When the reaction was performed at room
temperature (25 °C) under solvent-free conditions, only a trace
amount of product (5%) was obtained. As the temperature of the
reaction was increased to 40 °C, the product yield increased to
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Table 2 Synthesis of 2-amino-4H-chromenes over TFMO-1 under
solvent-free conditions”

EntryAromatic aldehyde Time (h)Yield” (%)TON“Product

1 92 24.0 4a

5 92 24.0 4b

4
4 90 23.4 4c
4

90 234 4d

6 @ 5 86 223 4f

5 86 23 4g

8 i : 6 88 23.0 4h

7 87 22.6 4i

104

o
B
o
H
H
B

0o — — 4
(o)
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5 6 88 23.0 de
o~ Hono
s~ CHO
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CHO
NO,
1
2r\14<;>—m-|o

“ Reaction conditions: aromatic aldehyde (1 mmol,
4-nitrobenzaldehyde, 151 mg, entry 1), 1-naphthol (1 mmol, 144 mg),
malononitrile (I mmol, 66 mg), solvent-free conditions, reaction
temperature: 110 °C (oil bath), catalyst TFMO-1: 40 mg. ? Isolated
yield of the pure product. ¢ Turn over number (TON) = moles of
substrate converted per mole of active site. ¢ Reaction conditions:
4-nitrobenzaldehyde (1 mmol, 151 mg), 1-naphthol (1 mmol, 144 mg),
malononitrile (I mmol, 66 mg), solvent-free conditions, reaction
temperature: 25 °C (room temperature), catalyst TFMO-1: 40 mg.

_O_NH;

OH OH I
one. - | TFMO-1 CN
+ ScH,+ = _OH

-~
| NC neat, 383 K
Br
1 B 2 3 4

Scheme 3 Procedure for the synthesis of 2-amino-chromene of 5-bro-
mosalicylaldehyde over TFMO-1.

30%. As the product yield increases with the increase of
temperature, we further performed the reaction at three other
higher temperatures like 60 °C, 80 °C and 110 °C. From Fig. 8 it
is clear that the temperature of 110 °C is the optimum
temperature for completion of this reaction (Table 1, entry 15,
yield 90%). Beyond 110 °C, no increase in product yield was
observed. In order to compare the catalytic activity of the
homogeneous phase and heterogeneous phase at the same
reaction temperature and to clarify the role of the mesoporous
organosilica we have performed the catalytic reaction of
4-chlorobenzaldehyde, 1-naphthol and malononitrile in the
presence of 2.4,6-triallyloxy-1,3,5-triazine as the homogeneous
phase at 110 °C under solvent-free conditions (Table 1, entry 16,
yield 65%). This data clearly suggests that the mesoporosity
plays a crucial role in this condensation reaction. Sulfur atoms
are grafted with the mesoporous silica via the thiol-ene click
reaction. These sulfur atoms increase the electrophilicity of the —
CHO and -CN groups, which promotes the Michael addition
and intra-molecular cyclization reaction. With the increase of
electrophilicity of the -CN groups, the addition reaction as well
as the nucleophilic attack by the phenoxide groups, become quite
facile to provide the 2-amino chromene derivatives. These
functionalities, as well as the surface area are absent in the
homogeneous catalyst of 2.4,6-triallyloxy-1,3,5-triazine. Thus,
the yield of the condensation product over our mesoporous
organocatalyst TFMO-1 is much higher than the homogeneous
2,4,6-triallyloxy-1,3,5-triazine form.

Reusability of the catalyst. In order to establish the recycl-
ability of the catalyst (TFMO-1), the condensation reaction
under similar conditions, between 4-chlorobenzaldehyde, mal-
ononitrile and 1-naphtol, was taken as the representative case.
After the reaction was over, the catalyst was separated from the

Table 3 Synthesis of 2-amino-4H-chromene derivatives catalyzed by
TFMO-1¢

Activated phenol Reaction time (h) Yield” (%)

1-Naphthol 4 90
2-Naphthol® 4 45
Resorcinol 4 64

“ Reaction conditions: 4-chlorobenzaldehyde (1 mmol, 140 mg)
activated phenolic compounds (l-naphthol,]1 mmol, 144 mg),
malononitrile (1 mmol, 66 mg), solvent-free, reaction temperature: 110
°C (oil bath), catalyst TEMO-1: 40 mg. ° Isolated yield of pure
product. © Reaction conditions: 4-chlorobenzaldehyde (1 mmol, 140
mg) 2-naphthol (1 mmol, 144 mg), malononitrile (1 mmol, 66 mg),
solvent free, reaction temperature: 110 °C (oil bath), catalyst TFMO-1:
40 mg and complete consumption of reactants not observed on TLC
for this reaction.

This journal is © The Royal Society of Chemistry 2012
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Fig. 8 Effect of reaction temperature for the three-component con-
densation reaction.

reaction mixture by filtration, washed with dichloromethane
followed by diethyl ether. Then the recovered catalyst was dried
at room temperature for 6 h and used for a further six additional
reaction cycles. In all cases, the silica-supported organocatalyst
TFMO-1 exhibited consistent catalytic activity, establishing the
recycling and reusability of the catalyst without any significant
loss of catalytic activity (Table 4). Only a very small drop in the
product yield in each catalytic cycle is observed. It is clear from
Table 4 that the TON of the catalyst is retained from fresh to the
sixth reaction cycle, suggesting the high catalytic efficiency of
TFMO-1.

Leaching test. Furthermore, the leaching of the organic groups
from the catalyst support can be checked by performing an in
situ filtration technique. In such a technique, the supported
catalyst TFMO-1 was stirred at room temperature with
dichloromethane for 24 h. The catalyst was then separated by
filtration, and the condensation reaction of 4-chlorobenzalde-
hyde, malononitrile and 1-naphtol was conducted with the
filtrate for 24 h at room temperature. No yield of the product
2-amino-chromene has been observed, establishing the fact that
no leaching of the organic group occurs during the course of the
reaction. This result confirms the heterogeneous nature of the
mesoporous organocatalyst and the organic moiety was cova-
lently anchored inside the pore wall of the catalyst. The absence
of the organic triazine moiety in the filtrate was further
confirmed by investigating the UV-vis spectra of the filtrate.

Table 4 Recycling potential of the mesoporous organocatalyst (TFMO-
1)

No. of cycles Fresh Runl Run2 Run3 Run4 Run5 Run6

Yield"(%) 9 90 90 88 88 85 84
Time (h) 4 4 4 4 4 4 4
TON® 234 234 234 230 230 221 218

“ Reaction conditions: 4-chlorobenzaldehyde (I mmol, 140 mg)
I-naphthol (1 mmol, 144 mg), malononitrile (1 mmol, 66 mg), solvent-
free, reaction temperature: 110 °C (oil bath), catalyst TFMO-1: 40 mg.
b Isolated yield of pure product. ¢ Turn over number (TON) = moles
of substrate converted per mole of active site.

The UV-vis spectra did not show any absorption peaks
corresponding to the triazine moiety, indicating that no leaching
of the active component 2,4,6-triallyloxy-1,3,5-triazine from the
backbone of mesoporous silica occurs during the course of the
reaction. Further, to confirm clearly that no leaching occurs
during the course of the reaction, the leaching test was also
performed using the standard reaction (hot filtration conditions)
of 4-chlorobenaldehyde, malononitrile and 1-naphthol under
optimized reaction conditions at 110 °C. After 2 h of reaction (as
this reaction takes 4 h to complete, so 2 h is the mid-way of the
reaction) the reaction was stopped. Then the reaction mixture
was cooled and stirred with 2 mL of MeOH for 6 h at room
temperature. Then the solid catalyst was filtered from the
mixture. MeOH was evaporated to dryness to provide the crude
product with 50.4% yield. The NMR data suggests that the
reactants and product are also present in the mixture and
product yield is 50%, however, the NMR peaks corresponding to
the triazine moiety were absent. Then this crude product
(product with the reactant mixture) was allowed to heat at 110
°C for another 2 h, after which the reaction mixture was worked-
up as described previously. Absolutely no increase in the product
yield in the reaction mixture was observed (yield 50.2%). If the
triazine moiety, which is responsible for the catalysis, had
leached from the silica backbone unit and was present in the
reaction mixture (as the triazine moiety is soluble in MeOH), it
would have facilitated the reaction further, improving the
product yield. The UV-visible spectrum of the filtrate did not
show bands corresponding to the triazine moiety. Thus, we can
conclude that the triazine moiety has been covalently grafted
with the silica framework and no leaching of the organic
fragments occur during the course of the reaction under the
optimized reaction conditions.

Characterization of the reused catalyst. The reused organoca-
talyst was further characterized by small angle powder XRD,
TEM, FT-IR studies in order to clarify if any change occur in the
catalyst after catalysis. In the small angle powder XRD pattern
of the reused organocatalyst (Fig. 1c) characteristic mesophase
was obviously observed, which suggests that the hexagonal
mesostructure of the reused catalyst are well preserved during the
course of the catalytic reaction. FT-IR studies of the reused
catalyst after the sixth catalytic cycle (Fig. 4c) were recorded,
where the two strong absorption bands at 1570 cm ™! and 1415
em™ !, corresponding to the C=N stretching and the stretching
vibration of the -CH, groups, were obviously observed. The IR
spectra of the reused catalyst reveals that no obvious change
occurs in the structure of the organocatalyst. The TEM images
of the reused organocatalyst after the second (Fig. 3C) and sixth
(Fig. 3D) catalytic cycle suggests that the ordered mesostructure
of the reused catalyst remains unaffected after the reaction. The
above results revealed that the mesoporous organocatalyst was
very stable during the catalysis and could withstand these
conditions.

Plausible reaction pathway. The possible mechanistic pathway
for the one-pot three-component condensation reaction over
TFMO-1, containing basic sites, is shown in the Fig. 9. A
Knoevenagel reaction, Michael addition and intra-molecular
cyclization are involved simultaneously in the synthesis of

11314 | RSC Adv., 2012, 2, 11306-11317

This journal is © The Royal Society of Chemistry 2012


http://dx.doi.org/10.1039/c2ra22291d

Published on 25 September 2012. Downloaded on 06/03/2016 05:55:01.

View Article Online

Intramolecular
cyclization

|
| S,(cuz)3
1
(C\Hz 3 OI(CMZ)3
S WA
Lo NN
= @
= 07N
(CH,),
S(CH)
| 2/3
CHO
Knoevenagel

condensation

Q0

Michael
addition

Fig. 9 Plausible reaction pathway for condensation reaction of aromatic aldehyde, 1-naphthol and malononitrile in the presence of TFMO-1.

2-amino-4H-chromene derivatives.>® The one-pot three-compo-
nent condensation reaction could proceed as follows. In the first
step, the aromatic aldehyde undergoes a Knoevenagel condensa-
tion reaction with malononitrile to afford a-cyanocinnamonitrile
derivative (A). The 1-naphthol endures a Michael addition
reaction with the A to afford the product (B). Here, the sulfur
atoms of the catalyst increases the electrophilicity of the —-CN
group followed by abstraction of the proton from the ~-OH
group by the basic N-sites of the catalyst. The Michael addition
product (B) undergoes intra-molecular cyclization through
nucleophilic attack of the phenoxide group on the cyano moiety
and is subsequently tautomerized to yield the 2-amino-chromene
derivatives (C).%’

Conclusion

In conclusion, we have developed a novel metal-free mesoporous
organocatalyst possessing a highly ordered 2D-hexagonal
nanostructure via the thiol-ene click reaction of 3-mercaptopro-
pyl grafted SBA-15 with 2.4,6-triallyloxy-1,3,5-triazine. This
mesoporous organocatalyst can be used for the one-pot three-
component condensation reaction of aromatic aldehyde, mal-
ononitrile and 1-naphthol under solvent-free conditions for the

synthesis of 2-amino-4H-chromenes. The organic 2-amino-
4H-chromene derivative was isolated from the mixture by using
the eco-compatible and easily disposable solvent MeOH, and
was then reused several times without any significant loss of
catalytic activity. An efficient organocatalytic pathway is
described herein for the synthesis of 2-amino-4 H-chromene
under solvent-free conditions, which may contribute significantly
to designing value added therapeutic molecules.
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'H and *C NMR chemical shifts for different 2-amino chromene
products reported in Table 2. 2-Amino-3-cyano-4-(4-nitrophenyl)-
4H-benzolh]-chromene (Table 2, entry 1), (4a), Yellow solid: 'H
NMR (300 MHz, DMSO-dg) 6 5.13 (s, 1H), 7.08-7.10 (d, 1H, J = 6
Hz), 7.31 (s, 2H), 7.51 (d, 2H), 7.54-7.79 (3H, m), 7.87-7.90 (1H, d, J
=9 Hz), 8.17-8.19 (2H, d, J = 6 Hz), 8.24 (1H, d); >*C NMR (300
MHz, DMSO-dg) ¢ 55.2 (s, C-4), 68.1 (s, C-3), 116.5 (s, CN), 120.2 (s,
C-4a), 120.8 (s, C-10), 122.7 (s, C-10a), 124.5 (s, C-3', 5"), 125.50 (s,
C-6), 125.9 (s, C-5), 126.7 (s, C-8), 127.7 (s, C-9), 128.9 (s, C-7), 132.2
(s, C-2',6"), 132.9 (s, C-6a), 134.4 (s, C-4'), 146.4 (s, C-1"), 152.9 (C-
10b), 160.3 (C-2). 2-Amino-3-cyano-4-(4-bromophenyl)-4 H-benzo|h]-
chromene (Table 2, entry 2), (4b), Yellow solid: "H NMR (300 MHz,
DMSO-dg) 6 5.20 (s, 1H), 7.09-7.14 (d, 1H, J = 15 Hz), 7.34 (s, 2H),
7.51 (d, 2H), 7.53-7.79 (3H, m), 7.79-7.82 (2H, d, J = 9 Hz), 8.07—
8.12 (1H, d, J = 15 Hz), 8.13-8.19 (1H, d, J = 18 Hz); '>*C NMR (300
MHz, DMSO-dg) 6 55.8 (s, C-4), 68.1 (s, C-3), 117.2 (s, CN), 120.2 (s,
C-4a), 120.6 (s, C-10), 122.7 (s, C-10a), 124.5 (s, C-3’, 5'), 125.1 (s,
C-6), 126.0 (s, C-5), 126.8 (s, C-8), 127.6 (s, C-9), 129.9 (s, C-7), 132.2
(s, C-2',6"), 132.7 (s, C-6a), 134.3 (s, C-4'), 145.0 (s, C-1"), 153.0 (C-
10b), 160.1 (C-2). 2-Amino-3-cyano-4-(4-chlorophenyl)-4 H-benzo[h]-
chromene (Table 2, entry 3), (4c), Yellowsolid: 'H NMR (300 MHz,
DMSO-dg) 6 4.95 (s, 1H), 7.12 (d, 1H), 7.22 (s, 2H), 7.28-7.31 (d, 2H,
J=9Hz), 7.35-7.42 (d, 2H, J = 21 Hz), 7.56-7.65 (m, 3H), 7.88-7.90
(d, 1H, J = 6 Hz), 8.23-8.24 (d, 1H, J = 3 Hz); '3*C NMR (300 MHz,
DMSO-dg) 6 55.8 (s, C-4), 68.1 (s, C-3), 117.3 (s, CN), 120.2 (s, C-4a),
120.6 (s, C-10), 122.7 (s, C-10a), 123.9 (s, C-3', 5), 126.0 (s, C-6),
126.6 (s, C-5), 126.8 (s, C-8), 127.6 (s, C-9), 128.6 (s, C-7), 129.5 (s,
C-2',6"), 131.4 (s, C-6a), 132.7 (s, C-4"), 142.7 (s, C-1"), 144.5 (C-
10b), 160.1 (C-2). 2-Amino-3-cyano-4-(4-methylphenyl)-4 H-benzolh]-
chromene (Table 2, entry 4), (4d), Yellow solid: '"H NMR (300 MHz,
DMSO-dg) 6 2.29 (S, 3H), 4.84 (s, 1H), 6.48-6.57 (d, 1H, J = 27 Hz),
7.03-7.06 (d, 1H, J = 9 Hz), 7.14 (s, 2H), 7.17-7.23 (d, 2H, J = 18
Hz), 7.35-7.46 (d, 2H), 7.54-7.64 (m, 2H), 7.86-7.88 (d, 1H, J = 6
Hz), 8.20-8.24 (d, 1H, J = 12 Hz); '*C NMR (300 MHz, DMSO-dg) &
21.2 (-CH3), 41.1 (s, C-4), 57.0 (s, C-3), 118.7 (s, CN), 121.1 (s, C-4a),
121.3 (s, C-10), 123.3 (s, C-10a), 124.4 (s, C-3', 5’), 128.8 (s, C-6),
127.0 (s, C-5), 127.2 (s, C-8), 127.7 (s, C-9), 128.8 (s, C-7), 131.3 (s,
C-2', 6"), 133.2 (s, C-6a), 136.6 (s, C-4"), 144.5 (s, C-1"), 157.4 (C-
10b), 160.3 (C-2). 2-Amino-3-cyano-4-(4-hydroxyphenyl)-4 H-benzo[h]-
chromene (Table 2, entry 5), (de), Yellow solid: "H NMR (300 MHz,
DMSO-dg) 6 4.87 (s, 1H), 7.07-7.13 (m, 4H), 7.43-7.46 (d, 2H, J =9
Hz), 7.55-7.59 (m, 2H), 7.61-7.63 (d, 1H, J = 6 Hz), 7.85-7.88 (d, 2H,
J =9 Hz), 8.22-8.24 (d, 1H, J = 6 Hz), 8.47 (s, IH); >*C NMR (300
MHz, DMSO-dg) 6 57.0 (s, C-4), 68.7 (s, C-3), 118.6 (s, CN), 121.0 (s,
C-4a), 121.3 (s, C-10), 122.5 (s, C-10a), 124.4 (s, C-3’, 5'), 125.1 (s,
C-6), 126.6 (s, C-5), 126.9 (s, C-8), 127.9 (s, C-9), 129.3 (s, C-7), 131.2
(s, C-2',6"), 132.9 (s, C-6a), 136.6 (s, C-4"), 143.3 (s, C-1"), 146.2 (C-
10b), 160.9 (C-2). 2-Amino-3-cyano-4-(thiophenyl)-4 H-benzo[h]-chro-
mene (Table 2, entry 6), (4f), Yellow solid: '"H NMR (300 MHz,
DMSO-dg) 6 4.78 (s, 1H), 6.85-6.84 (d, 1H, J = 3 Hz), 7.09 (s, 2H),
7.41-7.38 (m, 3H), 7.96-7.94 (d, 3H, J = 6 Hz), 8.31-8.29 (d, 2H, J =
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6 Hz). 2-Amin0-3-cyano-4-(3-br0m01])henyl)-4H-benzo[h]-chromene
(Table 2, entry 7), (4g), Yellow solid: '"H NMR (300 MHz, DMSO-
de) 0 4.95 (s, 1H), 7.10-7.30 (m, 4H), 7.35-7.52 (m, 6H), 7.57-7.61 (d,
1H, J = 12 Hz), 8.22-8.26 (d, 2H, J = 12 Hz); '*C NMR (300 MHz,
DMSO-dg) 0 41.6 (s, C-4), 55.6 (s, C-3), 117.2 (s, CN), 120.7 (s, C-4a),
121.9 (s, C-10), 122.9 (s, C-9), 124.1 (s, C-6), 126.0 (s, C-10a), 126.7 (s,
C-2), 126.9 (s, C-4"), 127.7 (s, C-7), 128.2 (s, C-5), 129.9 (s, C-8),
130.2 (s, C-6"), 131.0 (C-6a), 132.7 (s, C-5'), 142.7 (C-1"), 148.4 (s,
C-3"), 149.0 (s, C-10b), 160.2 (C-2). 2-Amino-3-cyano-4-(2-nitrophe-
nyl)-4 H-benzo[h]-chromene (Table 2, entry 8), (4h), Pale yellow solid:
"H NMR (500 MHz, DMSO-dg) & 4.94 (s, 1H), 7.09 (d, 1H, J = 7.9
Hz), 7.19 (s, 2H), 7.21-7.23 (d, 2H, J = 7.6 Hz), 7.51 (d, 2H, J = 7.33
Hz), 7.59-7.65 (m, 3H), 7.89 (d, 1H, J = 7.7 Hz), 8.23 (d, IH, J = 7.9
Hz); 3C NMR (500 MHz, DMSO-dg) & 56.6, 118.1, 120.9, 121.2,
121.5, 123.59, 124.8, 126.9, 127.6, 127.7, 128.5, 130.8, 132.4, 133.6,
143.6, 145.9, 161.0. 2-Amino-3-cyano-4-(cinnamyl)-4 H-benzo[h]-chro-
mene (Table 2, entry 9), (4i), Yellow solid: '"H NMR (500 MHz,
DMSO-dg) 6 7.24-7.31 (m, 3H), 7.42-7.50 (m, 6H), 7.59-7.62 (d, 2H,
J =9 Hz), 7.75-7.80 (d, 4H, J = 15 Hz), 8.27-8.30 (d, 2H, J = 9 Hz);
13C NMR (500 MHz, DMSO-dg) ¢ 80.9, 108.0, 112.1, 114.1, 118.2,
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121.9, 122.5, 124.4, 126.0, 126.6, 127.3, 12.1, 129.2, 131.8, 134.1,
151.1, 162.0. 2-Amino-3-cyano-4-(2-hydroxy-5-bromophenyl)-
4H-benzolh]-chromene (Scheme-3), Yellow solid: 'H NMR (500
MHz, DMSO-dg) 6 5.19 (s, 1H), 6.79-6.78 (d, 1H, J = 5 Hz), 7.11-
7.22 (dt, 5H), 7.55-7.64 (m, 3H), 7.89-7.87 (d, 1H, J = 10 Hz), 8.23—
8.22 (d, 1H, J = 5 Hz), 10.004 (s, 1H); '*C NMR (500 MHz, DMSO-
dg) 0 54.6 (s, C-4), 64.9 (s, C-3), 117.5 (s, CN), 117.8 (s, C-3"), 120.4 (s,
C-4a), 120.6 (s, C-6), 122.6 (s, C-10), 123.7 (s, C-1"), 125.6 (s, C-8, 5),
126.5 (s, C-9), 126.6 (s, C-10a), 127.5 (s, C-7), 130.5 (s, C-4"), 131.3 (s,
C-5"), 132.6 (s, C-6a), 134.1 (s, C-6"), 142.8 (s, C-10b), 154.0 (s, C-2'),
160.7 (C-.
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