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5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-carbonitrile derivatives (4a-1) show potent in-vitro
anti-inflammatory activity. All synthesized compounds were characterized by FTIR, 'H NMR,
13C NMR and mass spectroscopic data & elemental analysis.

1. Introduction

Recently, twelve principles of green chemistry have been considered as important factors in the
field of organic synthesis due to environment pollution issues. Organic synthetic field is one of the
environment pollution contributors. A number of chemical and pharmaceutical industries release
hazardous gases and water by using hazardous materials, during their step reactions while
manufacturing processes. However, researchers adopt green synthetic routes for synthesis purposes in
the view of principles of green chemistry.! One pot multi-components (MCRs) condensation is one of
the major routes to reduce the environmental pollutions, energy, reaction time and quantity of initial
materials at the time of organic synthesis.?Also, green solvents and catalysts reduce pollutions and they
are easily available and inexpensive. In organic synthesis, excellent yields occur in water due to great
polarity of water.> What have attracted us in synthesis of 4H-chromene-3-carbonitrile derivatives is
their medicinal properties that includes antibacterial, anticancer, anticoagulant, diuretic,
antianaphylactin, spasmolytic, and anti HIV agent.*® Also, their use to neuro degeration diseases such

as Parkinson’s, down’s syndrome, schizophrenia, alzheimer’s and AIDS are associated with dementia
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diseases.” Furthermore, these derivatives are broadly employed as cosmetic agents, food additives and
potential biodegradable agrochemicals.® From the details of literature, the derivatives of 4H-chromene-
3-carbonitrile have been synthesized by using catalysts such as TBABr,’ I> and K2CO3, ' RE(PFO)3, !
DBUJ[Ac],'> HTMAB,"’ TEBA,'* DBSA,"> KF/AL203,'® K4POs,!” TBAF,'!® MCM-41-NH>," MgO, '8 2°
triethylamine,?! piperidine,?>* (NH4)HPOa4,?* efc. in different solvents. Also, different methods have
been used such as microwave and ultrasonication,?*’ for its synthesis.

Sonochemistry is one the best applications of ultrasound for chemical reaction and synthesis. Huge
number of studies have been done on fundamental of sonochemistry by Luche & co-workers.?*?

Recently, ultrasonic method has been widely used in the field of organic synthesis*** as it improves
the product of yield and selectivity, shorter reaction time and milder reaction condition.**3¢ Herein, we
synthesized substituted 4H-chromene-3-carbonitrile in one pot by using extract of orange juice as a
catalyst without solvent under ultrasonication and reflux technique.

2. Result and Discussion

Although malononitrile has been extensively used in knoevenagel condensation reaction, but there
are limited examples of 4H-chromene-3-carbonitrile derivatives synthesized from such reaction.
Present work, describes a mild and efficient approach for a synthesis of 4H-benzo[b]pyren derivatives
via knoevenagel condensation using orange extract as a catalyst as well as solvent with moderate to
excellent yield. This reaction was firstly examined by stirring a mixture of benzaldehyde (1e),
Malononitrile (2), dimedone (3) with orange extract (3ml) at room temperature in ethanol for 2 hrs
(Table 1). a-cyanocinnamonitrile (5) was generated, in situ by the interaction of malononitrile and
aromatic aldehydes, but final product was not observed. Then, the same reaction was performed in
refluxing C2HsOH for 30 minutes at 110 °C and 65 % product was observed. The same reaction was
stirred, but without solvent, for 2 hrs at 80 °C, yielded 50 % final product. Then, once again the same
reaction was refluxed without solvent for 30 minutes at 110 °C and 79 % final product was observed.
The results have shown the significant effect of temperature on the improvement of reaction product;
hence, we examined all different aldehydes through entry 4 (Table 1) due to suitable condition for
method-A. Further, we performed similar experiment under ultrasonic irradiation technique with
C2HsOH at room temperature for 2 h, and 60 % was final product yield. At, changed temperature
(70°C), this reaction completed in 30 minute and yield was 90 % final product. Similar reaction
examined without solvent for 30 minutes, yielded 92 % final product. Thus, we observe the effect of
C:Hs0H, without solvent and mainly ultrasonic irradiations on product of yields (Table 1). From the
results above, it has been shown that benzaldehyde (1a); Malononitrile (2) and dimedone (3) with
orange extract (3ml) at 70°C under ultrasonic irradiations presented an efficient procedure in the terms
of excellent yield in shorter reaction time (method-B) (Table 1).

Orange juice

CHO cefwt 77004
_ <CN (Method-A)
+
R— || + “cn
°C
(1a-) (2) (3) (1)\)4)é’tho7<1(.)}3) (4a-l)

Scheme 1. Synthesis of 4H-chromene-3-carbonitrile derivatives via method-A and method-B
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Table 1. Effect of methods, solvents and temperature on model reaction for synthesis of4H-chromene-
3-carbonitrile derivatives.

Entry Method Solvent Temp. (°C) Time (min.) Yield (%)

1 Stirring C2HsOH I. t. 120 -

2 Refluxing C:HsOH 110 30 65
3 Stirring - 80 120 50
4 Refluxing - 110 30 79
5 Ultrasound C2HsOH r. t. 120 60
6 Ultrasound C2HsOH 70 30 90
7 Ultrasound - 70 30 92

2 Reaction condition : Benzaldehyde (1mmol), malononitrile (1mmol), dimedone (1mmol) and orange extract (3 ml).
“Isolated yields.

We examined different varieties of aromatic aldehydes (1a-1) conventional as well as ultrasonic
irradiation techniques (Table 2), promoted catalytic Knoevenagel condensation reaction and Michael
addition reaction. In every case ultrasonic irradiation improved the yields and the reactions time, but
in refluxing case, long time was required for complete reactions. In method —B, products of yields were
excellent compared to method-A due to ultrasonic effect and orange juice containing polar water
molecules (Table 2).

Table 2. Synthesis of 4H-chromene-3-carbonitrile derivatives through conventional and ultrasound
irradiations techniques.

Method-A Method-B
Entry Ar Prod. Time (min)  Yield (%)° Time Yield (%)¢
(min)
1 0-OCH;3-m-OCH3-CgH3 4a 40 80 25 92
2 m-OH-p-OH-C¢H3 4b 35 79 23 91
3 p-CN-CeH,4 4c 33 83 18 96
4 m-OH-p-OCH3-CeHj3 4d 46 81 19 93
5 C¢Hs 4e 43 79 20 92
6 m-Br-C¢Hy 4f 47 81 22 89
7 p-CH3-CsHq 4g 30 78 30 94
8 p-Cl-CeHy 4h 37 82 25 95
9 p-NO»-CsHa 4i 31 85 16 96
10 p-F-CeH4 4j 52 80 30 93
11 p-OCH3-CsHy 4k 43 78 29 94
12 p-OH-CgHy 41 39 81 25 91

2Reaction condition : Aromatic aldehydes (1mmol), malononitrile (1mmol), dimedone (1mmol), orange extract(3
ml)(Method A- reflux at 110°C and Method B - Ultrasonic irradiation at 70°C). & “Isolated yield.

In continue, the effect of electron withdrawing, electron releasing, and halogen groups in different
positions on ring of aromatic aldehydes in the synthesis of 4H-chromene-3-carbonitrile derivatives (4a-
1) were studied and illustrated in Table 2. Aldehyde bearing electron withdrawing groups decreased
the reaction time with slightly increased the percentage of yields and electron releasing groups
increased the reaction times no outstanding effect on the percentage of yields due to ultrasonic effect
with aldehyde groups containing electrophilic nature. Consequently, this protocol gives the desired
products in good yields and in relatively short reaction times (Table 2).

In these works, ultrasonic effect is a major factor observed on each reactions of ultrasonic method,
method-B (ultrasonic) gave excellent yields of each products within 30 minutes compared to method-
A (refluxing) (Table 2).
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Scheme 2. Possible mechanisms for synthesis of 4H-chromene-3-carbonitrile derivatives via
Knoevenagel condensation and Michael addition reaction route.

Initially in this synthesis formation of a-cyanocinnamonitrile (5), from condensation of aromatic
aldehydes (1a-1) with malononitrile (2) occured. Then, addition of dimedone (3) and a-
cyanocinnamonitrile (5) to form intermediate (6) was set by Michael addition reaction and finally,
intermediate (6) compound was cyclized by orange juice as a Lewis acid catalyst and to afford 4H-
chromene-3-carbonitrile compound (4a-1) (Scheme 2).

Anti-inflammatory activity
All experimented 4H-chromene-3-carbonitrile compounds (4a-1) were displayed in-vitro anti-
inflammatory activity and it was tested by ‘HRBC membrane stabilization method’. The results are

shown in (Table 3, Fig. 1).

Table 3. In-vitroAnti-inflammatory activity of synthesized 4H-benzo[b]pyren compounds (4a-1)

Entry Prod. (%) (%) Entry Prod. (%) (%)
hemolysis protection hemolysis protection

1. 4a 11.88 88.12 e 4h 18.22 81.78

2. 4b 14.94 85.06 8. 4i 16.15 83.85

3. 4c 13.05 86.95 9. 4 22.59 81.72

4. 4d 12.55 87.45 10. 4k 11.14 88.86

S. 4e 10.41 89.59 11. 41 15.64 84.36

6. 4f 18.33 81.67 12. Ref. 22.45 77.54

7. 4g 16.26 81.74

All 4H-chromene-3-carbonitrile compounds (4a-1) displayed great potential in—vitro anti-
inflammatory activity. What notifying was, (5J) = [22.59 %] of (4a-l) derivatives, displayed higher
anti-inflammatory activity than the standard Dichlorofenac = [22.45 %] (Table 3 and Fig. 1). Fig. 1.
Shows the In-vitro Anti-inflammatory activity of synthesized 4H-chromene-3-carbonitrile compounds
(4a-1).
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Fig. 1. In-vitro Anti-inflammatory activity of synthesized 4H-chromene-3-carbonitrile compounds
(4a-1)

All synthesized compounds were purified by pure ethanol and characterized by FTIR, 'H NMR, *C
NMR and mass spectroscopic data.

3. Conclusion

We conclude that, the discovered method is a simple & eco-friendly for synthesis of synthesis 2-
amino-4-(R)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-carbonitrile derivatives (4a-l).
Using this method, we obtain pure, single product and increase the quantity of products yields.
Synthesized 2-amino-4-(R)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile
derivatives (4a-1) show potent in-vitro anti-inflammatory activity.

4. Material and Methods

4.1 General Methods

All A. R. grade chemicals were purchased from Sigma Aldrich and Avra chemical lab. All reactions
were examined in Ultrasonication (frequency of 50 Hz and power of 250 V AC, 5.5 L) at 70°C
temperature. Melting points were recorded on open capillary tube. 'TH NMR spectra were recorded on
Bruker (400 MHz) and '*C NMR spectra were recorded on Brucker (100 MHz) in DMSO solvent using
MeasSi as an internal standard. Mass spectra were recorded on Micromass -QUATTRO-II of WATER
mass spectrometer and IR spectra were recorded on Perkin-Elmer spectrometer.

4.2 General procedure for synthesis of 4H-chromene-3-carbonitrilederivatives

We have taken freshly one orange, crushed, compressed in cotton cloth in centrifuge tube and
centrifuged. Collect supernent clear liquid and measured its pH by pH-meter. This was used for
catalytic purpose. A mixture of aromatic aldehydes (1a-1) (Immol), Malononitrile (2) (1mmol),
dimedone (3) (Immol) and orange juice (3 ml) was taken in one pot (Scheme 1). Reaction pot was
irradiated at 70 °C in ultrasonic bath as well as same reaction mixture was refluxed at 110 °C. Ultrasonic
bath temperature was regulated by adding cold water time to time. After changing some physical



48

properties of mixture, reaction condition was checked by TLC using 7:3 solvent ratio (n-hexane:ethyl
acetoacetate). After completion of reaction, mixture was poured in crushed ice containing beaker while
stirring, and filtered through a small sintered glass funnel. Product was washed with 10 ml cold water
and dry and finally, recrystallized using pure ethanol.

4.3 Biological study: Anti-inflammatory activity

All synthesized 4H-chromene-3-carbonitrile compounds (4a-1) were tested for In vitro anti-
inflammatory activity by ‘HRBC membrane stabilization method’.>”*°
Protocol - The fresh blood was collected from a healthy human volunteer who had not taken any
NSAIDS for 2 weeks prior to the experiment, mixed with an equal volume of Alsever’s solution (2%
dextrose, 0.8% sodium citrate, 0.5% citric acid, and 0.42% NaCl), and centrifuged at 3,000 rpm. The
packed cells were washed with isosaline, and a 10% suspension was made. Various concentrations of
samples were prepared (05, 25, 50, 100 and 250 ppm) using distilled water, and to each concentration
1 mL of phosphate buffer, 2 mL hyposaline, and 0.5 mL of HRBC suspension were added. It was
incubated at 37°C for 30 min and centrifuged at 3,000 rpm for 20 minutes. The hemoglobin content of
the supernatant solution was estimated spectrophotometrically at 560 nm. Dichlorofenac sodium was
used as standard and distilled water as control in this study. Where the blood control represents 100%
hemolysis or zero percent stability, the percentage of HRBC hemolysis calculated by formula:
The percentage of hemolysis of HRBC membrane as calculated as follows,

% of Hemolysis =(0.D. of test sample + O.D. OF control) x 100

The percentage of HRBC membrane stabilization was calculated as follow,
% of Protection = 100 — (O.D. of test sample + O.D. OF control) x 100.
4.4. Mechanistic role under ultrasonic irradiation

The chemistry in liquid medium via pressure waves is sonochemistry. When sonic waves are
propagated through a liquid medium, vibrational motions are induced via an alternating compression
and rarefaction cycles. When rarefaction cycle surpasses the attractive intermolecular van der Waals
forces of attraction between the molecules of the liquid medium, it breaks and leads to cavitation. The
micro bubbles stretch, oscillate around their mean position and expand. Since these bubbles are
unstable, they implode releasing super high temperature and pressure in short duration which can never
be achieved by traditional methods. This in turn sets the platform for the molecular fragmentation and
generation of highly reactive species (chemical effects of ultrasound) which are responsible to trigger
and enable the reaction in homogeneous solutions. The transmission of ultrasonic energy is higher in
the case of water and also the occurrence of cavitation in water is faster in comparison to other solvents.

4.5. Spectral data

2-amino-4-(2,5-dimethoxyphenyl)-7, 7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4H-chromene-3-
carbonitrile (4a)

M. P.: 210- 212 °C. IR (KBr): v = 3351, 3256, 3196, 2962, 2191, 1662, 1213, 1141 cm™'. '"H NMR
(DMSO-ds,400 MHz): 6 =6.97 (s, 2H), 6.92 — 6.87 (m, 2H), 6.79 (dd, J = 8.4, 2.2 Hz, 1H), 5.54 (t, ]
= 1.1 Hz, 1H), 3.84 (s, 3H), 3.78 (s, 3H), 2.42 (dd, ] = 1.9, 1.0 Hz, 2H), 2.25 (d, J = 16.1 Hz, 1H), 2.09
(d, I=16.1 Hz, 1H), 1.00 (d, J = 4.0 Hz, 7H). '*C NMR (DMSO-ds, 100 MHz): § = 198.37, 162.62,
159.42,154.41, 152.53, 129.93, 119.07, 115.59, 115.08, 114.28, 113.04, 57.60, 55.62 (d, J = 1.0 Hz),
50.11, 39.71, 33.70, 31.98, 27.88. Mass (m/z) : Calculated 354.16, Founded 355.10. Anal. Cal. for
C20H22N204 : C, 67.78, H, 6.26, N, 7.90, O, 18.06 %. Found : C, 67.10, H, 6.32, N, 8.00 %.
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2-amino-4-(3,4-dihydoxyphenyl)-7, 7-dimethyl-5-0xo0-5,6,7,8-tetrahydro-4H-chromene-3-
carbonitrile (4b)

M. P.: 216- 218 °C. IR (KBr): v = 3390, 3281, 3163, 2189, 1662, 1238, 1178 cm™'. 'H NMR (DMSO-
ds, 400 MHz): 6 =8.29 (s, 1H), 6.97 (s, 2H), 6.83 — 6.77 (m, 2H), 6.73 (dd, J = 9.3, 2.0 Hz, 1H), 6.29
(s, IH), 5.56 — 5.52 (m, 1H), 2.43 (dd, J =1.8, 1.1 Hz, 2H), 2.25 (d, J = 16.1 Hz, 1H), 2.09 (d, J = 16.1
Hz, 1H), 1.00 (d, J = 4.0 Hz, 7H). *C NMR (DMSO-ds, 100 MHz): 6 = 195.85, 163.09, 158.55, 145.67,
145.24, 136.75, 121.22, 119.78, 115.61 (d, J = 17.2 Hz), 114.05, 58.33, 50.09, 39.83, 37.77, 31.98,
27.88. Mass (m/z): Calculated 326.13, Founded 327.00. Anal. Cal. For C1sH1sN204 : C, 66.25, H, 5.56,
N, 8.58, O, 19.61 %. Found: C, 66.30, H, 6.42, N, 8.72 %.
2-amino-4-(4-cynophenyl)-7,7-dimethyl-5-o0x0-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (4c)
M. P.: 228- 230 °C. IR (KBr): v = 3440, 3358, 2190, 1689, 1216, 1156 cm™'. "H NMR (DMSO-de,400
MHz): 6=7.69 —7.63 (m, 3H), 7.51 — 7.45 (m, 3H), 6.97 (s, 3H), 5.61 (t, ] = 0.9 Hz, 1H), 2.43 (dd, J
= 1.8, 1.1 Hz, 2H), 2.25 (d, J = 16.1 Hz, 1H), 2.09 (d, J = 16.1 Hz, 1H), 1.00 (d, J = 4.0 Hz, 8H). '*C
NMR (DMSO-ds, 100 MHz): 6 = 195.72, 162.40, 158.60, 145.50, 139.32, 132.56, 129.14, 119.86,
118.11, 113.07, 58.34, 50.09, 39.83, 37.24, 31.98, 27.88. Mass (m/z) :Calculated 319.13, Founded
320.00. Anal. Cal. For Ci9H17N3O2 : C, 71.46, H, 5.37, N, 13.16, O, 10.02 %. Found: C, 71.50, H,
5.25,N, 13.21 %.
2-amino-4-(3-hydroxy,4-methoxyphenyl)-7,7-dimethyl-5-0xo-5,6,7,8-tetrahydro-4H-chromene -3-
carbonitrile (4d)

M. P.: 236- 238 °C. IR (KBr): v = 3350, 3256, 3193, 2960, 2228, 2192, 1668, 1214, 1141 cm™. 'H
NMR (DMSO-ds,400 MHz): 8 = 6.97 (s, 3H), 6.89 — 6.79 (m, 4H), 5.98 (s, 1H), 5.56 — 5.52 (m, 1H),
3.83 (s, 4H), 2.43 (dd, J = 1.8, 1.1 Hz, 2H), 2.25 (d, J = 16.1 Hz, 1H), 2.09 (d, J = 16.1 Hz, 1H), 1.00
(d, J = 4.0 Hz, 8H). *C NMR (DMSO-ds, 100 MHz): § = 195.85, 163.09, 158.55, 147.90, 146.83,
138.19, 120.85, 119.78, 115.29, 114.05, 113.13, 58.33, 56.21, 50.09, 39.83, 37.68, 31.98, 27.88. Mass
(m/z): Calculated 340.14, Found 341.05. Anal. Cal. For Ci19vH20N204: C, 67.05, H, 5.92, N, 8.23, O,
18.80 %. Found: C, 67.30, H, 6.00, N, 8.25 %.
2-amino-4-(phenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (4e)

M. P.: 225- 227 °C. IR (KBr): v = 3389, 3328, 2197, 1677, 1214, 1138 cm™'. "H NMR (DMSO-de,400
MHz): 8 =7.33 — 7.26 (m, 3H), 7.23 — 7.17 (m, 4H), 6.97 (s, 2H), 4.14 (t, ] = 0.8 Hz, 1H), 2.43 (dd, J
= 1.8, 1.1 Hz, 2H), 2.25 (d, ] = 16.1 Hz, 1H), 2.09 (d, ] = 16.1 Hz, 1H), 1.00 (d, J = 4.0 Hz, 8H). '*C
NMR (DMSO-ds, 100 MHz): 6 = 195.72, 162.40, 158.60, 144.83, 128.68, 128.44, 127.29, 119.86,
113.06, 58.27, 50.09, 39.83, 35.63, 31.98, 27.88. Mass (m/z) :Calculated 294.14, Found 294.30. Anal.
Cal. For CisH1sN202: C, 73.45, H, 6.16, N, 10.78, O, 10.78 %. Found: C, 73.50, H, 6.09, N, 10.80 %.
2-amino-4-(3-bromophenyl)-7,7-dimethyl-5-oxo-5,6, 7,8-tetrahydro-4 H-chromene-3-carbonitrile
(4P

M. P.: 230- 232 °C. IR (KBr): v = 3341, 3399, 2190, 1676, 1215, 1138 cm™'. "H NMR (DMSO-ds, 400
MHz): 6 =7.55-7.51 (m, 1H), 7.41 (dt, J =7.7, 1.7 Hz, 1H), 7.36 — 7.25 (m, 3H), 6.97 (s, 3H), 5.56
(t,J=09 Hz, 1H), 2.43 (dd, J = 1.8, 1.1 Hz, 2H), 2.25 (d, J = 16.1 Hz, 1H), 2.09 (d, J = 16.1 Hz, 1H),
1.00 (d, J = 4.0 Hz, 8H). 3C NMR (DMSO-ds, 100 MHz): § = 195.85, 163.09, 158.55, 145.19, 132.15,
132.07, 130.32, 127.59, 123.71, 119.79, 112.83, 58.18, 50.09, 39.83, 37.38, 31.98, 27.88. Mass (m/z):
Calculated 372.05, Found 372.50. Anal. Cal. For C1sH17BrN20z2: C, 57.92, H, 4.59, Br, 21.41, N, 7.51,
0, 8.57 %. Found: C, 57.90, H, 4.68, N, 7.49 %.
2-amino-4-(4-methylphenyl)-7,7-dimethyl-5-0xo0-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile
(4g)

M. P.: 212- 214 °C. IR (KBr): v = 3384, 3332, 2190, 1676, 1213, 1139 cm™'. "H NMR (DMSO-ds,400
MHz): 6 = 7.22 — 7.16 (m, 2H), 7.10 — 7.04 (m, 2H), 6.97 (s, 2H), 5.63 — 5.59 (m, 1H), 2.43 (dd, J =
1.8, 1.1 Hz, 2H), 2.25 (d, J = 16.1 Hz, 1H), 2.09 (d, J = 16.1 Hz, 1H), 1.00 (d, J = 4.0 Hz, 7H). 1*C
NMR (DMSO-ds, 100 MHz): & = 195.72, 162.40, 158.60, 141.43, 137.11, 129.34, 128.00, 119.86,
113.07, 58.35, 50.09, 39.83, 36.95, 31.98, 27.88, 21.07. Mass (m/z) :Calculated 308.15, Founded
309.00. Anal. Cal. For Ci19H20N202: C, 74.00, H, 6.54, N, 9.08, O, 10.38 %. Found: C, 74.20, H, 6.58,
N, 8.96 %.
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2-amino-4-(4-chlorophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-carbonitrile
(4h)

M. P.: 205- 207 °C. IR (KBr): v = 3351, 3256, 3182, 2959, 2228, 2190, 1671, 1214, 1140 cm™'. 'H
NMR (DMSO-de,400 MHz): 6 =7.41 — 7.35 (m, 3H), 7.25 - 7.19 (m, 3H), 6.97 (s, 3H), 5.61 (t,J = 0.9
Hz, 1H), 2.43 (dd, J = 1.8, 1.1 Hz, 2H), 2.25 (d, J = 16.1 Hz, 1H), 2.09 (d, J = 16.1 Hz, 1H), 1.00 (d, J
= 4.0 Hz, 8H). *C NMR (DMSO-ds, 100 MHz): § = 195.72, 162.40, 158.60, 141.95, 131.59, 129.43,
128.74, 119.86, 112.88, 58.34, 50.09, 39.83, 36.68, 31.98, 27.88. Mass (m/z) :Calculated 328.10,
Founded 328.35. Anal. Cal. for CisH17CIN202: C, 67.75,H, 5.21,Cl, 10.78, N, 8.52, O, 9.73 %. Found:
C, 67.69, H, 5.45, N, 8.61 %.
2-amino-4-(4-nitrophenyl)-7,7-dimethyl-5-0xo0-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (4i)
M. P.: 178- 180 °C. IR (KBr): v = 3435, 3356, 2189, 1688, 1217, 1154 cm™'. "H NMR (DMSO-ds,400
MHz): 8 =8.17 — 8.11 (m, 2H), 7.45 — 7.39 (m, 2H), 6.97 (s, 2H), 4.35 (t, J = 0.8 Hz, 1H), 2.43 (dd, J
= 1.8, 1.1 Hz, 2H), 2.25 (d, J = 16.1 Hz, 1H), 2.09 (d, J = 16.1 Hz, 1H), 1.00 (d, J = 4.0 Hz, 7H). '*C
NMR (DMSO-ds, 100 MHz): & = 195.72, 162.40, 158.60, 152.08, 147.08, 126.90, 124.07, 119.86,
113.51, 58.31, 50.09, 39.83, 35.65, 31.98, 27.88. Mass (m/z) :Calculated 339.12, Found 340.05. Anal.
Cal. for CisH17N30a: C, 63.71, H, 5.05, N, 12.38, O, 18.86 %. Found: C, 64.00, H, 5.00, N, 12.40 %.
2-amino-4-(4-flurophenyl)-7,7-dimethyl-5-oxo-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (4j)
M. P.: 192- 194 °C. IR (KBr): v = 3378, 3242, 2195, 1679, 1212, 1145 cm™'. "H NMR (DMSO-ds,400
MHz): 8 =7.39 — 7.32 (m, 3H), 7.15 - 7.07 (m, 3H), 6.97 (s, 3H), 5.61 (t,J = 0.9 Hz, 1H), 2.43 (dd, J
= 1.8, 1.1 Hz, 2H), 2.25 (d, J = 16.1 Hz, 1H), 2.09 (d, J = 16.1 Hz, 1H), 1.00 (d, J = 4.0 Hz, 8H). '*C
NMR (DMSO-ds, 100 MHz): 6 = 195.72, 162.98, 162.40, 161.01, 158.60, 140.02 (d, J = 3.8 Hz),
129.88, 129.81, 119.86, 115.82, 115.64, 112.87, 58.32, 50.09, 39.83, 36.83, 31.98, 27.88. Mass (m/z):
Calculated 312.13, Founded 313.00. Anal. Cal. for CisH17FN202: C, 69.22, H, 5.49, F, 6.08, N, 8.97,
0, 10.24 %. Found: C, 69.35, H, 5.53, N, 9.00 %.
2-amino-4-(4-methoxyphenyl)-7,7-dimethyl-5-0xo0-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile
(4k)

M. P.: 201- 202 °C. IR (KBr): v = 3380, 3240, 2194, 1681, 1213 cm™'. '"H NMR (DMSO-ds,400 MHz):
6=7.07-17.01 (m, 1H), 6.97 (s, 1H), 6.86 — 6.80 (m, 1H), 4.08 (t, J = 0.9 Hz, OH), 3.80 (s, 1H), 2.43
(dd, J=1.8, 1.1 Hz, 1H), 1.00 (d, J = 4.0 Hz, 3H). '*C NMR (DMSO-ds, 100 MHz): = 195.72, 162.40,
158.60, 156.22, 136.87, 128.43, 119.86, 113.57, 113.02, 58.31, 55.35, 50.09, 39.83, 34.79, 31.98,
27.88. Mass (m/z) :Calculated 324.15, Founded 324.70. Anal. Cal. for C19H20N203: C, 70.35, H,
6.21, N, 8.64, O, 14.80 %. Found: C, 71.00, H, 6.80, N, 8.80 %.

2-amino-4-(4-hydroxyphenyl)-7, 7-dimethyl-5-oxo-5, 6, 7,8-tetrahydro-4H-chromene-3-carbonitrile
4)

M. P.: 204- 206 °C. IR (KBr): v = 3391, 3283, 3161, 2192, 1666, 1240, 1180cm'. '"H NMR (DMSO-
ds,400 MHz): 6 = 6.97 (s, 2H), 6.95 — 6.89 (m, 2H), 6.69 — 6.63 (m, 2H), 4.08 (t, J = 0.8 Hz, 1H), 2.43
(dd,J=1.8, 1.1 Hz, 2H), 2.25 (d, J = 16.1 Hz, 1H), 2.09 (d, J = 16.1 Hz, 1H), 1.00 (d, J = 4.0 Hz, 6H).
BC NMR (DMSO-ds, 100 MHz): § = 195.72, 162.40, 158.60, 155.93, 135.12, 128.54, 119.86, 115.37,
113.02, 58.31, 50.09, 39.83, 34.81, 31.98, 27.88. Mass (m/z) :Calculated 310.13, Founded 311.00.
Anal. Cal. for CisHisN20s: C, 69.66, H, 5.85, N, 9.03, O, 15.47 %. Found: C, 70.00, H, 6.10, N, 8.90
%.
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