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Synthesis and antimicrobial activities of 2-substituted
12H-chromeno[3,2-e][1,2,4]triazolo[1,5-clpyrimidines,
3-ethoxycarbonyl-12H-chromenol[3,2-€][1,2,4]triazolo[1,5-c]
pyrimidine-2-one and ethyl 2-formylamino- and
2-acetylamino-4H-chromene-3-carboxylates
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Preparation of 2-substituted 9-(diethylamino)-12-(4-chlorophenyl)-12H-chromeno[3,2-€][1,2,4]triazolo[1,5-c]pyrimi-
dines is reported. Furthermore, 3-benzylideneamino-5-(4-chlorophenyl)-8-(diethylamino)-4-imino-3,4-dihydro-5H-
chromeno(2,3-dlpyrimidine, 3-ethoxycarbonyl-12H-chromeno[3,2-¢][1,2,4]triazolo[1,5-c]pyrimidine-2-one, ethyl 2-
formylamino- and 2-acetylamino-4H-chromene-3-carboxylates were prepared. Structures of these compounds
were established on the basis of IR, UV, '"H NMR, *C NMR and MS data. The new compounds were evaluated for

antimicrobial activities.
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4H-Chromenes and fused 4H-chromenes nuclei are often
found in biologically active molecules and are widely used as
antileishmanial,'= antitumour,®’ antiproliferative and antitubu-
lin,® antiarrhythmic,’ hypolipidaemic,'*!! and antidepressant
agents,'? as well as for the treatment of Alzheimer's disease
and schizophrenia.'*!* In addition they function as inhibitors
of influenza virus sialidases.!>!® They also exhibit anti-inflam-
matory,'”* DNA stand-breaking, mutagenic,? antiviral,? anti-
coagulant ! and analgesic activities*=* and also act as sex
pheromone homologues.*® The present study is a part of our
research programme*** directed towards the synthesis of
novel 4H-chromene and fused 4H-chromene derivatives using
[-enaminonitriles and f-enaminocarboxylic esters and their
use as building blocks in the synthesis of novel fused
chromenes; with the aim of evaluating their antimicrobial
activities. Treatment of 3-(diethylamino)phenol 1 with a-
cyano-p-chlorocinnamonitrile 2a in ethanolic piperidine
afforded  2-amino-4-(4-chlorophenyl)-7-(diethylamino)-4H-
chromene-3-carbonitrile 3a,> while treatment of 1 with ethyl
o-cyano-p-chlorocinnamate 2b under the same conditions
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gave ethyl 2-amino-4-(4-chlorophenyl)-7-(diethylamino)-4H-
chromene-3-carboxylate 3b% (Scheme 1). Treatment of 3a
with triethyl orthoformate in acetic anhydride at reflux gave
the corresponding 2-ethoxymethyleneamino-4H-chromene-
3-carbonitrile 4 (Scheme 1). Hydrazinolysis of 4 in ethanol
at room temperature afforded 3-amino-5-(4-chlorophenyl)-
8-(diethylamino)-4-imino-3,4-dihydro-5H-chromeno
[2,3-d]pyrimidine 5% (Scheme 1).

The imino compound 5 proved to be a useful intermediate
for the synthesis of a variety of 2-substituted 12H-chro-
meno(3,2-¢][1,2,4]triazolo[ 1,5-c]pyrimidine derivatives. Thus,
treatment of 5 with either formic acid, methyl formate or tri-
ethyl orthoformate in dry benzene at reflux provided the
tetracycle 6a. In a similar manner, acylation of § with acetyl
chloride or acetic anhydride gave the 2-methyltriazolopyrimi-
dine 6b, whilst condensation with ethyl cyanoacetate and with
diethyl oxalate afforded 6¢ and 6d respectively. Aroylation
of 5 with benzoyl chloride in refluxing benzene proceeded
readily to give the 2-phenyl derivative 6e (Scheme 2).
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Structures 6a—e were established on the basis of spectral
data and in conjunction with our previous work.*'#” The IR
spectra showed the absence of NH, and NH absorptions and
the presence of a CN band at v 2260 cm™ for 6¢ and a CO band
at v 1747 cm™ for 6d. The 'H and " C NMR spectra of 6a
showed signals at & 8.20 (s, 1H. H-2) and 154.34 (C-2). Char-
acteristic resonances were observed at 6 2.41 (s, 3H, CH;) and
14.21 (CH,;) for 6b and at 6 3.30 (s, 2H, CH,) and 25.81 (CH,)
for 6¢. In compound 6d the ester group gave 'H signals at
4.55(q,2H, CH,, J=7.1 Hz) and 1.48 (t, 3H, CH;, /= 7.1 Hz)
with the corresponding signals in the "*C spectrum at 62.73
and 14.23 ppm respectively.

Condensation of § with benzaldehyde afforded the open
chain product 3-(benzylideneamino)-chromeno[2,3-d]pyri-
midine derivative 7 (Scheme 3). Cyclisation of 7 in 1,4-
dioxane-piperdine solution under reflux*’ afforded the cyclo-
addition product 6e, which can also be obtained as described
above from the aroylation of § with benzoyl chloride (m.p.
and mixed m.p.) (Scheme 3). Structure 7 was established on
the basis of its IR spectrum, which showed the absence of NH,
bands and the presence of an NH absorption at v 3349 cm™'.
The 'H and '* C NMR spectra of 7 showed signals at & 8.97
(s, 1H, N=CH) and 154.56 ppm (N=CH).

Interaction of 5 with ethyl chloroformate in dry benzene
at reflux afforded a 1:2 adduct, 3-ethoxycarbonyltriazolopy-
rimidine-2-one 11 instead of the 1:1 adduct, triazolopyrimi-
dine-2-one 10 (Scheme 4).

The formation of 11 is assumed to proceed via interaction
of 5 with one mole of ethyl chloroformate with elimination
of HCI to yield the intermediate 9, which then cyclised to
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the non-isolable compound 10 via elimination of EtOH.
Intermediate 10 is reacted with another mole of ethyl chloro-
formate with elimination of HCI to give 11. Alternatively,
interaction of § with two moles of ethyl chloroformate with
elimination of HCI yields the intermediate bis-(ethoxycar-
bonyl) derivative 8, which then cyclises to 11 with elimination
of ethanol (Scheme 4).

The structure of 11 was established on the basis of its IR
spectrum, which showed the absence of NH, and NH bands
and the presence of two CO groups at v 1759 and 1736 cm™.
The 'H and ® C NMR spectra of 11 revealed the presence
of signals at 4.48 (q, 2H, CH,, J = 7.5 Hz), 1.40 (t, 3H, CH,,
J=7.5Hz) and 155.49 (CO) and 154.90 ppm (CO ester).

Treatment of 3b with triethyl orthoformate in acetic anhy-
dride at reflux afforded a mixture of the 2-formylamino deriva-
tive 12, together with the 2-acetylamino compound 13, rather
than the imidate® 16 (Scheme 5). The 2-acetyl derivative 13
was separated from the filtrate of the reaction mixture.

The structure of 12 was established on the basis of its
IR spectrum which showed two NH bands at v 3251 and 3217
as well as C=0 absorptions at v 1700 and 1677 cm™'. The 'H
NMR spectrum of 12 revealed the presence of signals for
the formamido group at 6 10.85 (d, 1H, CHO, J =10 Hz), 9.14
(d, 1H, NH, J = 10 Hz), whilst the *C NMR spectrum showed
two carbonyl signals at § 168.09 (CO ester) and 159.80 ppm
(CO). The '* C NMR - DEPT spectrum at 45°, 90° and 135° of
12 (Figure 1) provided additional evidence in support of the
proposed structure.

Hydrazinolysis of 12 in ethanol at room temperature gave
the addition product 14, from which formic acid hydrazide
was eliminated to gave the f-enaminoester®® 3b (m.p. and
mixed m.p.) rather than the pyrimidine-4-one derivative 153
(Scheme 5).

The formation of 12 from 3b can be rationalised through the
initial product 17 of the addition of H,O to ethoxymethylenea-
mino group (-N=CHOEt) of the non-isolable intermediate 16,
from which elimination of ethanol affords 12 (Scheme 5).

Antibacterial activities

The newly synthesised compounds 6a—e, 7 and 11-13 were
tested in vitro for their antimicrobial activities® by the
agar diffusion method using Mueller—Hinton agar medium for
bacteria and Sabouraud’s agar medium for fungi. The microor-
ganisms tested were obtained from the culture collection at
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Fig. 1
DEPT 90° CH only up. (d) *CMR/DEPT 45° CH, CH, and CH; up.

the Microbiology Laboratory, National Organization for Drug
Control and Research (NODCAR). The assayed collection
included two gram-negative (Bordetella bronchiseptica ATCC
4617 and Escherichia coli ATCC 14169) and four gram-
positive (Bacillus pumilus ATCC 14884, Bacillus subtilis
ATCC 6633, Staphylococcus aureus ATCC 29737 and Staphy-
lococcus epidermidis ATCC 12228) pathogenic bacteria using
Ampicillin 25 pg mL™" as a reference compound and two fungi
(Candida albicans ATCC 10231 and Saccharomyces cervesia
ATCC 9080) using Mycostatine 25 ug mL™' as a reference
compound. The inhibition zone diameters were read and
rounded up to the nearest whole number (mm) for analysis.
The inhibitory effects of the synthetic compounds against these
organisms are given in (Table 1).

50 0 [ppm]

(a) Standard *C NMR decoupled spectrum of compound 12. (b) *C NMR/DEPT 135° CH and CH, up, CH, down. (c) *C NMR/

The screening results indicate that compounds 11 and 13
did not show any antimicrobial activity against all the tested
bacteria and fungi. Compound 6d showed activity against
Staphylococcus aureus and Staphylococcus epidermidis, while
compounds 6a,b,e showed activity against Staphylococcus
epidermidis and compound 7 showed activity against Bacillus
subtilis. Compounds 6¢ and 12 showed high activity against
all tested microorganisms at a concentration of 25 ug mL™".
The preliminary in vitro antimicrobial activity has demon-
strated that the 4H-chromene with a 2-formylamino group in
combination with the cyano group in the 3-position was more
active than the 4H-chromene with the 2-acetylamino group
and the chromeno[2,3-d]pyrimidine, whilst 2-cyanomethyl-
12H-chromeno|3,2-¢][1,2,4]triazolo[ 1,5-c]pyrimidine 6¢ was

Table 1 Antibacterial screening of the synthetic compounds

Cpd Bordetella E. coli Bacillus Bacillus Staph. Staph. Candida Saccharomyces
bronchiseptica (-ve) pumilus subtilis aureus epidermidis albicans cerevisa

(-ve) (+ve) (+ve) (+ve) (+ve)

6a NA NA NA NA NA 12 NA NA

6b NA NA NA NA NA 16 NA NA

6c 24 18 28 28 27 25 15 21

6d NA NA NA NA 15 18 NA NA

6e NA NA NA NA NA 13 NA NA

7 NA NA NA 14 NA NA NA NA

1 NA NA NA NA NA NA NA NA

12 22 17 23 14 20 20 13 18

13 NA NA NA NA NA NA NA NA

Ampicillin 24 25 20 25 26 25 - -

Mycostatine - - - - - - 22 24

(25 pg mL™)

NA = not active.
Diameter of the hole = 10 mm.



found to be more active than other members of the 12H-
chromeno(3,2-¢] [1,2,4]triazolo[1,5-c]pyrimidine series.

Experimental
Melting points were determined with a Stuart Scientific Co. Ltd
apparatus. UV spectra were measured on a Shimadzu UV-160 1PC
UV-Vis spectrophotometer. IR spectra were determined as KBr pellets
on a Jasco FT/IR 460 plus spectrophotometer. 'H NMR and *C NMR
spectra were recorded using a Bruker AV 500 MHz spectrometer. '*C
NMR spectra were obtained using distortionless enhancement by
polarisation transfer (DEPT), with this technique, the signals from
CH and CHj; carbons were positive (up) whilst signals from CH,
environments are negative (down). Mass spectra were measured on a
Shimadzu GC/MS-QP5050A spectrometer. Elemental analyses were
performed on a Perkin-Elmer 240 microanalyser in the Faculty of
Science Cairo University.
2-Amino-4-(4-chlorophenyl)-7-(diethylamino)-4H-chromene-3-
carbonitrile (3a): Prepared according to the literature procedure.>

Ethyl 2-amino-4-(4-chlorophenyl)-7-(diethylamino)-4H-chromene-
3-carboxylate (3b): Prepared according to the literature procedure.*®

4-(4-Chlorophenyl)-7-(diethylamino)-2-ethoxymethyleneamino-
4H-chromene-3-carbonitrile (4): Prepared according to the literature
procedure.>

3-Amino-5-(4-chlorophenyl)-8-(diethylamino)-4-imino-3,4-dihydro-
SH-chromeno(2,3-d]-pyrimidine (5): Prepared according to the
literature procedure.>

12-(4-Chlorophenyl)-9-(diethylamino)-12H-chromeno[3,2-e][1,2,4]
triazolo[ 1,5-c Jpyrimidine (6a)

Method A: A solution of 5§ (0.01 mmol) and triethyl orthoformate
(0.01 mmol) in dry benzene was refluxed for 6 h to give 6a as colour-
less crystals which was collected by filtration and recrystallised from
benzene; m.p. 215-216 °C, 79%; IR (KBr) v (cm™): 3082, 2971, 2930
(CH stretching), 1630 (C=N); '"H NMR (500 MHz) (CDCl,) &: 9.15
(s, 1H, H-5), 8.20 (s, 1H, H-2), 7.50-6.25 (m, 7H, aromatic), 5.45
(s, 1H, H-2), 3.41 (q, 4H, 2CH,, J = 7.0 Hz), 1.05 (t, 6H, 2CH,, J =
7.0 Hz); *C NMR (125 MHz) (DMSO-d;) 6: 156.24 (C-6a), 154.34
(C-2), 152.51 (C-9), 150.65 (C-7a), 147.98 (C-12b), 138.75 (C-5),
132.25 (C-11), 109.30 (C-11a), 107.89 (C-12a), 102.90 (C-10), 98.71
(C-8), 44.47 (CH,), 3891 (C-12), 12.11 (CHj), 143.23, 129.71,
129.40, 128.42 (aromatic); MS m/z (%): 407 [M*+2] (21), 405 [M]*
(65.5), 294 (100), 269 (98.5), 250 (49), 197 (75), 150 (69), 113 (18.5),
56 (31); Anal. Calcd for C,,H,,CIN;O: C, 65.10; H, 4.97; N, 17.25.
Found: C, 65.25; H, 5.12; N, 17.38%.

Method B: A solution of 5 (0.01 mmol) and methyl formate
(0.01 mmol) in dry benzene was refluxed for 3 h to give 6a (m.p. and
mixed m.p.) yield (81%).

Method C: A solution of 5 (0.01 mmol) and formic acid
(0.01 mmol) in dry benzene was refluxed for 3 h to give 6a (m.p. and
mixed m.p.) yield (63%).

12-(4-Chlorophenyl)-9-(diethylamino)-2-methyl-12H-chromeno
[3,2-e][1,2,4]triazolo[ 1,5-c [pyrimidine (6b)

Method A: A solution of 5 (0.01 mmol) and acetyl chloride
(0.01 mmol) in dry benzene was refluxed for 6 h to give 6b as colour-
less crystals which was collected by filtration and recrystallised from
benzene; m.p. 216-217 °C, 81%; IR (KBr) v (cm™): 3039, 2979, 2887
(CH stretching), 1631 (C=N); 'H NMR (500 MHz) (DMSO-d,)
5: 9.28 (s, 1H, H-5) 7.96-6.40 (m,7H, aromatic), 5.67 (s, 1H, H-12),
3.45 (q, 4H, 2CH,, J = 7.5 Hz), 2.41 (s, 3H, CH,), 1.17 (t, 6H, 2CH,,
J = 7.5 Hz); ¥C NMR (125 MHz) (DMSO-d;) 3: 166.28 (C-6a),
155.20 (C-2), 153.10 (C-9), 152.45 (C-7a), 150.33 (C-12b), 132.30
(C-5),129.34 (C-11), 128.23 (C-11a), 118.20 (C-12a), 105.50 (C-10),
101.30 (C-8), 44.47 (CH,), 39.13 (C-12), 14.21 (CHj3), 12.11 (CHj),
139.20, 129.88, 128.99, 128.58, (aromatic); MS m/z (%): 421
[M* +2], (23), 419 [M]*, (61), 308 (100), 263 (23), 188 (20), 111 (12),
98 (14); Anal. Calcd for C,;H,,CIN;O: C, 65.79; H, 5.28; N, 16.68.
Found: C, 65.65; H, 5.17; N, 16.55%.

Method B: A solution of 5 (0.01 mmol) and acetic anhydride
(0.01 mmol) was refluxed for 6 h to give 6b (m.p. and mixed m.p.)
yield (79%).

12-(4-Chlorophenyl)-2-cyanomethyl-9-(diethylamino)-12H-chro-
meno|3,2-e][1,2,4]triazolo[ 1,5-c [pyrimidine (6¢c): A solution of 5
(0.01 mmol) and ethyl cyanoacetate (0.01 mmol) in dry ethanol was
refluxed for 6 h to give 6¢ as colourless crystals which was collected
by filtration and recrystallised from benzene; m.p. 210-211 °C, 76%;
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IR (KBr) v (cm™): 3069, 2973, 2917, 2899, (CH stretching), 2260
(CN), 1626 (C=N); '"H NMR (500 MHz) (CDCl,) &: 8.60 (s, 1H, H-5)
7.27-6.32 (m, 7H, aromatic), 4.94 (s, 1H, H-12), 3.30 (s, 2H, CH,),
3.25 (q, 4H, 2CH,, J=7.5Hz), 1.08 (t, 6H, 2CH;, J=7.5Hz);
3C NMR (125 MHz) (CDCly) 8: 167.31 (C-6a), 159.87 (C-9), 153.25
(C-7a), 150.74 (C-2), 148.89 (C-12b), 140.70 (C-5), 130.08 (C-11),
116.78 (CN), 109.86 (C-11a), 106.43 (C-12a), 99.04 (C-10), 97.31
(C-8), 44.48 (CH,), 39.14 (C-12), 25.81 (CH,), 12.44 (CHs;), 148.45,
134.35, 129.57, 128.96 (aromatic); MS m/z (%): 446 [M* +2], (17),
444 [M]*, (40), 333 (100), 242 (28), 188 (6), 111 (6), 88 (2); Anal.
Calcd for C,,H,,CIN(O: C, 64.79; H, 4.76; N, 18. 89. Found: C, 64.68;
H, 4.64; N, 18.78%.

Ethyl 12-(4-chlorophenyl)-9-(diethylamino)-12H-chromeno[3,2-e]
[1,2,4]triazolo[ 1,5-c [pyrimidine-2-carboxylate (6d): A solution of 5
(0.01 mmol) and ethyl cyanoacetate (0.01 mmol) in dry ethanol was
refluxed for 6 h to give 6¢ as colourless crystals which was collected
by filtration and recrystallised from benzene; m.p. 230-231 °C, 82%;
IR (KBr) v (cm™): 3088, 2970, 2901, 2927, 2891 (CH stretching),
1747 (CO), 1627 (C=N); '"H NMR (500 MHz) (CDCl,) 6: 9.16 (s, 1H,
H-5) 7.35-6.51 (m, 7H, aromatic), 5.72 (s, 1H, H-12), 4.55 (q, 2H,
CH,, J =7.1 Hz), 3.39 (q, 4H, 2CH,, J = 7.05 Hz), 1.48 (t, 3H, CH,,
J=7.1Hz) 1.21 (t, 6H, 2CH,, J = 7.05 Hz); *C NMR (125 MHz)
(CDCly) 6: 160.01 (C-6a), 158.51 (CO), 155.02 (C-2), 153.66 (C-9),
151.19 (C-7a), 148.29 (C-12b), 138.91 (C-5), 129.85 (C-11), 110.19
(C-11a), 108.16 (C-12a), 104.50 (C-10), 99.24 (C-8), 62.73 (CH,
ester), 44.58 (CH,), 38.86 (C-12), 14.23 (CH,; ester), 12.49 (CH,),
142.83, 132.88, 129.77, 129.58 (aromatic); MS m/z (%): 479 [M* +2],
(26.5),477 [M]*, (69), 465 (31), 463 (100), 352 (1), 308 (1), 294 (19),
238 (2), 195 (13), 138 (7), 75 (5); Anal. Calcd for C,sH,,CIN;Os:
C, 62.82; H, 5.06; N, 14.65. Found: C, 62.70; H, 5.00; N, 14.55%.

12-(4-Chlorophenyl)-9-(diethylamino)-2-phenyl-12H-chromeno
[3,2-e][1,2,4]triazolo[ 1,5-c ]pyrimidine (6e)

Method A: A solution of 5 (0.01 mmol) and benzoyl chloride
(0.01 mmol) in dry benzene was refluxed for 6 h to give 6e as colour-
less crystals which was collected by filtration and recrystallised from
benzene; m.p. 220-221 °C, 78%; IR (KBr) v (cm™): 3057, 3030, 2977
(CH stretching), 1627 (C=N); '"H NMR (500 MHz) (CDCI,) &: 9.01
(s, 1H, H-5) 8.19-6.40 (m,12H, aromatic), 5.61 (s, 1H, H-12), 3.31
(g, 4H, 2CH,, J = 7.0 Hz), 1.13 (t, 6H, 2CH;, J = 7.0 Hz); *C NMR
(125 MHz) (CDCly) 6: 166.97 (C-6a), 154.40 (C-2), 153.74 (C-9),
151.38 (C-7a), 148.25 (C-12b), 138.23 (C-5), 130.82 (C-11), 129.97
(C-12a), 109.48 (C-11a), 108.33 (C-12a), 103.13 (C-10), 99.13 (C-8),
44.51(CH,),39.14(C-12),12.54(CH;), 143.27,132.66, 130.01,129.86,
128.74, 128.58, 128.35, 127.78 (aromatic); MS m/z (%):483 [M*+2],
(21), 481 [M]*, (62.15), 370 (100), 294 (0.57), 241(5.27), 181 (4.89),
140 (10.46), 103 (33.51), 77 (36.62); Anal. Calcd for C,3H,,CIN;O:
C, 69.78; H, 5.02; N, 14. 53. Found: C, 69.81; H, 5.06; N, 14.57%.

Method B: Compound 7 (0.01 mmol) was heated under reflux in
1,4-dioxane (20 mL) and piperidine (0.5 mL) for 3 h to give 6e (m.p.
and mixed m.p.) yield (68%).

3-Benzylideneamino-5-(4-chlorophenyl)-8-(diethylamino)-4-
imino-3,4-dihydro-5H-chromeno[2,3-d[pyrimidine (7): A mixture
of 5 (0.01 mmol), benzaldehyde (0.01 mmol), ethanol (20 mL) and
piperidine (0.5 mL) was refluxed for 2 h. The solid product, which
formed, was collected by filtration and recrystallised from ethanol
give 7 as yellow crystals; m.p. 197-198 °C; 87%; IR (KBr) v (cm™):
3349 (NH), 3058, 2970, 2932, 2891 (CH stretching), 1636 (C=N); 'H
NMR (500 MHz) (CDCl;) 6: 9.94 (bs, 1H, NH), 8.97 (s, 1H, N=CH)
8.55-6.33 (m,12H, aromatic), 5.67 (s, 1H, H-4), 3.34 (q, 4H, 2CH,,
J =175 Hz), 1.07 (t, 6H, 2CH;, J = 7.5 Hz); *C NMR (125 MHz)
(CDCly) &: 164.85 (C-4), 158.65 (C-2), 156.87 (C-10a), 154.56
(N=CH), 150.44 (C-9a), 148.44 (C-8), 129.90 (C-6), 110.34 (C-5a),
109.91 (C-7), 99.92 (C-9), 98.63 (C-4a), 44.43 (CH,), 38.70 (C-5),
12.49 (CH;), 143.92, 138.14, 133.86, 132.89, 129.79, 129.27, 128.64,
128.77, 127.83 (aromatic); MS m/z (%): 485 [M* +2], (4), 483 [M]*,
(15), 381 [M* +2], (30.5), 379 [M]*, (100), 268 (7), 242 (2), 182 (12),
150 (9), 104 (21.5), 76 (16); Anal. Calcd for C,gH,,CIN;O: C, 69.48;
H, 5.41; N, 14.47. Found: C, 69.35; H, 5.31; N, 14.37%.

3-Ethoxycarbonyl-12-(4-chlorophenyl)-9-(diethylamino)-2,3-dihy-
dro-12H-chromeno[3,2-e][1,2,4]triazolo[1,5-c ]pyrimidine-2-one
(11): A solution of 5 (0.0l mmol) and ethyl chloroformate
(0.01 mmol) in dry benzene was refluxed for 2 h to give 11 as colour-
less crystals which was collected by filtration and recrystallised from
benzene; m.p. 213-214 °C, 79%; IR (KBr) v (cm™): 3120, 2973, 2928
(CH stretching), 1759, 1736 CO, 1684 (C=N); 'H NMR (500 MHz)
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(CDCly) &: 9.24 (s, 1H, H-5), 7.20-6.40 (m, 7H, aromatic), 5.26
(s, 1H, H-12), 4.48 (q, 2H, CH,, J = 7.5 Hz), 3.28 (q, 4H, 2CH,, J =
7.5 Hz), 1.40 (t, 3H, CH;, J=7.5 Hz), 1.11 (t, 6H, 2CH,;, / = 7.5 Hz);
BC NMR (125 MHz) (DMSO-d,) &: 158.17 (C-6b), 155.49 (CO),
154.90 (CO ester), 150.67 (C-6a), 149.76 (C-7a), 148.37 (C-9), 142.43
(C-5), 129.95 (C-11), 110.08 (C-11a), 107.84 (C-10), 101.16 (C-8),
99.04 (C-12a), 65.60 (CH, ester), 44.50 (CH,), 38.44 (C-12), 14.23
(CH; ester), 12.48 (CH,), 138.83, 132.97, 129.77, 128.74 (aromatic);
MS m/z (%): 495 [M*+2], (30.24), 493 [M]*, (100), 480 (35), 478
(96), 452 (1), 450 (3), 408 (17), 406 (43), 380 (6), 378 (14), 266 (43),
238 (20), 182 (15), 100 (5), 68 (5); Anal. Calcd for C,sH,,CIN;O,:
C, 60.79; H, 4.90; N, 14.18. Found: C, 60.80; H, 4.95; N, 14.20%.

Reaction of 3b with triethyl orthoformate: A mixture of f-
enaminoester 3b (0.01 mmol), triethyl orthoformate (0.01 mmol) and
Ac,0 (30 mL) was refluxed for 3 h. The solvent was removed under
reduced pressure and the separated solid was recrystallised from
benzene to give 12 and the compound 13 was separated from the fil-
trate of the reaction and recrystallised from ethanol. The physical and
spectra data of the compounds 12 and 13 are as follows.

Ethyl 4-(4-chlorophenyl)-7-(diethylamino)-2-formylamino-4H-chro-
mene-3-carboxylate (12): Colourless needles; m.p. 175-176 °C; 35%;
IR (KBr) v (cm™): 3251, 3217 (NH), 3087, 3038, 3022, 2972, 2926,
(CH stretching), 1700, 1677 (CO); 'H NMR (500 MHz) (CDCl;)
4: 10.85 (d, 1H, CH, J = 10.0 Hz), 9.14 (d, 1H, NH, J = 10.0 Hz),
7.19-6.22 (m,7H, aromatic), 4.79 (s, 1H, H-4), 4.03 (q, 2H, CH,,
J =17.5Hz), 3.24 (q, 4H, 2CH,, J = 7.1 Hz), 1.09 (t, 3H, CH;, J =
7.5 Hz),1.07 (t, 6H, 2CHj;, J = 7.1 Hz); *C NMR (125 MHz) (CDCl;)
5: 168.09 (CO ester), 159.80 (CO), 152.89 (C-2), 148. 89 (C-8a),
147.83 (C-7), 129.82 (C-5), 110.37 (C-4a), 109.72 (C-6), 98.01 (C-8),
86.19 (C-3), 60.64 (CH, ester), 44.40 (CH,), 39.00 (C-4), 14.07 (CH;
ester) 12.49 (CH;) 145.57, 132.02, 129.02, 128.48 (aromatic); "* C
NMR - DEPT spectrum at 135° CH, CH; [positive (up)], CH, (nega-
tive), revealed the following signals at & 159.80 (CHO 1), 129.82
(C-51), 129.02 (CH 1 aromatic), 128.48 (CH 1 aromatic), 109.74
(C-6 1), 98.01 (C-8 1), 60.62 (CH, ester |), 44.40 (CH, |), 39.00
(C-4 1), 14.07 (CH; ester 1), 12.49 (CH; 1). In the DEPT spectrum at
90° only CH signals are positive (up), and showed & 159.80 (CHO
formyl 1), 129.82 (C-5 1), 129.02 (CH 1 aromatic), 128.48 (CH 1
aromatic), 109.74 (C-6 1), 98.01 (C-8 1), 39.00 (C-4 1). In the DEPT
spectrum at 45° (CH, CH, and CHj; positive) revealed signals at
6 159.80 (CHO formyl 1), 129.82 (C-5 1), 129.02 (CH 1 aromatic),
128.48 (CH 1 aromatic), 109.74 (C-6 1), 98.01 (C-8 1), 60.62
(CH, ester 1), 44.40 (CH, 1), 39.00 (C-4 1), 14.07 (CH; ester 1), 12.49
(CH; 1); MS m/z (%): 430 [M*+2] (9), 428 [M]*, (31.5), 317 (17), 289
(97), 243 (100), 199 (19), 138 (35.5), 77 (56); Anal. Calcd for
C,;H,sCIN,O,: C, 64.41; H, 5.88; N, 6.53. Found: C, 64.30; H, 5.90;
N, 6.55%.

Ethyl 2-acetylamino-4-(4-chlorophenyl)-7-(diethylamino)-4H-chro-
mene-3-carboxylate (13): Yellow needles, m.p. 170-171 °C; 83%; IR
(KBr) v (cm™): 3300, 3217 (NH), 3088, 3021, 2972, 2927, (CH
stretching), 1698, 1677 (CO); 'H NMR (500 MHz) (CDCl;) é: 11.02
(bs, 1H, NH), 7.20-6.21 (m,7H, aromatic), 4.79 (s, 1H, H-4), 4.04
(g, 2H, CH,, J =7.5 Hz), 3.25 (q, 4H, 2CH,, J = 7.1 Hz), 1.60 (s, 3H,
COCH,), 1.09 (t, 3H, CH,, J =7.5 Hz),1.08 (t, 6H, 2CH,, J = 7.1 Hz);
BC NMR (125 MHz) (CDCly) 8: 168.09 (CO ester), 159.80 (CO),
153.15 (C-2), 148. 89 (C-8a), 147.83 (C-7), 129.82 (C-5), 110.38
(C-4a), 109.72 (C-6), 98.02 (C-8), 86.50 (C-3), 60.73 (CH, ester),
44.40 (CH,), 39.00 (C-4), 29.71 (CHj; acetyl),14.06 (CH; ester), 12.49
(CH;) 145.57, 132.02, 129.01, 128.48 (aromatic) ; MS m/z (%):
444 [M*+2], (13), 442 [M]*, (32.5), 331 (58.), 289 (100), 243 (56),
199 (16), 150 (19), 115 (13), 77 (20). Anal. Calcd for C,,H,,CIN,O,:
C, 65.08; H, 6.14; N, 6.32. Found: C, 65.15; H, 6.20; N, 6.45%.

Reaction of 12 with hydrazine derivatives: A mixture of 12
(0.01 mmol), hydrazine hydrate (0.01 mmol) in EtOH was stirring at
room temperature or reflux for 1 h to give f-enaminoester (3b) (m.p.
and mixed m.p.) yield (81%).

Received 30 July 2010; accepted 16 December 2010
Paper 1000283 doi: 10.3184/174751911X12964930076728
Published online: 10 February 2011

References

1 D.B. daSilva, E.C.O. Tulli, G.C.G. Militao, L.V. Costa-Lotufo, C. Pessoa,
M.O. deMoraes, S. Albuquerque and J.M. deSiqueira, Phytomedicine,
2009,70, 590.

2 T. Narender, Shweta and S. Gupta, Bioorg. Med. Chem. Lett., 2009, 14,
3913.

3 J.C.A. Tanaka, C.C. da Silva, I.C.P. Ferreira, G.M.C. Machado, L.L. Leon
and A.J.B. de Oliveira, Phytomedicine, 2007, 14, 377.

4 V. Lakshmi, K. Pandey, A. Kapil, N. Singh, M. Samant and A. Dube,
Phytomedicine, 2007, 14, 36.

5 E.C. Torres-Santos, D. Lopes, R. Rodrigues Oliveira, J.P.P. Carauta,
C.A. Bandeira Falcao, M.A.C. Kaplan, and B. Rossi-Bergmann,
Phytomedicine, 2004, 11, 114.

6 Q.-B. Han, N.-Y. Yang, H.-L. Tian, C.-F. Qiao, J.-Z. Song, D.C. Chang,
S.-L. Chen, K.Q. Luo and H.-X. Xu, Phytochemistry, 2008, 69, 2187.

7 W. Kemnitzer, J. Drewe, S. Jiang, H. Zhang, C. Crogan-Grundy,
D. Labreque, M. bubenick, G. Attardo, R. Denis, S. Lamothe, H. Gourdeau,
B. Tseng, S. Kasibhatla and S. Xiong Cai, J. Med. Chem., 2008, 51, 417.

8 LV. Magedov, M. Manpadi, M.A. Ogasawara, A.S. Dhawan, S. Rogelj,
S. van Slambrouk, W.F.A. Steelant, N.M. Evdokimov, P.Y. Uglinskii,
E.M. Elias, E.J. Knee, P. Tongwa, M. Yu. Antipin and A. Kornienko, J.
Med. Chem., 2008, 51, 2561.

9 M. Longobardi, A. Bargagna, E. Mariani, P. Schenone, E. Marmo, 1l
Farmaco, 1990, 45, 399.

10 C. Banzatti, U. Branzoli, P.P. Lovisolo, P. Melloni, P. Salvadori, Arzneim.
Forsch., 1984, 34, 864.

11 K.V. Sashidhara, A. Kumar, M. Kumar, A. Srivastava and A. Puri, Bioorg.
Med Chem. Lett., 2010, in press.

12 A.Ermili, G. Roma, M. Buonamici, A. Cuttica and M. Galante, I/ Farmaco,
1979, 34, 535.

13 C. Bruhlmann, F. Ooms, P. Carrupt, B. Testa, M. Catto, F. Leonetti,
C. Altomare and A. Cartti, J. Med. Chem., 2001, 44, 3195.

14 S.R. Kesten, T.G. Heftner, S.J. Johnson, T.A. Pugsley, J.L. Wright and
D.L. Wise, J. Med. Chem., 1999, 42, 3718.

15 W.P. Smith, L.S. Sollis, D.P. Howes, C.P. Cherry, D.I. Starkey, N.K. Cobley,
J. Med. Chem., 1998, 41, 787.

16 R.N. Taylor, A. Cleasby, O. Singh, T. Sharzynski, J.A. Wonacott,
W.P. Smith, L.S. Sollis, D.P. Howes, C.P. Cherry, R. Bethell, P. Colman and
J. Varghese, J. Med. Chem., 1998, 41, 798.

17 J.-F. Cheng, A. Ishikawa, Y. Ono, T. Arrhenius and A. Nadzan, Bioorg. Med
Chem. Lett., 2003, 13, 3647.

18 V.P. Sharma, Asian J. Chem., 2004, 16, 1966; Chem. Abstr., 142, 298061

19 V.P. Sharma, Indian J. Heterocycl. Chem., 2004, 14, 35; Chem. Abstr., 142,
373785.

20 P. Gebhardt, K. Dornberger, F.A. Gollmick, U. Grife, A. Hartl, H. Gorls,
B. Schlegel and C. Hertweck Bioorg. Med Chem. Lett., 2007, 17, 2558.

21 G. Melagraki, A. Afantitis, O. Igglessi-Markopoulou, A. Detsi, M. Koufaki,
C. Kontogiorgis, Di. J. Hadjipavlou-Litina, Europ. J. Med. Chem., 2009,
44, 3020.

22 T. Symeonidis, K.C. Fylaktakidou, D.J. Hadjipavlou-Litina and K.E.
Litinas, Europ. J. Med. Chem., 2009, 44, 5012.

23 S. Begum, B. Saxena, Ma. Goyal, R. Ranjan, V.B. Joshi, Ch V. Rao,
S. Krishnamurthy and M. Sahai, Fitoterapia, 2010, 81, 178.

24 J.J. Anil, R.A. Kumar, S.A. Rasheed, S.P. Chandrika, A. Chandrasekhar,
S. Baby and A. Subramoniam, J. Ethnopharm., 2010, 130, 267.

25 K. Hiramoto, A. Nasuhara, K. Michiloshi, T. Kato and K. Kikugawa,
Mutat. Res., 1997, 395, 47.

26 A.G. Martinez and L.J. Marco, Bioorg. Med. Chem. Lett., 1997, 7, 3165.

27 L.L. Andreani and E. Lapi, Bull. Chim. Farm., 1960, 99, 583.

28 Y.L.Zhang, B.Z. Chen, K.Q. Zheng, M.L. Xu and X.H. Lei, Yao Xue Bao,
1982, 17, 17; Chem. Abstr., 1982, 96, 135383e.

29 E.C. Witte, P. Neubert and A. Roesch, Ger. Offen DE., 3427985 (1986);
Chem. Abstr., 1986, 104, 224915f.

30 W.O. Foye, Principi Di Chimica Farmaceutica; Piccin: Padova, Italy,
1991, 416.

31 L. Bonsignore, G. Loy, D. Secci and A. Calignano, Eur. J. Med. Chem.,
1993, 28, 517.

32 A. Gajbhiye, V. Mallareddy and G. Achaiah, Indian J Pharm Sci., 2008, 70,
118.

33 M. Ghate, R.A. Kusanur and M.V. Kulkarni, Eur. J. Med. Chem., 2005, 40,
882.

34 T. El-Sayed Ali and M.A. Ibrahim, J. Braz. Chem. Soc., 2010, 21, 1007.

35 V. Maddi, K.S. Raghu and M.N. Rao, J. Pharm. Sci., 1992, 81, 964.

36 B. Narasimhan, P. Kumar, D. Sharma, Acta Pharm. Sci., 2010, 52, 169.

37 K.M. Amin, M.M. Kamel, M.M. Anwar, M. Khedr and Y.M. Syam, Eur. J.
Med. Chem., 2010, 45, 2117.

38 R.S. Keri, K.M. Hosamani, R.V. Shingalapur and M.H. Hugar, Eur. J. Med.
Chem., 2010, 45, 2597.

39 G. Bianchi and A. Tava, Agric. Biol. Chem., 1987, 51, 2001.

40 A.M. El-Agrody, J. Chem. Res. (S), 1994, 280.

41 AM. El-Agrody, H.A. Emam, M.H. El-Hakim, M.S. Abd El-Latif,
A.H. Fakery, J. Chem. Res. (S), 1997, 320.

42 AM. El-Agrody, H.A. Emam, M.H. El-Hakim, M.S. Abd El-Latif,
A.H. Fakery, J. Chem. Res. (M), 1997, 2039.

43 A.H. Bedair, N.A. El-Hady, M.S. Abd El-Latif, A.H. Fakery and A.M.
El-Agrody, Il Farmaco, 2000, 55, 708.



44

45

46

47

48

49

50

51

AM. El-Agrody, M.H. El-Hakim, M.S. Abd El-Latif, A.H. Fakery,
E.S.M. El-Sayed and K.A. El-Ghareab, Acta Pharm., 2000, 50, 111.

A.Z. Sayed, N.A. El-Hady and A.M. El-Agrody, J. Chem. Res. (S) 2000,
146.

AM. El-Agrody, M.S. Abd El-Latif, N.A. El-Hady, A.H. Fakery and
A.H. Bedair, Molecules, 2001, 6, 519.

A.H. Bedair, H.AA. Emam, N.A. El-Hady, K.AR. Ahmed and A.M.
El-Agrody, Il Farmaco, 2001, 56, 965.

AM. El-Agrody, F.A. Eid, H.A. Emam, H.M. Mohamed and A.H. Bedair,
Z. Naturforsch., Teil B, 2002, 57, 579.

M.M. Khafagy, A.-H.F. Abd El-Wahab, F.A. Eid and A.M. El-Agrody, Il
Farmaco, 2002, 57, 715.

F.A. Eid, A.H. Bedair, H.A. Emam, H.M. Mohamed and A.M. El-Agrody,
Al-Azhar Bull. Sci., 2003, 14, 311.

A.S. Abd-El-Aziz, A.M. El-Agrody, A.H. Bedair, T.C. Corkery and A. Ata,
Heterocycles, 2004, 63, 1793.

52

53

54
55

56

57

JOURNAL OF CHEMICAL RESEARCH 2011 83

A.S. Abd-El-Aziz, HM. Mohamed, S. Mohammed, S. Zahid, A. Ata,
A.H. Bedair, A.M. El-Agrody and P.D. Harvey, J. Heterocycl. Chem., 2007,
44, 1287.

N.M. Sabry, H.M. Mohamed, S.S. Motlaq and A.M. El-Agrody, Eur. J.
Med. Chem., 2010, in press.

H.K. Gakhar and J.K. Gill, Indian J. Chem., 1985, 24B, 432.

G. Tacconi, G. Gatti, G. Desimoni and V. Messori, J. Prakt. Chem., 1980,
322, 831.

European Committee for Antimicrobial Susceptibility Testing (EUCAST)
of the European Society of Clinical Microbiology and Infectious Diseases
(ESCMID). Determination of minimum inhibitory concentrations (MICs)
of antibacterial agents by agar dilution, Clinical Microbiology and
Infection, September 2000, Vol. 6 Number 9, pp. 509-515.

National Committee for Clinical Laboratory Standards. Methods for
dilution antimicrobial susceptibility tests for bacteria that grow aerobically,
5th ed. NCCLS 2000, Wayne, PA, Approved Standard M7-AS.



Copyright of Journal of Chemical Research isthe property of Science Reviews 2000 Ltd. and its content may
not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's express written
permission. However, users may print, download, or email articles for individual use.



