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An efficient approach for the synthesis and antimicrobial
evaluation of some new benzocoumarins and
related compounds

Mohamed H. Hekal , Fatma S. M. Abu El-Azm, and Sandy S. Samir

Chemistry Department, Faculty of Science, Ain Shams University, Cairo, Egypt

ABSTRACT
A convenient synthetic approach for pharmaceutically important
benzocoumarin-based heterocyclic compounds has been studied.
b-enaminonitrile has been used for the synthesis of a broad diversity
of new benzocoumarins and related compounds over different reac-
tion steps. Various synthetic approaches were used in this research
for synthesis of heterocyclic systems such as acid-catalyzed hydroly-
sis, decarboxylation, deamination, ring opening and ring closure. The
molecular structures of the newly synthesized derivatives were estab-
lished by elemental analyses and spectral data (IR, 1H-NMR, and 13C-
NMR). Some of the newly synthesized compounds were explored for
their antimicrobial activities.
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Introduction

On account of the rise in the number of immune-compromised hosts, further cases of
microbial infections have been announced significantly. Many of the microorganisms
acquire resistance through a period of time against available medications. Subsequently,
there is an imperative necessity to develop alternate antimicrobial agents. Coumarin
compounds are considered as a remarkable category in the field of organic synthesis
and natural products. So, researchers are interested from many years to examine the
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important biological properties of these natural coumarins or to prepare their analogs
for curative purposes.[1] Coumarin skeleton was used as an intermediate for the synthe-
sis of bioactive heterocyclic compounds which exhibit several pharmacological effects
including anti-inflammatory,[2,3] antimicrobial,[4] anti-cancer,[3,5] antifungal,[6] anti-
coagulant [7–9] antioxidant,[10] and anti-tubercular [11] properties. Coumarins exist
greatly in drugs, agrochemicals and natural products (Figure 1). The natural Osthole is
O-methylated coumarin present in Cnidium MONNIERI, a classic Chinese herbal drug
that has been applied as a fungicidein China for a long time, and displays antifungal
activity against Rhizoctonia solani and a broad series of other phytopathogenic
fungi;[12–14] Acenocoumarol and Warfarin are anticoagulants work as the vitamin K
antagonists and usually used in the prevention of thrombosis and thromboembol-
ism;[15–17] and Coumoxystrobin (SYP-3375) is a strobilurin fungicide that displays a
wide spectrum of antifungal activity.[18–20]

Results and discussion

As a part of our interest in the synthesis of a broad scope of heterocyclic systems with
biological evaluations[21–29] and in continuation of our investigation on the reactivity of
3-amino-1-aryl-1H-benzo[f]chromene-2-carbonitriles (1),[30–34] we are interested in our
running study on the utility of 3-amino-1-(p-tolyl)-1H-benzo[f]chromene-2-carbonitrile
1[30] in the synthesis of new benzo[f]coumarins and related compounds. Thus, in this
research, the behavior of b-enaminonitrile 1 toward different organic and inorganic
acids has been examined. Subsequently, stirring the b-enaminonitrile 1 with concen-
trated H2SO4 at room temperature yielded benzo[f]coumarin-2-carboxamide derivative
2 in which the cyano group in the b-enaminonitrile 1 undergoes partial hydrolysis to
the carboxamide group alongside the deamination of the amino group (Scheme 1). The
supportive evidence for structure 2 derived from the IR spectrum which displayed
absorption bands at 3311, 3230, 1758 and 1686 cm�1 corresponding to (NH2), (C¼O of
lactone) and (C¼O of amide group), respectively with the absence of absorption band
for C�N group. Also, the 1H-NMR (DMSO-d6) spectrum exhibited the following sig-
nals at d (ppm): 2.21 (s, 3H, CH3), 4.04 (d, 1H, J¼ 1.5Hz), 5.37 (d, 1H, J¼ 1.5Hz),
6.99–8.00 (m, 12H, Ar-HþNH2).
On the other hand, heating the b-enaminonitrile 1 with glacial acetic acid in presence

of fused sodium acetate produced 1-(p-tolyl)-1,2-dihydro-3H-benzo[f]coumarin (3)
(Scheme 1). In this reaction, full hydrolysis followed by decarboxylation of the cyano
group occurred with the deamination. However, compound 3 was previously synthe-
sized by different methodology through one-pot condensation of Meldrum’s acid with

Figure 1. Several drugs and agrochemicals bearing coumarin as a core moiety.
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b-naphthol and 4-methylbenzaldehyde.[35] The structure of benzo[f]coumarin derivative
3 was characterized by IR, 1H-NMR, 13C-NMR and microanalysis.
Likewise, refluxing b-enaminonitrile 1 with formic acid involved only the deamin-

ation of the amino group to give the unexpected product 1-(p-tolyl)-2,3-dihydro-1H-
benzo[f]coumarin-2-carbonitrile (4) rather than the corresponding fused pyrimidinone
derivative 5[36,37] or our recently obtained novel chromeno[2,3-b]azet-9-one derivative 6
(Scheme 1).[32]

Inspection of the present literature, revealed that the 2-cyano-benzo[f]coumarin
derivative 4 has been formerly prepared under similar reaction conditions,[38] displaying
in the 1H-NMR spectrum d values [4.39 (d, 1H, J¼ 6.1Hz), 5.14 (d, 1H, J¼ 6.1Hz)] dif-
ferent to ours [5.58 (s, 2H, Ha and Hb (exchangeable with D2O))]. This is owing to in
the solution compound 4 exists in the enol tautomer [B] as a result of keto-enol tauto-
merism (cf. Figure 2). So we conclude that the 1H-NMR spectrum of benzo[f]coumarin
derivative 2 showed the predominance of the tautomeric form [B] in solution.
Surprisingly, the 2-cyano-benzo[f]coumarin derivative 4 was also obtained from

endeavor to chloroacetylate the b-enaminonitrile 1 with chloroacetyl chloride in glacial
acetic acid rather than the corresponding chloroacetamido derivative 8 (Scheme 2).
9-(Chloromethyl)-12-(p-tolyl)-10,12-dihydro-11H-benzo[5, 6]chromeno[2,3-d]pyrimi-
din-11-one (7) was likewise formed from another attempt to chloroacetylate the
b-enaminonitrile 1 with chloroacetyl chloride in dioxane containing a catalytic amount

Scheme 1. Behavior of b-enaminonitrile 1 toward different organic and inorganic acids.
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of triethylamine (0.2mL) (Scheme 2). Compound 7 was previously synthesized via
Radziszewski’s reaction of the chloroacetamido derivative 8 using urea hydrogen perox-
ide (UHP).[39] The demise of �C�N in the IR spectrum of compound 7 and the exist-
ence of �NH at 3166 cm�1 and �C¼O at 1654 cm�1 corroborative the suggested
structure. The 1H-NMR and 13C-NMR spectra were completely in accord with the
assigned structure 7. (c.f. Experimental section)
Moreover, the chemical behavior of 2-cyano-benzo[f]coumarin 4 toward selected

nitrogen nucleophiles was also studied. Thus, when compound 4 was subjected to react
with ammonium acetate in an oil bath gave unexpected product that was identified as
the benzo[f]coumarin derivative 3 instead of the benzo[f]quinolin-3(2H)-one derivative
9 (Scheme 3). Chemical evidence for benzo[f]coumarin derivative 3 was gained from its
reaction with hydrazine hydrate in boiling ethanol which yielded the hydrazide deriva-
tive 10 as a sole product in fairly good yield (Scheme 3). The appearance of �OH at
3313 cm�1, �NH2 at 3268, 3217 cm�1 alongside �C¼O at 1650 cm�1 in the IR spectrum
of compound 10 as well as the appearance of acidic protons in the 1H-NMR spectrum
at 4.12 (br.s, 2H, NH2, exchangeable by D2O), 9.05 (br.s, 1H, NH, exchangeable by
D2O) and 9.60 (br.s, 1H, OH, exchangeable by D2O) was in favor with the designated

Figure 2. The predominance of the tautomeric form [B] in solution of compound 4.

Scheme 2. Reaction of b-enaminonitrile 1 with chloroacetyl chloride.
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structure. Compound 10 was supposed to be formed via nucleophilic attack of hydra-
zine hydrate to carbonyl group of benzo[f]coumarin 3 followed by ring opening.
It is noteworthy that hydrazinolysis of 2-cyano-benzo[f]coumarin 4 using excess

hydrazine hydrate in refluxing dioxane undergoes degradation process in which 5-iminopyr-
azolidin-3-one (11) was deposited on hot in addition to b-naphthol which was obtained
after acidification of the mother liquor (Scheme 3). The structures of b-naphthol and
5-iminopyrazolidin-3-one (11) were confirmed by IR, 1H-NMR and 13C-NMR (c.f.
Experimental section).
In like manner, 2-cyano-benzo[f]coumarin 4 was subjected to degradation when

treated with semicarbazide hydrochloride in presence of fused sodium acetate under
reflux to furnish the unexpected product that was identified as 5-amino-4-(4-methylben-
zylidene)-2,4-dihydro-3H-pyrazol-3-one (12) (Scheme 3). Structure 12 was fully sup-
ported by spectral data beside the elemental analyses. IR spectrum of compound 12
lacked the absorption band of cyano group and showed presence of absorption band at
3279, 3192 cm�1 corresponding to NH2 group in addition to absorption band at
1712 cm�1 for CO group. Whereas, its 1H-NMR spectrum displayed a singlet signal at d
2.29 ppm attributed to methyl group beside two singlet signals at d 6.46 and 10.20 ppm
assigned acidic protons of NH2 and NH groups, respectively. Also, aromatic protons
appeared at d 7.16–7.60 ppm and the olefinic proton at d 7.81 ppm which completely
agree with the proposed structure 12.
A conceivable mechanism for the formation of compounds (11) and (12) from 2-cyano-

benzo[f]coumarin 4 is outlined in Scheme 4.

Scheme 3. Reaction of compound 4 with some nitrogen nucleophiles.
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Moreover, our current study was prolonged to explore the chemical behavior of 2-
cyano-benzo[f]coumarin 4 toward some bidentate nucleophiles. Therefore, refluxing of
compound 4 with 1,2-diamino ethane in dioxane afforded benzo[f]imidazo[1,2-a]quin-
oline 13 which deposited on hot as a white crystalline solid in a good yield (Scheme 5).
IR spectrum of compound 13 showed two broad bands at 3353, 3247 cm�1 corresponds
to 2NH groups and absence of the absorption bands of both carbonyl and cyano func-
tional groups. In addition, 1H-NMR and 13C-NMR spectra of compound 13 strongly
confirmed the assigned structure (c.f. Experimental section).
On the other hand, ring opening of 2-cyano-benzo[f]coumarin 4 was achieved via its

reaction with o-aminothiophenol in refluxing dioxane in presence of few drops of gla-
cial acetic acid to yield benzo[d]thiazole derivative 14 as a sole product (Scheme 5).
Whereas, Refluxing of compound 4 with o-aminophenol in presence of a catalytic

Scheme 4. Degradation of 2-cyano-benzo[f]coumarin 4.
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amount of triethylamine gave 2-(benzo[d]oxazol-2(3H)-ylidene)-1-(p-tolyl)-1,2-dihydro-
3H-benzo[f]chromen-3-one (15) (Scheme 5). Structures of compounds 14 and 15 were
well supported by elemental analyses as well as spectral data. IR spectrum of compound
15 devoid the absorption band of nitrile group and showed presence of a broad absorp-
tion band at 3232 cm�1 related to NH group alongside with a,b-unsaturated carbonyl
group at 1682 cm�1. While, its 1H-NMR spectrum revealed that in solution, compound
15 presents in two forms [C] and [D] (cf. Figure 3) in ratio 56.7:43.3 due to 1,3-proton
shift. Thus, the 1H-NMR spectrum of 15 displayed two singlet signals at d 2.12,
2.24 ppm attributed to protons of methyl group in the two forms [C] and [D], two sing-
let signals at d 5.16, 12.23 ppm for NHb & NHd, respectively which were exchangeable
by D2O, and two singlet signals at d 5.74, 5.79 ppm assigned to Ha & Hc, respectively in
addition to a multiplet signal in the region of d 6.99–7.92 ppm attributed to 14 aro-
matic protons.

Antimicrobial evaluation

The antimicrobial activity of some of the newly synthesized compounds (2–4, 7, 10,
12–15) was determined using agar well diffusion method. These compounds were tested

Scheme 5. Reaction of 2-cyano-benzo[f]coumarin 4 toward some bidentate nucleophiles.
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in vitro for their antibacterial activity against two Gram negative bacteria, namely,
Escherichia coli (ATCC:10536) and Klebsiella pneumonia (ATCC:10031), one Gram posi-
tive bacteria, namely, Staphylococcus aureus (ATCC:13565) in addition to the pathogenic
fungi Candida albicans (ATCC:10231) using nutrient agar medium. A strong activity
was observed with compounds 2, 4, and 7 against Staphylococcus aureus while moderate
activity was observed with compounds 12, 13, and 15 against Staphylococcus aureus.
The inhibitory concentration was determined for each of the active compounds along
with Gentamicin, Ampicillin and Nystatin as positive controlled. Only compound 10
exhibit moderate activity against Klebsiella pneumonia while other compounds have no
activity against Klebsiella pneumonia. No activity was detected for all the synthesized
compounds toward Escherichia coli and Candida albicans. Results are shown in Table 1.
The presence of amino and carbonyl groups in ampicillin help this antibiotic to pass

through the pores of the outer membrane of Gram-positive bacteria, such as
Staphylococcus aureus and thus inhibits the third and final stage of bacterial cell wall
synthesis in binary fission, which ultimately leads to cell lysis. Likewise, compounds 2,
4, and 7 exhibited strong activity; this is may be due to the presence of NH2, NH and
CO groups (cf. Figure 4).

Experimental

All melting points were measured on a Griffin and George melting-point apparatus
(Griffin & Georgy Ltd., Wembley, Middlesex, UK) and are uncorrected. IR spectra were

Figure 3. 1,3-proton shift of compound 15.

Table 1. Antimicrobial screening results of the tested compounds.
Compd. no. E. coli K. pneumonia S. aureus C. albicans

2 NA NA 16.3 ± 0.5 NA
3 NA NA NA NA
4 NA NA 17.3 ± 0.5 NA
7 NA NA 20.3 ± 0.6 NA
10 NA 14.6 ± 0.5 NA NA
12 NA NA 11.6 ± 0.5 NA
13 NA NA 10.6 ± 0.5 NA
14 NA NA NA NA
15 NA NA 12.3 ± 0.5 NA
Gentamicin 27 ± 0.5 25 ± 0.5 NA NA
Ampicillin NA NA 22 ± 0.1 NA
Nystatin NA NA NA 21± 0.5

00, no activity (inhibition zone < 7mm); weak activity (7–10mm); moderate activity (11–15mm); strong activity
(>15mm). Solvent: DMSO.
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recorded on Pye Unicam SP1200 spectrophotometer (Pye Unicam Ltd., Cambridge,
UK) by using the KBr wafer technique. 1H-NMR spectra were determined on a Varian
Gemini 300MHz on Bruker Avance III using tetramethylsilane as an internal standard
(chemical shifts in d scale), while 13C NMR spectra were run at 75MHz. Elemental
analyses were carried out at the Microanalytical Unit, Faculty of Science, Ain Shams
University, using a Perkin-Elmer 2400 CHN elemental analyzer (Waltham, MA), and
satisfactory analytical data (±0.4) were obtained for all compounds. The homogeneity of
the synthesized compounds was controlled by thin layer chromatography (TLC), using
aluminum sheet silica gel F254 (Merck). Antimicrobial activity was carried out at bio-
chemistry central lab, Faculty of Science, Cairo University.

3-Oxo-1-(p-tolyl)-2,3-dihydro-1H-benzo[f]chromene-2-carboxamide (2)

A mixture of enaminonitrile 1 (1.56 g, 5mmol) and concentrated sulfuric acid
(10mL) was stirred at room temperature for 30min, then poured on cold water
(50mL). The precipitated solid was filtered off, dried and recrystallized from benzene
(15mL) to give compound 2 as beige crystals, mp 266–268 �C, and yield: 56%. IR
(KBr, �, cm�1): 3311, 3230 (NH2), 3030 (CH aromatic), 1758 (C¼Olactone), 1686
(C¼Oamide).

1H-NMR (300MHz, DMSO-d6) d (ppm): 2.21 (s, 3H, CH3), 4.04 (d,
1H, J¼ 1.5 Hz), 5.37 (d, 1H, J¼ 1.5 Hz), 6.99–8.00 (m, 10H, Ar-H), 7.28 (br s, 2H,
NH2, exchangeable with D2O).

13C-NMR (75MHz, DMSO-d6) d (ppm): 20.52, 55.31,
116.14, 117.15, 120.32, 120.33, 122.85, 125.21, 126.68, 126.88, 127.50, 128.32, 128.69,
129.58, 129.81, 130.26, 130.71, 136.74, 136.98, 149.25, 164.76, 168.06, and 178.92. MS
m/z (%): 331 (Mþ, 16.2), 318 (70.4), 237 (51.8), 185 (48.6), 125 (100), 87 (57.5).
Anal. Calcd. for C21H17NO3 (331.37): C, 76.12; H, 5.17; N, 4.23. Found: C, 76.33; H,
5.25; N, 4.09.

Antimicrobial assay

The sterilized media was poured onto the sterilized Petri dishes (20–25mL, each petri
dish) and allowed to solidify at room temperature. Microbial suspension was prepared

Figure 4. Structure of ampicillin and some of the designed target compounds.
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in sterilized saline equivalent to McFarland 0.5 standard solution (1.5� 105 CFU mL�1)
and its turbidity was adjusted to OD ¼ 0.13 using spectrophotometer at 625 nm.
Optimally, within 15min after adjusting the turbidity of the inoculum suspension, a
sterile cotton swab was dipped into the adjusted suspension and was flooded on the
dried agar surface then allowed to dry for 15min with lid in place. Wells of 6mm
diameter was made in the solidified media with the help of sterile borer. 100 lL of the
solution of the tested compound was added to each well with the help of micropipette.
The plates were incubated at 37 �C for 24 h in case of antibacterial activity. This experi-
ment was carried out in triplicate and zones of inhibition were measured in mm. scale.
Full experimental details and spectroscopic data (IR, 1H-NMR and 13C-NMR spectra)

for compounds 3, 4, 7, 10–15 can be found via the Supplementary Content section of
this article’s Web page.
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