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ABSTRACT

The syntheses and the fluorescence properties of various 2-{ 5-[2-
arylethenyl]-1,3,4-oxadiazol-2-yl} -3H-benzo[ f] chromen-3-ones (5a-€) ascan-
didate of novel fluorophores emitting in green region has been reported as
among the most sensitive and practically useful fluorescent brighteners.

© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Coumarins possesimportant photochemical and
photophysical properties®? leading to numerousin-
dustrial applicationg®4. Some of thederivativesare
also served asfluorescence brighteners®, Sincefluo-
rescenceishighly sensitiveto physicochemical envi-
ronments, avariety of such organic fluorescent com-
pounds havebeenwidely used inmany scientificfields,
for example, asanalytical tools such asfluorescent
labeling reagents®, fluorescence probes”, fluores-
cence sensorst®, and laser dyes. Several 7-
hydroxycoumarins having substituentsat 3rd position
rank among the most efficient photostablelaser dyes,
emitting in the blue green regioninthevisible spec-
trum. Thefirstindustrial optical brightener was pro-
duced from coumarinfamily is4-methyl-umbeliferone.
In 1999, the world production of fluorescent bright-
enersamounted to 40000 tons of active substances”.
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Thelasing range covered by coumarin dyes has been
appreciably extended when the substituents at 3 po-
sitionisaheterocyclic moiety***, Therefore, the syn-
thesisand study of electronic propertiesof coumarins
bearing different heterocydesat 3 position hasgained
much attention in order to obtain highly sengitivefluo-
rescence coumarin brighteners.

Recently we have reported the synthesisand fluo-
rescent propertiesof 2-(5-alkyl-1,3,4-oxadiazol-2-yl)-
3H-benzo[f]chromen-3-ones as strong bl ue fluorescent
compounds*?. In connection to thiswereport inthis
paper, the syntheses and the fluorescence properti es of
various 2-{ 5-[ 2-arylethenyl]-1,3,4-oxadiazol-2-yl} -
3H-benzo[f]chromen-3-ones (5a-€) as candidate of
novel fluorophoresemittingingreenregion, which could
beamongthemost sensitiveand practicaly useful fluo-
rescent brighteners. Thiswork was encouraged by our
previousinvestigation on new routesand new synthesis
of various heterocyclic compounds®?22,
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RESULTSAND DISCUSSION

The 3-ox0-3H-benzo[f] chromene-2-carbohy-
drazide 3 served askey intermediatein the synthesis of
anew rangeof fluorescent 2-{ 5-[ 2-arylethenyl]-1,3,4-
oxadiazol-2-yl} -3H-benzo[ f] chromen-3-ones (5a-€).
Thusthevarious2-{ 5-[ 2-arylethenyl]-1,3,4-oxadiazol -
2-yl} -3H-benzo[ f]chromen-3-ones (5a-€) were syn-
thesized from 3-oxo0-3H-benzo[f]chromene-2-
carbohydrazide 3 by reacting with various Cinnamic
acidsin presence of POCI,, in one pot at reflux tem-

(e}
O Piperidine / ethanol
+ >
OH 0 Reflux / 30min
CHO g
@ >

(5a-e)
Schemel: Synthesisof ethyl 3-oxo-3H-benzo[f]chr omene-2-car boxylate 2, 3-oxo-3H-benzo[f]chr omene-2-car bohydrazide 3,
and 2-{5-[2-arylethenyl]-1,3,4-oxadiazol-2-yl }-3H-benzo[ f]chr omen-3-ones (5a-€).

All the newly synthesized compounds have been
characterized by e ementa anaysisand spectroscopic
data. The spectra detailsof al these new compounds
aregiveninexperimenta section.

Theformation of (5a-€) wasverifiedwith'H NMR
and mass spectroscopic analysis. For example, *H
NMR spectraof (5a) indicatesthat the appearance of
two doublet at & 7.83 and 6 6.09 aredueto olefin CH
protons. Theremaining peaksresonating between 6 8.1-
7.02 correspond to 11 aromatic protons of
benzo[f]chromen-3-onering aswell asphenyl ring. A
singlet a 6 9.58 ppm attributeto the proton present at
4" position of thelactoneringin benzo[ f]chromen-3-
one nucleus. Further the structure of compound (5a)

= Fyl| Peper

perature on water bath (Scheme 1). Kegpingin view of
thedectronic propertiesof 2-{ 5-[2-arylethenyl]-1,3,4-
oxadiazol-2-yl} -3H-benzo[ f] chromen-3-ones (5a-€),
the various Cinnamic acids which contains el ectron
donating substituents such as—OCH,,, tetrahydrofuran
and weak donating group like-CH, was selected. On
theother hand e ectron withdrawing group like-Cl was
aso selected tofind out thedifferencesinthee ectronic
propertiesof compounds (5a-€). Thesegroupssignifi-
cantly changethe absorption and emission maximain
thevisible spectrumwhich areasshownin TABLE 1.

NH,NH.H,O0 / Equimolar

Reflux / 2h

POCI3 /reflux /12 h
>

5a =Ry, R3, Rg, H, H, H

) 5b = Ry, Rg, Ry, H, OCH3, OCHj

5¢ = Ry, Rs, Ry H, H, CHj
5d = Ry, Rg, R4 Cl, H, Cl

e = R2, R3,

was confirmed by its mass spectrum. Thusthe com-
pound (5a) gavemolecular ion peak at MS(M+1) 367
(100 %) whichiscorrespondstoitsmolecular formula
confirmsthe structure of the product.

Photo physical properties

The structures of all synthesized novel 2-{ 5-[2-
arylethenyl]-1,3,4-oxadiazol-2-yl}-3H-
benzo[f]chromen-3-ones (5a-€) are shown in Figure
2. Thesemoleculesare planar with extend conjugation,
hence, resultsin notable changesinthe pi-conjugated
length and red-shiftsin the absorption and emission
spectra. Fuorescence absorption spectraof thesemol-
eculesinchloroformaregiveninFigure 3.

To improvethefluorescence characteristics, of
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these coumarinsespecidly emission wavelength, here
we have selected unsaturated aromatic carboxylic ac-
ids. Asaresult it was observed that the fluorescence
property of 2-{ 5-[ 2-arylethenyl]-1,3,4-oxadiazol -2-
yl}-3H-benzo[f]chromen-3-ones (5a-€) (5a), (E,, =
481.8) and (5d), (E,,=478), (5¢), (E,, = 485.6), (5€),
(E,,=510.2), (5b), = (E,, = 524.6) increases shifts
withincreasing planarity and extended conjugation
(5a-€). Further, it was noticed that the fluorescence
properties, depend on the substituents on the
fluorophores. Fluorescence emissionincreaseswith
el ectron donating groups such as methoxy and tet-
rahydrofuran in compound (5b) and (5€), whereas
decreaseswith e ectron withdrawing groupslikechlo-
rinein compound (5a), and no substituentsin (5d).

OCHs
HsCO
(;g'&
Donor o) &)
>
\ \ &
N~ N >
&
RS
SZ’
Acceptor \0)

&
Figurel: Showing partsof donor, aceptor and delocalised
system

OCHj
H,CO
O
| 4
N—
N: ;; N\
(5a) (5b)
N\N

(5d)

HSQH

All the synthesized compounds showed excdllent fluo-
rescence propertieswith Stoke’s shift ranges from
35.8t0 107.6. In this study, new green fluorescent
dyes based on coumarin, has high fluorescenceyield
and chemicd stahility.

The results showed that the fluorescence absorp-
tion of compound (5b) exhibited maximum absorption
is417 nmand emission maximais’524.6 nm compared
to other compoundsasthey containse ectron withdraw-
ing subtitution particularly incompound (5d). Because,
as compound (5a) contains donor moiety like
dimethoxy phenyl group whichisconnected to accep-
tor oxadiazolemoi ety through a-C=C- maintainsco-
planarity between them. Also benzo[f]chromen-3-one
moiety hel psfor del ocalization of theexcited eectron
in the entire dye structure since there is a planarity
throughout the dye mol ecule. Emission maximawas
found to be524.6 nm resulted inastrong bathochromic
shift (417e524.6nm).

Hence, 2-{ 5-[2-arylethenyl]-1,3,4-oxadiazol-2-
yl} -3H-benzo[ f] chromen-3-ones (5a-€) were depends
ontheir molecular structures. Thefirst absorption band
of compoundsgtartsintheregion 446e481nmwhichis
dueto highly € ectron accepting character of oxadiazole
moiety, asaresult, thered-shift of absorption can pos-
sibly occur.

Sincedl new 2-{ 5[ 2-arylethenyl]-1,3,4-oxadiazol-

i

(5¢)

Figure2: Sructureof (5a-€)
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2-yl}-3H-benzo[ f]chromen-3-ones (5a-€) hasan ex-
tended conjugati on, displaysan unconstrained delocal -
ization. Hence, inthevisbleregion theabsorption bands
of dl thecompounds experiencesagood bathochromic
shift, the Stoke’s shift ranges from 35.8 to 107.6 nm.
Thenewly synthesized compounds (5a-€) emit green
region of thevisible spectrum that isbetter than any
other coumarinfluorophores.

2500

5c
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400 I 4%0 I 5[‘]0 ' 5;.0 I B(I)O ' 6;»0 ) 700
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Figure3: Theabsor ption and fluor escence spectr a of 2-{5-

[2-arylethenyl]-1,3,4-oxadiazol-2-yl}-3H-benzo[f]chr omen-3-

ones(5a-€) in chloroform

Sa 5b Sc¢ 5d Se

481.8nm 524.6nm  485.6nm 478.4nm 510.2nm

FigUE e4: Appear anceof 2-{5-[2-arylethenyl]-1,3,4-oxadiazol-
2-yl}-3H-benzo[f]chr omen-3-ones5a-ein UV chamber

TABLE 1: Absorption and fluorescence char acteristics of
2-{5-[2-arylethenyl]-1,3,4-oxadiazol-2-yl}-3H-benzo[f]-
chromen-3-ones(5a-€) in chloroform

Maximum Stoke’s

Compound __ wavelength (nm) shift (nm) Av/em™
Excitation Emission

ba 446 481.8 35.8 16660

5b 417 524.6 107.6 48968

5c 449 485.6 36.6 20328

5d 436 478.4 42.4 16786

5e 440 510.2 70.2 31271

= pFyl/ Poper
Antibacterial activity®

All the synthesized compounds (TABLE 2) were
tested for their antibacterial activity against various
bacterial strainsbelongingto Gram positive Saphy-
lococcus aureus, Bacillus subtilis, Sreptococcus-
haemolytius, Gram negative, Salmonella typhi, Es-
cherichia coli, Pseudomonas aeruginosa, and
Klebsiella species. Streptomycin was used as stan-
dard drug for comparison. All the synthesized com-
poundswerefound to active against all bacteria. The
maximum activity wasfound in compounds (5a), (5d),
and where as (5¢) moderately active and (5b), (5€)
arelessactive.

TABLE 2: Antibacterial activity of 2-{5-[2-arylethenyl]-1,3,4-
oxadiazol-2-yl}-3H-benzo[f]chr omen-3-ones(5a-€), and inhi-
bition zonewasmeasured in mm

ho 3 a
© @©
g §-§§w%_8§% %’.2%8
o) 8> 88 S5€ ES o= =% @5
S BEE g5 gz g 2747
5E S g u

5a 23 22 23 22 24 21 23
5b 19 18 20 18 19 19 20
5c 24 20 22 20 20 21 22
5d 25 23 24 23 26 23 25
5e 20 19 21 19 21 20 21
Standard 22 23 24 22 23 22 23
Contro OO OO 00 00O 00 00 0O

Note: Sandard drug used: Streptomycin (40 pg/mL); Compounds
used: (40 pg/mL); Control: DMSO (Dimethyl sulphoxide)

Analgesic activity

Male Swissa bino micewere produced from Virus
Diagnostic Laboratory, Shivamogga. Karnataka, India
Analgesic activity was calcul ated as the percentage
maximum possibleeffect (%M PE) and theresultsare
recordedin (TABLE 3)

Anagesic propertiesof test compoundswerecom-
pared with theactivity of standard drug aspirin having
percentageof protection vaue54. Thecompounds (5e),
exhibited almost equi potent percentage protection as
compared with standard aspirin and compounds (5a)
and (5d) showed moresignificant percentage protec-
tion and compounds (5b), (5¢), are showed | ess per-
centage protection compared to standard.
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TABLE 3: Analgesicactivity of 2-{5-[2-arylethenyl]-1,3,4-
oxadiazol-2-yl}-3H-benzo[f]chr omen-3-ones(5a-€)

Dose Mean no. of writhing %
Compound
mg/kg Beforedrug After drug MPE
Standard 100 24.00+1.41 11.00+1.26 54.00
Control 100 33.66+0.816 33.33+1.0 1
5a 100 40.6+2.1 15.8+1.43 61.1*
5b 100 33.33+0.683 16.16+0.577 51.52
5¢c 100 34.16+06  16.08+0.57 50.73
5d 100 40.6+2.1 13.8+0.43 61.3*
5e 100  35.05+0.57 16.16+0.60 54.47*

Analgesic activity, *P<0.001 vs. Control, student’s t-test, n = 6

EXPERIMENTAL

General

All the chemical sused were of analytical grade.
M elting points were uncorrected, determined in an
open capillary. Purity of the compoundswas checked
by TLC onslicage and was purified by using column
chromatography. *H NM R spectrawas recorded on
aBruker supercon FT NMR (400 MHz) spectrom-
eterin CDCI, or DMSO-d, and, TMSasan internal
standard. Thechemical shiftsareexpressedin d units.
IR spectrawere recorded by using JASCO FT/IR-
300 E spectrometer from aKBr pelleted sample. Mass
spectrawas recorded on aJEOL SX 102/DA-6000
(10 kV) FAB mass spectrometer. A fluorescence
spectrum was recorded by F-7000 FL (SL. NO
1911-004, ROM 5J14000 03) Spectrophotometer.
The Elemental analysiswas obtained by “Elementar
vario EL-II instrument”.

Synthesisof ethyl 3-oxo-3H-benzo[f]chromene-2-
carboxylate(2)

A mixture of 2-hydroxy-1-naphthal dehyde (2.9
mmol) 1, an equivaent amount of diethyl maonate (2.9
mmol), and catal ytic amount of piperidinein ethanol
(30 ml) wasrefluxed for 30 minutes on water bath.
After thereaction was compl eted, the reaction mixture
was cooled to room temperature and poured into
crushed icewith tirring. The preci pitate obtained was
thenfiltered, washed withwater, dried and recrystallised
using ethanol to get ethyl 3-oxo-3H-benzo[f]chromene-
2-carboxylate. m.p. 115-116 °C.

@Wu'c CHEMISTRY —

Synthesis of 3-ox0-3H-benzo[f]chromene-2-
carbohydrazide(3)

A mixtureof ethyl 3-oxo-3H-benzo[f]chromene-
2-carboxylate 2 (3.8 mmol) and hydrazine hydrate
(3.8 mmol) wasdissolved in ethanol and stirred at .t
for one day. After the completion of thereaction, the
reaction mixturewas cooled to room temperatureand
poured into crushed ice with stirring. The separated
solid was filtered, washed with water, dried and
recrystallised with ethanol to get pureyellow 3-oxo-
3H-benzo[f]chromene-2-carbohydrazide 3. M.p.
261-263 °C (M.p. 260-262 °C11),

Synthesis of 2-[5(-2-phenylethenyl)-1, 3, 4-
oxadiazol-2-yl]-3H-benzo[f]chromen-3-one (5a)

Phosphorous oxychloride 10ml was added to the
mixture of 3-oxo-3H-benzo[f]chromene-2-
carbohydrazide (1.97 mmol, 0.5 g) and cinnamic acid
(1.97 mmol, 0.29 g). Thereaction mixturewasthen
refluxed for about 10-12 hr on water bath and cooled
to room temperature. The mixture was poured into
crushed icewith stirring and it was neutralized by
using saturated sodium bicarbonate solution. Theyel -
low precipitate obtained wasfiltered, washed with
water, dried and purified through column chroma-
tography using ethyl acetate and petroleum ether (2:8)
aseluent. Similarly, the compounds (5b-€) were syn-
thesized.
2-[5-[2-phenylethenyl]-1, 3, 4-oxadiazol-2-yl]-3H-
benzo[f]chromen-3-one(5a)

Yellow brown Solid, Yield 70%; m.p.135-138°C
(ethyl acetate); '"H NMR (300 MHz, DMSO-d,) &
(ppm): 9.58 (s, 1H, CH), 7.83(d, 1H, J=9.4 Hz),
7.74 (m, 1H), 7.59 (d, 2H, J = 10.8 Hz), 7.36 (d,
2H, J = 6.27 Hz), 7.29 (m, 4H), 7.02 (t, 1H, j =
8.19Hz),6.09 (d, 2H, j =1.89 Hz): *CNMR (400
MHz, DMSO-d,) 6 (ppm): 166.7 (s), 160.3 (s),
155.8(s), 153.9(s), 141.3 (d), 135.8 (d), 134.9(9),
134 (d), 130.1(s), 129.2 (d), 129.2 (d), 129.1 (s),
128.4 (d), 128.4, 127.7 (d), 126.9 (d), 126.2 (d),
126.2 (d), 124.8 (d), 122.1 (d), 116.6 (d), 113.6
(9), 112.1 (): IR (KBr) v (cm'1): 1768 (s) (C=0
pyrone), 1602 (s) (C=N); MS (m/z): 367 (M+1).
C,H,,N,O,=C,75.40; H, 3.85; N, 7.65 Found: C,

23" 14

74.69; H, 4.20; N, 7.58.
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2-[5-[2-(3, 4-dimethoxyphenyl) ethenyl]-1, 3, 4-
oxadiazol-2-yl]-Hbenzo[f]chr omen-3-one (5b)

Redish Solid. Yield 85%; m.p.164-167'C (ethyl
acetate); '"H NMR (300 MHz, DMSO-d,) 6 (ppm):
9.4 (s, 1H, CH), 8.68 (m, 1H), 8.34 (d, 1H, J=9.06
Hz),8.1(d, 1H,J=7.6 Hz), 7.80 (m, 6H), 7.04 (d,
1H,J=7.0Hz),6.7 (d, 1H, J= 2.0 HZ), 3.8(d, 6H,
J=6Hz): ®*CNMR (400MHz, DMSO-d,) 5 (ppm):
166.7 (s), 160.1 (s), 155.6(s), 153.9(s), 148.0, (9),
147.2, (s) 141.1 (d), 135.8 (d), (s), 134 (d), 130.6
130.1(s), 129.2 (d), 129.2 (d), 129.1 (s), 128.0,
127.7 (d), 126.9 (d), 122.2 (d), 122.2 (d), 122.1
(d), 116.6 (d), 113.6 (s), 112.1, 55.9, 55.9: IR (K Br)
v (cmrl): 1761 (s) (C=0 pyrone), 1626 (s) (C=N);
MS (m/z): 427.4 (M+1). Anal. Calcd. For
C,.H,N,O.,=C,70.42; H, 4.25; N, 6.57 Found: C,
70.29; H, 4.06.; N 6.51.

2-[5-[2-(4-methylphenyl) ethenyl]-1, 3, 4-oxadiazol-
2-yl]-3H-benzo[f]chr omen-3-one(5c)

Bright Yellow Solid, Yield 80 %; m.p.148-151°C
(ethyl acetate); '*H NMR (300 MHz, DMSO-d,) &
(ppm): 9.62 (s, 1H, CH), 8.81(d, 1H,J=8.9H2z),8.3
(d, 1H, J=9.2 HZ), 8.1 (d, 1H, J= 9.0 Hz), 7.8 (¢,
2H,J=7.4Hz), 7.75(m, 4H), 7.42 (d, 1H, J= 16.8),
7.3(d,2H,J=8.52Hz),2.48(s,3H,CH,): ®CNMR
(400 MHz, DMSO-d,) 6 (ppm): 166.7 (s), 160.6 (s),
155.8(s), 154.0(s), 141.8(d), 137(s) 135.9(d), 134.9
(9), 134 (d), 130.3(s), 129.4 (d), 129.4 (d), 129.2 (s),
129.2(d), 129.2, 127 (d), 125.9 (d), 125.9 (d), 124.7
(d),122.1(d), 116.1 (d), 113.7(s), 112.6 (5), 20.6: IR
(KBr) v (cnrl): 1764 (s) (C=0 pyrone), 1618 (s)
(C=N); MS (m/z): 381.39 (M+1). Anal. Calcd. For
C,H,N,O,:=C, 70.42; H, 4.25; N, 6.57 Found: C,

24" '16

70.31; H, 4.17; N, 6.67.
2-[5-[2-(2, 4-dichlorophenyl) ethenyl]-1,3,4-
oxadiazol-2-yl]-3H-benzo[f]chr omen-3-one(5d)
Yellow Solid. Yield 50%; m.p.181-184°C (ethyl
acetate); '*H NMR (300 MHz, DMSO-d,) § (ppm):
9.6 (s, 1H),8.8(d, 1H, J=8.4Hz),8.37(d, 1H, J=
9.0Hz),8.13(d, 1H,J=11.0Hz), 7.89 (m, 6H), 7.49
(d, 1H, J = 5.88 Hz), 7.45 (d, 1H, J = 16 H2);
BCNMR (400M Hz, DMSO-d,) 5 (ppm): 166.7 (),
160.3 (s), 155.8(s), 153.9(s), 141.3 (d), 138.5 (),
135.8 (d), 135, 134.9 (s), 134 (d), 133, 130.1(s),
129.2 (d), 129.2 (d),129.2 (d)126.9 (d), 129.0, 126.5

= Fyl) Paper

(d), (d), 124.9 (d), 122.1 (d), 116.6 (d), 113.6 (9),
112.1(s): IR(KBr) v(cm1): 1763 (s) (C=0O pyrone),
1612 (s) (C=N); MS (m/z): 436.25 (M+1). Anal.
Calcd. ForC,H..N.O,: =C, 63.47; H, 2.78; N, 6.44

23" 12 273

Found: C, 63.36; H, 2.69; N, 6.18.

2-[5-[2-(2, 3-dihydro-1-benzofuran-7-yl) ethenyl]-1,
3, 4-oxadiazol-2-yl]-3H- benzo[f]chromen-3-one(5€)

Redish Solid. Yield 60% m.p.192-194°C (ethyl
acetate); '"H NMR (400 MHz, CDCl,)  (ppm): 9.41
(s,1H, CH), 8.40(d, 1H,J=8.4Hz), 8.14 (d, 1H, J
=9.0Hz),7.98(d,2H,J=8.0Hz), 7.80 (t,2H, J =
7.2Hz),7.60(t,1H,J=7.5Hz),7.54(d,1H,J=9.0
Hz), 7.14(d, 1H, J=6.1Hz),6.9(d, 2H, J=7.4 Hz),
45(t,2H,J=7.7Hz),3.1(t,2H,J=75Hz): 3C
NMR (400 MHz, DMSO-d,) 8 (ppm): 166.7 (), 160.3
(9), 158.8 (s), 155.8(s), 153.9(s), 141.3 (d), 135.8
(d), 134.9(s), 134 (d), 130.1(s), 129.2(d), 129.2 (d),
129.1 (s), 127.7 (d), 126.9 (d), 126.2 (d), 124.8 (d),
124(q), 122.1(d), 118(d), 116.6 (d), 113.6 (s), 112.1
(9), 29.1, 29.1: IR (KBr) v (cm1; 1765 (s) (C=0
pyrone), 1621 (s) 1621 (s) (C=N); MS (m/z): 409.4
(M+1).And. Cacd. For C,H,N.O,: =C, 73.52; H,

25 160 2

3.95, N, 6.86 Found: C, 73.29; H, 3.89, N, 6.73.
CONCLUSION

Highly planar and delocalized 2-{5-[2-aryl
ethenyl]-1,3,4-oxadiazol-2-yl} -3H-benzo[ f] chromen-
3-oneshasbeen produced through ssmpleand conve-
nient route. Theresultsshown that duetoincreasein
planarity and extended conjugation, al 2-{ 5-[2-aryl
ethenyl]-1,3,4-oxadiazol-2-yl} -3H-benzo[ f] chromen-
3-onesdisplayed alargest bathochromic shifts. All the
synthesized compounds are hitherto unknown inlit-
erature and are observed to possessexcel lent fluores-
cence and pharmacol ogical properties. Hence 2-{ 5-
[2-arylethenyl]-1,3,4-oxadiazol-2-yl} -3H-
benzo[f]chromen-3-ones could beavery useful fluo-
rescent dyesfor industria gpplications.
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