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ABSTRACT

A series of 2(5H)-Furanone derivatives were prepared starting from 3,4-
dibromocrotonolactone, which was obtained from highly functionalized
mucobromic acid. Lactone on treatment with various nucleophiles gave 4-
substituted-3-bromo-furanone derivatives. These derivatives were tested
for their short term cytotoxic activity and three of them were found active.
Compound 4-(2-Aminoanilino)-3-bromo-2(5H)-furanone 5 was found to be

most active against DLA and Hel acell lines.
© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

2(5H)-Furanone derivativesarealargefamily of
heterocycles that include synthetically useful com-
pounds, severad natura productsand drugswith diverse
biologica activitiesrangingfrom antibiotic, cytotoxic,
antitumor and inhibition of cholesteral biosynthesig*4
Mucobromic acid or 3,4-dibromo-5-hydroxy-2(5H)-
furanoneisahighly functionalised, inexpensvestarting
meaterid which can provideas mpleand convenient entry
to awide variety of interesting organic compounds.
Reactionsof mucohdic acid serieswithdl penicillamine
anditsmethyl eter gavethefused y-lactam thiazolidines
which are structurally related to penicillin’st.
Mucobromic acid was prepared from furanoic acid by
treatment with brominein 60-70% yield or it may be
prepared from furfural with broming®”, Stablereac-
tion products of mucohalic acid with aromatic and het-
erocyclic thiolswere synthesized and characterized.
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Under basic conditionsthe reactions proceeded with
the substitution of the chlorine atom(s) by
arylthiogroup(s), whilein an acidic mediumthehydroxyl
group at C_ was substituted. Different types of new
sul phur-containing products of di- and tri substitution
on the basi s of mucochloric acid were obtained®. To
study thereactivity of the system towards nucleophiles,
thefirst seriesof reaction was carried out with hydra-
Zineanditsderivativesand it wasfound that pyridazone
derivativeswerethe products®.

EXPERIMENTAL

Mélting pointswere determined on aNeol ab cap-
illary melting point gpparatusand areuncorrected. UV
spectrawere obtai ned with a Schimadzu 160-A spec-
trophotometer. IR spectra (KBr) wererecorded on a
Schimadzu DR8001FT-IR. 1H NMR spectra were
obtained on aJeol GSX 400NBFT-NMR spectrom-


mailto:sinducv@gmail.com

OCAIJ, 8(2) 2012

C.V.Sindhu Ramachandran et al. 61

eter operating at 400 MHz. Chemical shiftswerere-
portedin & units (ppm) relativeto (CH,) S asinterna
standard. Mass spectrawererecorded on aFinnigan
Mat 8230 mass spectrometer. Elementa anayses(C,
H, N) for final compoundswere performed onaCarlo
ErbaModd 1106 anayzer. Thinlayer chromatography
(TLC)wascariedout on Silicagel G plates. Theprod-
ucts were separated by column chromatography on
slicagd of 60-120 meshsize.

3,4-Dibromo-2(5H)-furanone(2)

To amixture of mucobromic acid in water (1g,
0.0039mol) was added sodium borohydride (0.15g,
0.0018mal) withtirring. Themixturefrothed and turned
ydllow. After stirringfor 1h at room temperatureit was
diluted with 2N HCI (20mL) and cooled. The solid
Separated was collected, dried and recrystallised from
hexane.

Yield 0.65g (65%), mp 89°C; UV(CH,OH):
Amax(g), 237nm(7000); IR(KBr) v cm: 1790 (C=0),
1610 (C=C), 1215 (C-O); ,H NMR (TMS) dppm :
4.92(s, 2H, CH,); MS: 240 (M*),242(M+2).
4-Azido-3-bromo-2(5H)-furanone(3)

Toanicecoldsolution of NalN, (100mg, .0016moal)
in CH,CN (10mL) was added 3,4-dibromo-
crotonol actone (200mg,0.0008moal) in CH,CN (5mL)
and stirred overnight at room temperature. It wasdi-
luted with water (10mL) and then extracted with ether
(50mL). Theether layer waswashed with 5% Na,S,0,
ad then with water. The ether layer was dried and
evaporated to give needl e shaped crystalswhich was
purified by crystallization from hexane.

Yield 100mg (50%), mp 60°C; UV(CH,OH):
Amax(g), 268nm(11500); IR(KBr) cmr®: 2131 (N,),
1750 (C=0),1625 (C=C), 1230 (C-O); ,H NMR
(TMS) dppm: 5.19(s, 2H, CH,); MS: 203(M*),
205(M+2).

3-Amino-3-bromo-2(5H)-furanone(4)

A mixture of 2 (150mg, 0.0006mol) and NaN,
(80mg, 0.0012moal) in CH,CN (10mL) wasrefluxed
for 4h onawater bath. The mixturewasdiluted with
water (15mL) and extracted with ether (100mL). The
ether layer was washed with water, dried and con-
centrated under reduced pressure and theresidue ob-
tained wasrecrystallised from ethyl acetate-hexane
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mixture(99:1).

Yield 90mg (60%), mp 178°C; Uv(CH,OH):
Amax(g), 258nm(19560); Ir (KBr) cm™: 3300,3456
(NH,), 1750 (C=0), 1649 (C=C); ,H NMR (TMYS)
dppm:4.73(s, 2H, CH,), 4(s, 2H,NH,); MS: 268(M*),
270(M+2). And. Cacd. for CH,BrNO,: C 28.51; H
2.06; N 7.90. Found: C 28.39; H 2.23; N 7.84.
4-(2-Amino)anilino-3-bromo-2(5H)-furanone (5)

To asolution of 2(200mg, 0.0008mol) in DMF
(ImL) was added o-phenylene diamine (80mg,
0.00075moal) and stirred for 3h. It was poured into
crushediceand the solid separated wasfiltered, dried
and recrystallised from ethyl acetate-hexane mixture
(99:1).

Yield 100mg (50%), mp 145°C; UV (CH,OH):
Amax(g), 267nm(14870), 240nm(13320), ; IR(K Br)
cmt: 3366,3347,3312 (NH and NH,), 1736 (C=0),
1640 (C=C); 1H NMR (TMS) dppm: 9(s, 1H, NH),
6.45-7.1(m,4H,Ar,), 5.2(s, 2H, CH,), 4.67(s, 2H,
NH,); MS: 268(M™), 270(M+2). Anal. Calcd. for
C,,H,BrN,O,: C44.77, H 3.35; N 10.44. Found: C
44.05; H 3.13; N 10.40.
3-Bromo-4-(2-hydr oxy)anilino-2(5H)-fur anone(6)

To a solution of 3,4-dibromocrotonol actone
(500mg, 0.002mol) in CH,OH (5mL) was added o-
aminophenol (200mg, 0.002mol) and two dropsof py-
ridine. Themixturewasrefluxed for 3h onawater bath
and poured over crushed ice. The solid separated was
filtered and dried. Further purification wasdoneon a
silicacolumnwith CHCI-CH,OH (99:1) aseluent.

Yield 350mg (70%), mp 171°C; UV(CH,OH):
Amax(g), 280nm(23000),; IR(KBr) cm*: 3088,3341
(OH and NH), 1716 (C=0), 1626 (C=C), 1230 (C-
0); ,HNMR (TMS) 5ppm :10.01(s, 1H, OH), 8.9(s,
1H, NH), 6.8-7.1(m,4H,Ar,), 4.8 (s, 2H, CH,),; MS;
269(M*), 271(M+2). Anal. Calcd. for C, H,BrNO,:
C44.60; H 2,79; N 5.20. Found: C44.32; H2.80; N
5.14.

N,N’-Bis(3-br omocrotonolactonyl) hydrazine(7)

To a solution of hydrazine hydrate
(0.2mL.0.004mol) in CH,OHwas added 3,4-
dibromocrotonolactone (500mg, 0.002mol) and stirred
overnight. Thereaction mixturewasdiluted with water
(25mL) and extracted with CH,Cl (150mL). Thecom-
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pound was purified by asilicacolumnwith CH_Cl . as
eluent and further recrystdlisation from CHCI -CH,OH
to givethe product.

Yield 250mg (50%), mp 150°C; UV (CH,OH):
Amax(g), 320nm(23460), 276nm(22390; Ir (KBr) cm;
3300 (NH), 1749 (C=0), 1626 (C=C), 1219 (C-0);
HNMR (TMS) 8ppm: 8.5(s, 1H, NH), 5.29 (s, 2H,
CH,),; MS: 269(M*), 271(M+2). Anal. Calcd. for
C,HBr,N,O,: C 27.27; H 1.70; N 7.95. Found: C
27.9;H 1.65; N 8.01

4-Anilino-3-bromo-2(5H)-furanone(8)

To acold solution of 3,4-dibromocrotonol actone
2 (100mg, 0.0004mol) in absol ute ethanol (1mL) was
added aniline (0.07mL, 0.0008mol) in ImL acohoal.
Themixturewas cooled overnight, when asolid was
formed, The solid was separated and recrystdlised from
CHCl,,.

Yield 65mg (65%), mp 81°C; UV (CH,OH):
Amax(g), 284nm(29000); IR (KBr) cm*: 3300(OH),
1790 (C=0), 1600 (C=C), 1259 (C-0); ,H NMR
(TMS) 6ppm :9.69 (s, 1H, NH), 7.12-7.45(m,5H,Ar,)
5.12(s, 2H, CH,),; MS: 253(M*), 255(M+2). Anal.
Calcd. for C, H,BrNO,: C 47.43; H 3.16; N 5.53.

100 '8

Found: C 47.22; H 3.10; N 5.63.
3-Bromo-4-N-(pyrrolidino)-2(5H)-furanone (9)

Toasolution of 2(500mg, 0.002moal) in THF (3mL)
was added pyrrolidine (0.3mL, 0.0042mol) in THF

(3mL) Thereaction mixturewasstirred until thespot of
lactoneon TLC (methylenechloride) disappeared. The
volumewas reduced and diluted with water (25mL),
extracted with chloroform (100mL ). The solvent was
removed and the component was separated by silica
columnusing CHCl-CH,OH (99:1) mixtureas€ uent.

Yield 300mg (60%), mp 135°C; UV(CH,OH):
Amax(g), 277nm(12360); IR (KBr) cm*: 1732 (C=0),
1650 (C=C), 1259 (C-0); ,H NMR (TMS) &ppm:
4.7 (s, 2H, CH,), 3.3(m,4H, 2CH,) 2.1(m, 4H,
2CH,),; MS: 231(M"), 233(M+2). Anal. Calcd. for
C,H,,BrNO,: C41.55; H 4.32; N 6.06. Found: C 42;
H 4.46; N 5.60.

DISCUSSION

Herewearereporting somefuranone derivatives
prepared from 3,4-dibromocrotonol actone (Scheme 1).
Mucobromic acid | was reduced with sodium borohy-
dride in aqueous medium to give 3,4-
dibromocrotonolactone (2)

Reduction of compound (2) with NaN,, in aceto-
nitrile at room temperature gave 4-azido-3-bromo-
2(5H)-furanone (3). The product gave peaks corre-
sponding to M* and M+2 peaks at 203 and 205 re-
spectively inthe mass spectrum. NMR gave asinglet
corresponding totwo hydrogensat 6 5. UV spectrum
showed & __ at 268nm and thered shift from that of

O O O
Br reaction a Br reaction (b-h) Br
| o —— | o —— | o
Br Br R
b OH g H H
1) &) (3-9)
reactions and reagents; 3. R- Ng @)
Br
a. NaBH,in agueous medium, 4. R - NH, 7 R
) . 0]
b. NaNjin acetonitrile,
HoN NH—NH—
c. NaN3/CH3;CN-reflux, H H
R -
d. o-phenylene diamine in DMF, —HN 8 R- NHC.H
- - 65
e. o-aminophenol in pyridine,
HO
f.  Hydrazine hydrate in CH3OH, 6 R D 9. R - C4H8N-
g. anilinein ethanol, —HN
h. pyrrolidine in THF
Scheme 1
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compound (1) isdueto extended conjugationwith N,
which confirmsthat the azide group ison thecarbon 3
to the carbonyl group. IR also shows strong azide
absorption at 2131cm™.

Thesamemixtureonrefluxingfor 3hgave4-amino-
3-bromo-2(5H)-furanone (4). Mass spectragave m/z
peaksat 177 and 179 corresponding to M+ and M +2
ions. Ir shows band corresponding to NH,, and C=C
doublebond. These datawere supported by NMR and
eementa anadysis.

3,4-Dibromocrotonol actone was stirred with o-
phenylenediaminein DMFfor 3hto giveasolid prod-
uct which was identified as 4-(2-amino)anilino-3-
bromo-2(5H)-furanone (5). The compound contains
freeNH, and Br, but nointernal cyclisationwastaking
place even on further heating. Compound (2) with o-
aminophenol in CH,OH in presenceof pyridinegavea
solid in40%yield. Elementd analysisand other spec-
tral data confirmed the product as 3-bromo-4-(2-
hyroxy)anilino-3-bromo-2(5H)-furanone (6).

Reaction of hydrazine hydrate and 3,4-
dibromocrotonolactone in methanol gave 4-bis(3-
bromocrotonol actonyl)hydrazine (7). Reaction of lac-
tone(2) withanilinein asoluted cohol gavean off white
solid. IR spectragave bands corresponding to lactone
carbonyl and unsaturation. M ass spectragave molecu-
lar ion peak aongwith M+ 2 peaks. All these suggest
the product as4-Anilino-3-bromo-2(5H)-furanone(8).
Secondary amineslikemorpholine, pyrrolidineand pi-
peridine were reacted with thelactone and products
wereisolated. The product obtained from pyrrolidine
aonewasstableand it wasidentified as4-pyrrolidino-
3-bromo-2(5H)-furanone (9).

In all thesereactionsthe product formed was by
the replacement of halogen 3 to the carbonyl group.
No productswere obtai ned by addition acrossdouble
bond or replacement of both theha ogens. The mecha:
nism for the above reactions can be predicted as addi-
tiondimination.

ASSESSMENT OFCYTOTOXICITY

HelLa and DLA cell lines were obtained from
NCCS Pune, Indiaand maintained at Laboratory of

Tumor Immunol ogy and Functiona Genomics, Regiond
Cancer Centre, Thiruvananthapuram, India. Furanone

= Fyl) Paper

derivativesweredissolved in DM SO and serialy di-
luted using mi cropi pettes. Cytotoxicity wasthen assessed
usingtheTrypan BlueDyeexclusonstainingandMTS
non-radioactivecdll proliferation assay. All procedures
described werereviewed and approved by the Institu-
tiond Animal Ethical Committee.

Short-terminvitrocytotoxicity of furanonederiva-
tivesusingtrypan blue

Thisdyeexdusontestisused todeterminethenum-
ber of viable cells present in acell suspension. For
Trypan Bluestaining, HeLa/DLA cdll lineswereincu-
bated with varying concentrations of thefuranone de-
rivativesstarting from 2000 ug/mL to 0.98ug/mL for 3
hoursand 1% Trypan Bluewasadded for aminuteand
counted. Viablecdlsexcludedyewhilenon-viablecdls
arebluecolored. Cytotoxicity isdetermined by calcu-
lating percentage cell degths.

Deter mination of longter m invitr o cytotoxicty by
furanonederivativesin DLA (HelL a) cellsusing
MTS assay

MTSassay usesthe solubletetrazolium sat, MTS,
whichisversttileand advantagesover other cytotoxicity
assaysdueto the solubility of the MTS formazan prod-
uct in culturemedium. The measurement of the absor-
bance of theformazan can be carried out using 96 well
microplatesat 490nm. The assay measures dehydroge-
naseenzymeactivity foundin metabolicaly activecdls.
Sincetheproduction of formazanisproportiona tothe
number of living cells, theintengity of theproduced color
isagoodindication of theviability of thecells.

DLA (Hela) cdls(5000 cdls/ well), control 1 (me-
dium only) and control 2 (medium + cells) were seeded
intriplicatesin 96 well microtitre platesand incubated
for attachment at 37°C in 5%CO,, incubator for 12
hours. After 12 hours, 100 pul of different concentra-
tionsof thefour active furanonederivatives (concen-
tration ranging from 2000 pg/ml to 0.98 pg/ml) were
added to each well excluding the control wells. The
plateswerethen incubated at 37°C in 5% CO, incuba-
tor for 48 hours. 20 uL. of MTS-PMS solution was
added and incubated in dark for another 4 hoursand
absorbances were recorded at 490 nm using ELISA
plate reader. IC_ values of thefour furanone deriva-
tiveswerecal culated asper MTS assay.
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RESULTS

Effect of furanonederivativeson short term invitro
cytotoxicity

Resultsof short term cytotoxicity indicated 4 out of
9 compoundsin 12 concentrations showed cytotoxic
activity against DLA aswdl asHel acdl linesin about
3hours. Thecytotoxicity wasmoreseverein DLA cells
which brought about 85% of the cell death by Com-
pound (5) followed by compound (8) 65%, then com-
pound (3) 55% and compound (6) 45%. Inthe case of
Hel acells, the cytotoxicity was observed in the order
5(70%) > 8(57%) > 3(56%)> 6(44%).

Effect of furanonederivativeson longterminvitro
cytotoxicity

Resultsof long term cytotoxicity of Furanonede-
rivativesby M TSassay confirmed cytotoxicity of these
4 compoundsintheorder (5) > (8) > (3) > (6) inboth
thecdl lines. Compound (5) showed themaximum cy-
totoxicabilityin DLA aswell asHelacdll linesindl the
dosestested. The IC_, values obtained against DLA
cdlsfor (5) (62.5ug/mL) was the lowest and (6) (1350
ug/mL) was the highest, whereas IC_ val ues against
HelL afor (5) (225 ug/mL) was the lowest and (6) (1450
ug/mL) was the highest (TABLE 1).

TABLE1:IC, valuesasper MTSassay

Compound DLA HelL a
5 62 pg/mL 225 pg/mL
8 125 pg/mL 500 pg/mL
3 750 pg/mL 1000 pg/mL
6 1350 pg/mL 1450 pg/mL
CONCLUSION

Starting from mucobromic acid aseriesof furanone
derivatives have been prepared and characterized. All
the compoundswere screened for invitro cytotoxicity
and compounds (5), (8), (3), and (6) wereactive. 4-
(2-Amino)anilino-3-bromo-2(5H)-furanone (5) was
found to bemost active against HeLaand DLA cell
lines. Accordingtothereview of Leeet a.[*! theedec-
trophilic binding of the reactive unsaturated lactones
to cellular nucleophiles such asenzymesor DNA may

be proposed as the mechanism of their cytotoxic ac-
tion*?, Thusthe derivatives(5), (8), (3) and (6) are
considered asagentswith antitumour activity and can
therefore be suggested for further invitro and invivo
screening.
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