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Angularly fu sed bisaroylbenzodifurans 3a-f have been synthe­
sized by condensing 2,4-diacetyl resorcinol 1 with various p­
substi tuted phenacyl bromides 2a-f under (a) phase transfer ca­
talysis method and (b) microwave irradiation method . A compari­
son has been made between the two methods. Microwave irradia­
tion has been found to be an efficient route for the synthesis of 
angularly fused bi saroylbenzodifurans . All the compounds 3a-f 
have been screened for anti -bacterial activity. The benzodifurans 
3c and 3f have shown excellent activity agai nst gram-positive 

(Staphylococcus aureus) bacteria at both 600 and 900 llg/mL and 

the compound 3b and 3d are found active at 900 Ilg/mL on the 
same bac(eia. The bisaroylbenzodifurans 3a-f have also been 
screened for anti-fungal activity . The compounds 3c, 3d and 3f 
have shown maximum spore germination inhibition on 
Drechslera halodes fungi and the compounds 3a, 3b, 3c, 3d, and 
3f have shown maximum spore germination inhibition on Fusa­
rium oxysporum fungi at 960 llg/mL . The bisaroylbenzodifurans 
3a and 3e have been screened for anti -implantation activity as 
well and found to be inactive at IO mg/kg/rat/day. 

A large number of oxygen heterocyclics have been 
associated with biological activities 1-6 like, anti­
inflammatory, analgesic, anti-spasmodic, coronary 
vasodilatory, dermal photosensitizing, anti-bacterial, 
anti-fungal, phototoxic, and anti-implantation activity. 

Naturally occurring furanocoumarin derivatives like 
psoralen, angelecin (isopsoralen) have also shown 
wide range of biological activities7

. We have reported 
100% anti-implantation activity of 2,6-dibenzoyl-3,5-
dimethylbenzo[ 1 ,2-b'; 5,4-b"]difuran at 2 mglkglrat/dal. 
It was observed from the literature that angularly 
fused bisaroylbenzodifurans were not tested for the 
anti-bacterial and anti-fertility activities. 

So, in the present communication, we have synthe­
sized angularly fused bisaroylbenzodifuran molecules 
to evaluate their anti-bacterial and anti-implantation 
activities. Thus, the title compounds 3a-f were syn­
thesized by adopting our earlier reported procedures, 
by condensing 2,4-diacetyl resorcinol9 1 with various 
p-substituted phenacyl brornides lO

-
14 2a-f in the pres­

ence of aq. K2CO) and tetrabutyl ammonium hydro­
gen sulphate (phase transfer catalyst) in ethylene 
dichloride as a solvent at 55-60DC for 6-8 hr 
(Scheme I). 

In the last few years, there has been a growing in­
terest in the use of microwave heating in organic syn­
thesis. The use of such microwave reaction conditions 
reveals several features like short reaction time com­
pared to conventional heating, ease of work-up after 
the reaction, and reduction in the usual thermal degra­
dation and better selectivity. 

Microwave ovens provide a clean and cheap alter­
native to conventional oil-baths. Microwave heating 
has been proven to be beneficial particularly for the 
reactions under "dry" media (i.e., in the absence of 
solvent, on solid support with or without catalyst). 
Liquid-Liquid extraction can be avoided for the 

° 
HO "-':::: OH »

0 CH3 

K2C03 / TBAHS / EDC / 6-8 hr 

HC I ~ + 
3 

X-Ar-COCH2Br .. 
(Or) 

K2C03 / MW 300W / 1-3 min 

° 1 2/ abc d e f 

-H -CI -N02 -Me -OMe -Sr 

x 
3 a-f 

Scheme I 



426 INDIAN J. CHEM., SEC B, FEBRUARY 2003 

Table I-Characterization data of angular bisaroylbenzodifurans 3a-f 

Compd m.p. Mol. PTC Yield MW Yield Found (%)1 UV IHNMR Mass 
°C formula (hr) (%) (min) (%) (Calcd) (Ama.; (0, ppm) (% of abundance) 

C 

3a 178- C26HI g0 4 6.0 85.4 1.5 95.5 79.15 
79 (79.17 

3b 211- C26H 16Ci20 4 6.5 89.7 2.5 94.3 67.38 
12 (67.40 

3c 217- C26HI 6N20 g 7.5 80.0 3.0 90.0 64.45 
19 (64.47 

3d 216- C28Hn 0 4 6.0 87.6 2.5 93 .2 79.58 
17 (79.60 

3e 188- C28H220 6 6.0 89.9 1.5 96.7 73.99 
89 (74.00 

3f 180- C26H 16Br20 4 7.0 89.0 2.0 95.0 56.50 
81 (56.55 

isolation of reaction products. Moreover, the absence 
of solvent reduces the ri sk of explosions when reac­
ti on takes place in a microwave oven. 

Hence this method of synthesis was adopted for the 
first time for the synthesis of 2,7-di(p-substituted­
benzoyl)-3,8-dimethylbenzo[ 1 ,2-b'; 3,4-b"]difurans 
3a-f for the better yields and is presented in this note. 
Thus 2,4-diacetylresorcinol 1 and various p­
substituted phenacyl bromides 2a-f were doped on 
K2C03 and the mixture was irradiated in household 
microwave oven at 300W power level for a period of 
1-3 min (Scheme I). After irradiation, the contents 
were poured in to \'later to get the crude product. The 
angular bisaroylbenzodifurans 3a-f were obtained in 
pure form on crystalli zation from methanol. This 
method was compared with the above phase transfer 
catalysis method. The reduction in reaction rime (1-3 

H nm) 

4.54 259, 8.2-8. 1 (d, 4H, Cn '2".6,,-H, 394(6),366(24), 
4.60) 325 J=9Hz); 7.6-7 .5(m, 7H, 338( 12), 158(34), 

C3'. 4'. 5'. 3". 4". 5" & C4-H); 7.75(d, I 30(45), I 05( I 00), 

IH, C5-H, J=9Hz) ; 2.95(s, 3H, 102(3), 77(52) 

8-CH3); 2.75(s, 3H, 3-CH3) 

3.45 255, 8.15-8.1 (d, 4H, C2,. 6'. 2".6,,-H, 
3.48) 324 J=9Hz); 7.6-7.5(m, 5H, 

C3,. 5'. 3". 5" & C4-H); 7.7(d, IH, 
C5-H, J=9Hz); 2.9(s, 3H, 8-
CH3); 2.75(s, 3H, 3-CH3) 

3.30 260, 8.25-8.2(d, 4H, C2,. 6'. 2". 6,,-H , 
3.33) 326 J=9Hz) ; 7.75-7 .6(m, 5H, 

Cu ,. 3". 5" & C4-H); 7.85(d, I H, 
C5-H, J=9Hz); 2.9(s, 3H. 8-
CH3); 2.85(s, 3H, 3-CH3) 

5.20 260, 8.15-8. I(d. 4H, C2,. 6'. 2".6,,-H, 
5.25) 321 J=9Hz) ; 7.6-7.5(m, 5H, 

C3'.5'. 3".5" & C4-H); 7.7(d, IH , 
C5-H, J=9Hz); 2.8(s, 3H, 8-
CH3); 2.75(s. 3H, 3-CH3). 2.2(s, 
6H, C4'.4,,-CH3) 

4.85 258, 8.05-8.0(d, 4H, C2'.6'. 2". 6,,-H, 
4.88) 322 J=9Hz); 7.5-7.4(m, 5H, 

C3'. 5'.3".5" & C4-H); 7.6(d, IH, 
C5-H, J=9Hz) ; 4.0(s, 6H, 
OCH3); 2.9(s, 3H. 8-CH3); 
2.75(s, 3H, 3-CH3) 

2.90 260, 8. 15-8.05(d, 4H, C2,. 6'. 2". 6,,-H, 
2.92) 325 J=9Hz); 7.65-7 .4(m, 5H, 

C3,. 5'. 3".5" & C4-H); 7.7(d, IH , 
C5-H, J=9Hz); 2.8(s, 3H, 8-
CH3); 2 .75(s, 3H, 3-CH3) 

min) and the simplicity in the isolation of pure com­
pounds are the two major advantages of thi s tech­
nique. The yields of angular bisaroy lbenzodifurans 
3a-f are relatively good. Their characterization data 
are given in Table I. 

Results and Discussion 
The angular bisaroylbenzodifurans 3a-f were char­

acteri zed by UV, IR, NMR, Mass spectra and elemen­
tal analysis (Table I). The UV spectra of all the com­
pounds 3a-f have displayed two absorption bands at 
258-260 and 325-327 nm. In the IR pectra of all the 
bisaroy lbenzod ifurans 3a-f, carbonyl stretching was 
observed at 1635-1670 cm-I and the C=C stretching 
freq uency was observed at 1550-1590 cm-I. In the IH 
NMR spectra C5 proton appeared as a doublet at 8 
7 _85-7.6 ppm. The four protons adjacent to aroyl 
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Table II-Anti-bacterial and anti-fungal activites of angular bisaroylbenzodifurans 3a-f 

Compd Cone. Anti-bacterial activit;r 
~glmL E. coli P. vulgaris K. pneumoniae P. S. citricus S. B. S. 

aeruginosa aureus subtilis albus 
3a 600 NA NA NA NA NA NA NA NA 

900 NA NA NA NA NA NA NA NA 
3b 600 3.84 1.96 2.82 1.96 1.96 1.96 1.96 2.82 

900 7.85 2.82 5.02 5.02 5.02 6.35 5.02 6.35 
3c 600 1.25 0.70 0.31 1.25 1.96 5.02 5.02 1.96 

900 1.96 1.96 1.25 5.02 3.84 6.35 7.85 5.02 
3d 600 3.84 1.96 2.82 1.96 1.96 1.96 1.96 2.82 

900 5.02 3.84 3.84 3.84 3.84 6.35 2.82 5.02 

3e 600 1.96 1.96 1.25 1.96 2.82 2.82 1.96 1.25 
900 2.82 5.02 3.84 2.82 5.02 3.84 3.84 2.82 

3f 600 0.70 1.96 1.25 5.02 3.84 6.35 5.02 1.96 

900 2.82 3.84 2.82 6.35 5.02 7.85 6.35 3.84 
Streptomycin 600 6.75 4.74 4.76 NA 4.2 3.0 5.52 5.52 

900 10.1 5.05 10.1 NA 6.3 4.5 8.28 8.28 
Compd Cone. Anti-fungal activit;r 

~g/mL Drechslera halodes fungi Fusarium oxysporum fungi 
% of spore germination (~~mL) % of spore germination (~~mL) 

160 320 640 
3a 600 4.74 6.72 26.18 

900 
3b 600 3.59 12.79 23.06 

900 
3c 600 11.54 26.12 64.22 

900 
3d 600 6.11 18.95 28.96 

900 
3e 600 3.62 8.51 25.09 

900 
3f 600 63.38 25.52 51.35 

900 
Streptomycin 600 

900 

NA: No Activity 

group i.e., C2'.6'.2".6" were observed as doublet at 8 
S.25-S.05 ppm. The protons at C 3'.5'.3".5" were observed 
as multiplet along with C4-H at 8 7.4-7.75 ppm in the 
compounds 3b-f. Whereas in 3a one multiplet was 
observed at 8 7.6-7.5 ppm for protons at C3' A'.5',3" A".5" 

and C4 . 

Biological activity 
Anti-bacterial activity 

The angularly fused bisaroyl benzodifurans 3a-f 
were tested on four gram-positive bacteria (Staphylo­
coccus citricus, StaphyLococcus aureus, Bacillus sub·· 
tilis, Streptococcus albus) and also on four gralT!­
negative bacteria (Escherichia coli, Proteus vuLgaris, 
Klebsiella pneumoniae, Pseudomonas aeruginosa) at 

960 160 320 640 960 
41.55 14.90 40.34 51.46 85.21 

56.04 7.82 19.94 35.59 71.49 

88.76 9.6 24.08 44.75 82.28 

78.89 11.14 24.32 44.30 81.70 

64.51 8.0 18.87 31.44 52.63 

90.96 10.67 26.40 51.18 73.91 

concentrations 600 and 900 ~g/mL, by adopting Vin­
cent and Vincent'5 filter paper disc method. The re­
sults are depicted in Table II. 

The 2,7-di(p-bromobenzoyl)-3,S-dimethylbenzo­
[l,2-b' ; 3,4-b"]difuran 3f has shown very high activ­
ity on gram-negative bacteria (Pseudomonas aerugi­
nosa) while interestingly the reference compound, 
Streptomycin has shown zero activity on the same 
bacteria. This compound showed bacteria specific 
activity. All the other angular bisaroylbenzodifurans 
except 3a have shown marginai to higher growth in­
hibition activity with reference to the Streptomycin. 

Among all the bisaroylbenzodifl'rans 3a-f tested on 
Streptococcus aureus bacteria, the compounds 3c and 
3f have shown 40-50% higher growth inhibition 



428 INDIAN 1. CHEM ., SEC B, FEBRUARY 2003 

activity than the reference compound Streptomycin at 
both concentration levels. More than 40-50% growth 
inhibition was observed in the compounds 3b and 3d 
when compared to the reference compound 
Streptomycin against gram-positive (Staphylococcus 
aureus) bacteria at 900 J..lg/mL concentration. 

Anti-fungal activity 
All the angular bisaroylbenzodifurans 3a-f were 

screened for anti-fungal activity against two plant 
pathogenic fungi (Drechslera halodes and Fusarium 
oxysporum) at 160, 320, 640, and 960 J..lg/mL concen­
trations using the glass slide humid chamber tech­
nique l 6

. Compounds 3c (88.76%), 3d (78.89%), 3f 
(90.96%) showed maximum spore germination inhibi­
tion at 960 J..lg/mL against Drechslera halodes fungi 
and compounds 3a (85.21 %), 3b (71.49%), 3c 
(82.28%), 3d (81.7%), and 3f (73 .91 %) showed 
maximum spore germination inhibition at 960 J..lg/mL 
on Fusarium oxysporum. 

Anti-implantation activity 
The compounds 3a and 3e were screened for anti­

implantation activity on albino rats and found inactive 
at 10 mg/kg/rat/day. 

Experimental Section 
Melting points were determined in open capillaries 

and are uncorrected. The UV spectra were recorded 
on a Shimadzu UV 160A UV -Vis-NIR spectropho­
tometer; IR spectra on a Shimadzu FTIR model 8010 
spectrophotometer; I H NMR spectra in CDCb on a 
Varian CI7-20-ZM-390-200 MHz spectrophotometer 
using TMS as an internal standard; and mass spectra 
on a VG 7070 H ion analyzer. The C, Hand 0 analy­
sis of the compounds was done on a Carlo Erba model 
EA 1108 CHNS-O elemental analyzer. 

General procedure for phase transfer catalysis 
method. To a magnetically stirred solution of 2,4-
diacetylresorcinol 1 (0.194 g; 0.001 mole) in 30 mL 
of ethylene dichloride, 30 mL of 20% aq. K2CO) 
solution and 100 mg tetrabutyl ammonium hydrogen 
sulphate (TBAHS) were added. The reaction mixture 
was heated to 50°C and the w-bromoacetophenone 2a 
(0.398g; 0.002 mole) was added dropwise over a 
period of 30 min at 55-60°C and maintained for 6-8 
hr. The organic layer was separated, washed with 5% 
NaOH solution and then with water. The resulting 
organic layer was dried Olver anhydrous sodium 

sulphate. The excess solvent was removed under 
reduced pressure and the crude product was 
recrystallized from methanol to afford needle shaped 
crystals of 3a. The compounds 3b-f were synthesized 
similarly. 

General procedure for microwave irradiation. 
2,4-Diacetylresorcinol 1 (0. 1949; 0.00 1 mole) and w­
bromoacetophenone 2a (0.398g; 0.002 mole) were 
dissolved in methylene chloride and doped with baked 
K2CO) and solvent was removed in vacuo. The result­
ing mixture was irradiated in microwave oven at 
300W power level for 1-3 min. After irradiation , the 
crude product was poured into water to remove the 
inorganic matter. The resultant product was crystal­
lized from methanol to afford needle shaped crystals 
of3a. 

The compounds 3b-f were synthesized by adopting 
the above procedure. 
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