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ABSTRACT

The synthesis of some new linear furobenzopy8are, 7a,b and angular furobenzopyrone derivativéss and
12a,b were described on the base of being monofuncti@eahpounds to decrease possible toxicity. All the
prepared compounds were evaluated for their antiohi@l and photosensitizing activities. Compourés4 and

7b were found to have good antimicrobial activity lehanly compoun@e exhibited higher photosensitizing activity
than xanthotoxin. In addition, photosensitizing idtt increased upon increasing time of radiatiomda
concentration of substance. Quantitative structaivity relationship (QSAR) study was applied todfa
correlation between the photosensitizing activitdghe newly synthesized furobenzopyrone derestand their
physicochemical parameter. Furthermore, dockinglgtwas undertaken to gain insight into the posshiteling
mode of these compounds with the binding siteeoDINA gyrase (topoisomerase Il) enzyme which igomesible

for resolving topological problems which arise dwgithe various processes of DNA.

Keywor ds Furobenzopyrones, Antimicrobial, PhotochemotherapeQSAR study, Docking study.

INTRODUCTION

Furobenzopyrones are an important class of phos@sgng drugs used in combination with radiatiorthe interval
of UV-A (320-400 nm) (PUVA) for treatment of somi@rsdiseases such as psoriasis, vitiligo, mycosté eczema
[1-4]. These compounds are derivatives of psor@ieear furobenzopyrones), or angelicin (its angidgamers) [5].
Psoralen tricyclic moiety constitutes the basicoamphore from which drugs employed in this therapsre

developed in particular, xanthotoxin (8-methoxypden), 5-bergapten (5-methoxypsoralen) and to setesxtent
trioxsalen (4,58-trimethylpsoralen, TMP) [1].

The biological activity of psoralens is primarily@l to intercalation between two base pairs of DNiAe process is
believed to involve three major steps: a) non-cem@linteractive binding to DNA helix, b) formatioof
monoaddition product between DNA base and psonaem long wavelength ultraviolet irradiation, c)salption
of a second photon by some of the monoadductsrte fiadducts, result in interstrand cross linkagje Therefore,
2,3 (furan side) and 5,6 (pyrone) double bondshef linear furobenzopyrones are the two photoreactites
responsible for the DNA photobinding and for thelbgical activity [7]. Linear furobenzopyrones aeported to
induce bifunctional photodamage to the DNA of thdaceous cells in a selective way, thus inhibitDiyA
functions and as a consequence, cell proliferatjBh The photodamages consist of the products of
photocycloaddition between one molecule of psoralesh two pyrimidine bases (biadduct) [7]. From biedogical
point of view, cross linkage provokes more pronaghbiological consequences, but repair of intemstreross
linkage is less effective than repair of the momafional adduct [9]. Skin phototoxicity is strictpnnected with
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the bifunctional lesions in DNA which seems to be tnain cause of skin cancer. On the other handpauzucts
are reported to lack skin phototoxicity [10].

Nowadays, most of researches are devoted to demelephotochemotherapeutic compounds endowed \nittop
antiproliferative activity and lower skin phototoky. DNA monofunctional furobenzopyrones such as
carbmethoxypsoralen [11], carbethoxypsoralen [i8Fidopsoralen [12], benzo- and tetrahydrobenzcgear
[13,14] and phenylpsoralen [15] analogues weregtesi and synthesized in order to prevent DNA ittensl cross
linking formation, maintain the photosensitizingigity and consequently lack skin phototoxicity.

Intercalation complex between furobenzopyronesrareic acid revealed that, the C5 methyl of thyimeédand the
C5 substitution of the furobenzopyrone are in clasimity. Thus, presence of methyl group in thissition could
lead to steric crowding not present in the demethgke. The results reported about TMP and psosaalded further
support to this interpretation (TMP showed98% furan addition, while psoralen lacking methyl5-position,
showed nearly 20% pyrone addition) [16].

Enforced by these informations, we were encourafpediesign and synthesize new linear furobenzopyrone
derivatives 8a-h and7a,b) with variety of peripheral substituents that m@pduce monofunctional adduct with
nucleic acid, therefore inhibiting the genotoxicitoreover, linear furobenzopyrones were reportedhé more
phototoxic than angular furobenzopyrones [17]. €f@e, new angular furobenzopyrone derivativea-§ and
12a,b) were also synthesized in order to optimize tloddgiical activity. All the newly synthesized compuis were
evaluated for the antimicrobial and photosensi§ziactivities. In addition, quantitative structuretiaity
relationship (QSAR) study was also performed fodamstanding and validating the photosensitizingvaiets.
Furthermore, attempt to elucidate a molecular tafge the antimicrobial activity was achieved viaolecular
docking of the prepared compounds in the active sit DNA gyrase enzyme using Molecular Operating
Environment (MOE).

MATERIALSAND METHODS

1.1. Chemistry

Melting points were determined by open capillardgetumethod using Electrothermal 9100 melting poppaaatus
MFB-595-010M (Gallen Kamp, London, England) and evencorrected. Microanalyses were carried out & Th
Regional Center for Mycology and Biotechnology, Adhar University. Infrared Spectra were recorded as
potassium bromide discs on Schimadzu FT-IR 840@8tegphotometer (Shimadzu, Kyoto, Japan) and egpcem
wave number (cif). The'H-NMR spectra were recorded on Varian Mercury VX330MR spectrometer at 300
MHz and *JEOL-ECA500 NMR spectrometer at 500 MHz dimethylsulphoxide (DMSQs) or deuterated
chloroform (CDC}). Chemical shifts are quoted dnas parts per million (ppm) downfield from tetraimdsilane
(TMS) as internal standard addralues are reported in Hz. Mass spectra were pee as El at 70eV on Hewlett
Packard Varian (Varian, Polo, USA) and Shimadzu Gammatograph Mass spectrometer-QP 1000 EX. TL@ we
carried out using Art.DC-Plastikfolien, Kieselged €254 sheets (Merck, Darmstadt, Germany), the Idpivey
solvents was chloroform/methanol 9.5:0.5 and thetsspvere visualized at 366, 254 nm by UV Vilber troat
77202 (Vilber, Marne La Vallee, France).

Starting compounds 3,8-disubstituted-7-hydroxy-4hyike2H-1-benzopyran-2-one(la-d) [18] and phenacyl
bromide derivatives [19] were prepared accordingefmrted procedures.

2.1.1. General Procedure for synthesis of 3-ethyl-4-methyl-8-substituted-7-((un)substituted phenacyloxy)-2H-
1-benzopyran-2-ones (2a-h) (Scheme 1).

A solution of compounda,b (0.01 mol) and appropriate phenacyl bromide déxiea(0.015 mol) in acetone (50
ml) was refluxed in presence of anhydrous potassianbonate (2.76 g, 0.02 mol) for 24 h. The solutieas
filtered and the remaining residue was washed waitbtone. The combined filtrates and washings westdled
under reduced pressure. The product was cryst@lifiben isopropanol.

2.1.1.1. 4,8-Dimethyl-3-ethyl-7-phenacyl oxy-2H-1-benzopyr an-2-one (2a)

Yield 83%. mp 189-190 °C. IR (KBr) clm3062 (CH Ar), 2964, 2870 (CH aliphatic), 17089162 C=0), 1600,
1577, 1500 (C=C):H-NMR (DMSO-dg) d: 1.04 (t, 3H, CHCH,), 2.27 (s, 3H, Cklat C4), 2.37 (s, 3H, GHat C8),
2.51 (g, 2H, CHCHg), 5.77 (s, 2H, OCH), 6.98 (d, 1HJ=8.7 Hz, H-6 Ar), 7.49-7.71 (m, 4H, H-5 Ar, H:8,5

Ar), 8.03 (d, 2HJ=7.5 Hz, H-2,6' Ar). MS (m/2 %: 336 (M) 5.48%. Anal. Calcd. for £H,00, (336.38): C, 74.98;
H, 5.99. Found: C, 75.04; H, 6.12.
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2.1.1.2. 4,8-Dimethyl-3-ethyl-7-(4-methylphenacyloxy)-2H-1-benzopyran-2-one (2b)

Yield 92%. mp 181-183 °C. IR (KBr) clm3020 (CH Ar), 2964, 2872 (CH aliphatic), 17009%62 C=0), 1606,
1571, 1554 (C=C)'H-NMR (CDCk) d: 1.13 (t, 3H, CHCH), 2.31 (s, 3H, Chlat C4), 2.37 (s, 3H, CHat C8),
2.45 (s, 3H, CHat C4), 2.67 (g, 2H, CHCHjy), 5.35 (s, 2H, OC}), 6.70 (d, 1HJ=8.7 Hz, H-6 Ar), 6.89 (d, 1H,
J=9.3 Hz, H-5 Ar), 7.91 (d, 2H}=7.8 Hz, H-35 Ar), 8.21 (d, 2H,J=8.4 Hz, H-2,6' Ar). MS (m/2 %: 350 (M)
13.20%. Anal. Calcd. for £H,,0,4 (350.41): C, 75.41; H, 6.33. Found: C, 75.47; 1386

Xy X
CHj3

= CH3 (ii) O

CHy
0 0" Yo /\ CH,
R o o Yo
R

HO

2a-h
3a-h
CHs
a R=CHj, X;=X,=H
b R=CHj, X;=CHj3, X,=H
¢ R=CHj, X,;=0CHj;, X,=H
d R=CH,, X,=Br, Xy=H
e R=CHj;, X;=X,=0CHj,
f R=H, X4=X,=H
gR=H, X;=CHj;, X,=H
hR=H, X;=0CHj, X,=H

Scheme 1. Reagents and conditions: (i) Appropriate phenacyl bromide derivative, K,COg, dry acetone,
reflux 24 h, (i) Ethanolic KOH, reflux 18 h, (ii) 3,4-Dimethoxyphenacyl bromide, K,COs, dry
acetone, reflux 18 h.

2.1.1.3. 4,8-Dimethyl-3-ethyl-7-(4-methoxyphenacyl oxy)-2H-1-benzopyr an-2-one (2c)

Yield 72%. mp 191-193 °C. IR (KBr) ¢f 3055 (CH Ar), 2922, 2839 (CH aliphatic), 17109%62 C=0), 1602,
1598, 1566, 1512 (C=CJH-NMR (DMSO-dg) 6: 1.03 (t, 3H, CHCH;), 2.26 (s, 3H, Chlat C4), 2.37 (s, 3H, CH
C8), 2.53 (q, 2H, CKCH;), 3.86 (s, 3H, OCH}, 5.69 (s, 2H, OCH), 6.94 (d, 1HJ=9.0 Hz, H-6 Ar), 7.09 (d, 2H,
J=8.7 Hz, H-35 Ar), 7.55 (d, 1H,J=8.7 Hz, H-5 Ar), 8.01 (d, 2H}=9 Hz, H-2,6' Ar). MS (m/2 %: 366 (M)
32.41%. Anal. Calcd. for £H»0s5 (366.41): C, 72.12; H, 6.05. Found: C, 72.08; H36

2.1.1.4. 7-(4-Bromophenacyloxy)-4,8-dimethyl-3-ethyl-2H-1-benzopyr an-2-one (2d)

Yield 79%. mp 203-206 °C. IR (KBr) ¢l 3098 (CH Ar), 2977, 2860 (CH aliphatic), 17100172 C=0), 1604,
1585 (C=C).H-NMR (CDCl) ¢: 1.14 (t, 3H, CHCH), 2.30 (s, 3H, Chlat C4), 2.36 (s, 3H, CHat C8), 2.68 (q,
2H, CH,CHz), 5.31 (s, 2H, OC}, 6.85 (d, 1HJ=8.7 Hz, H-6 Ar), 7.38 (d, 1H]=8.7 Hz, H-5 Ar), 7.88 (d, 2H,
J=8.7 Hz, H-35 Ar), 8.20 (d, 2HJ=8.7 Hz, H-2,6' Ar). MS (m/2 %: 415 (M) 11.04%, 417 (V#+2) 10.28%. Anal.
Calcd. for G;H;BrO,4 (415.28): C, 60.74; H, 4.61. Found: C, 60.81; 16384

2.1.1.5. 7-(3,4-Dimethoxyphenacyloxy)-4,8-dimethyl-3-ethyl-2H-1-benzopyr an-2-one (2€)

Yield 68%. mp 215-217 °C. IR (KBr) ¢f 3020 (CH Ar), 2922, 2846 (CH aliphatic), 17050072 C=0), 1604,
1581, 1550 (C=C)*H-NMR (DMSO-dg) d: 1.03 (t, 3H, CHCH), 2.27 (s, 3H, CHlat C4), 2.36 (s, 3H, CHat C8),
2.56 (g, 2H, CHCHjy), 3.82 (s, 3H, OCH), 3.86 (s, 3H, OCHJ, 5.70 (s, 2H, OCh), 6.94 (d, 1HJ=9.0 Hz, H-6 Ar),
7.12 (d, 1HJ=8.7 Hz, H-3 Ar), 7.48 (s, 1H, H-2Ar), 7.55 (d, 1HJ=8.7 Hz, H-5 Ar), 7.72 (d, 1HJ=9 Hz, H-6
Ar). MS (m/2 %: 396 (M) 13.18%. Anal. Calcd. for &H,,0s (396.43): C, 69.68; H, 6.10. Found: C, 69.73; H,
6.16.

2.1.1.6. 3-Ethyl-4-methyl-7-phenacyloxy-2H-1-benzopyran-2-one (2f)

Yield 85%. mp 169-170 °C. IR (KBr) cfn 3060 (CH Ar), 2964, 2850 (CH aliphatic), 1708916 (2 C=0), 1600,
1577, 1544 (C=C)‘H-NMR (DMSO-dg) d: 1.03 (t, 3H, CHCHs), 2.38 (s, 3H, Ch), 2.55 (g, 2H, CHCHs), 5.73 (s,
2H, OCH,), 7.01 (d, 1HJ=8.7 Hz, H-6 Ar), 7.04 (s, 1H, H-8 Ar), 7.56-7.7%h,(4H, H-5 Ar, H-34',5' Ar), 8.04 (d,
2H, J=7.5 Hz, H-2,6' Ar). MS (m/2 %: 322 (M) 0.90%. Anal. Calcd. for £H;40, (322.35): C, 74.52; H, 5.63.
Found: C, 74.60; H, 5.67.
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2.1.1.7. 3-Ethyl-4-methyl-7-(4-methylphenacyloxy)-2H-1-benzopyr an-2-one (2g)

Yield 94%. mp 138-141 °C. IR (KBr) ¢ 3070 (CH Ar), 2970, 2875 (CH aliphatic), 17126662 C=0), 1606,
1571, 1554, 1502 (C=C)H-NMR (DMSO-dg) 5: 1.03 (t, 3H, CHCH), 2.38 (s, 3H, Chlat C4), 2.40 (s, 3H, CHat
C4), 2.55 (g, 2H, CHKCHjy), 5.68 (s, 2H, OCH, 6.99 (d, 1HJ=8.7 Hz, H-6 Ar), 7.02 (s, 1H, H-8 Ar), 7.38 (d, 2H
J=8.1 Hz, H-35' Ar), 7.69 (d, 1HJ=8.7 Hz, H-5 Ar), 7.93 (d, 2H]=8.4 Hz, H-2,6' Ar). MS (m/2 %: 336 (M)
10.68%. Anal. Calcd. for £H,40,4 (336.38): C, 74.98; H, 5.99. Found: C, 75.06; 1936

2.1.1.8. 3-Ethyl-7-(4-methoxyphenacyloxy)-4-methyl-2H-1-benzopyr an-2-one (2h)

Yield 60%. mp 136-137 °C. IR (KBr) cm 3060 (CH Ar), 2958, 2872 (CH aliphatic), 17089%§2 C=0), 1610,
1602, 1562, 1508 (C=CJH-NMR (DMSO-dg) d: 1.03 (t, 3H, CHCHy), 2.37 (s, 3H, CH), 2.54 (q, 2H, CHCHy),

3.86 (s, 3H, OCH), 5.65 (s, 2H, OC}h), 6.98 (d, 1HJ=8.7 Hz, H-6 Ar), 7.00 (s, 1H, H-8 Ar), 7.09 (d, 28+8.7

Hz, H-3,5' Ar), 7.68 (d, 1HJ=9.0 Hz, H-5 Ar), 8.01 (d, 2HI=9.0 Hz, H-2,6' Ar). MS (m/2 %: 352 (M) 23.35%.
Anal. Calcd. for G;H,,05 (352.38): C, 71.58; H, 5.72. Found: C, 71.61; 805

2.1.2. General Procedure for synthesis of 6-ethyl-5-methyl-9-substituted-3-((un)substituted phenyl)-7H-
fur o[ 3,2-g]benzopyran-7-ones (3a-h) (Scheme 1).

Compound2a-h (0.01 mol) was added to solution of 2% potassiyardxide in absolute ethanol (50 ml) and the
mixture was refluxed for 18 h. Solution was concatetd and acidified with a cold solution of 10% HChe
precipitated product was filtered, washed and diRedduct was crystallized from isopropanol.

2.1.2.1. 5,9-Dimethyl-6-ethyl-3-phenyl-7H-fur o[ 3,2-g] benzopyr an-7-one (3a)

Yield 85%. mp 228-229 °C. IR (KBr) ¢cm 3055 (CH Ar), 2974, 2870 (CH aliphatic), 1701 @z 1593 (C=C).
'H-NMR *(CDCls) 6: 1.18 (t, 3H, CHCHs), 2.50 (s, 3H, CH at C5), 2.63 (s, 3H, CHat C9), 2.70 (q, 2H,
CH,CHz), 7.42-7.83 (m, 5H, Ar-H), 8.01 (s, 1H, H-4 Ar)18 (s, 1H, H-2 Ar). MSrt/2 %: 318 (M) 100%. Anal.
Calcd. for GH;403 (318.37): C, 79.22; H, 5.70. Found: C, 79.31; 1895

2.1.2.2. 5,9-Dimethyl-6-ethyl-3-(4-methylphenyl)-7H-fur o[ 3,2-g]benzopyr an-7-one (3b)

Yield 80%. mp 294-296 °C. IR (KBr) ¢t 3099 (CH Ar), 2924, 2860 (CH aliphatic), 1705 (@s 1608, 1593,
1571 (C=C)!H-NMR (CDCL) ¢: 1.18 (t, 3H, CHCH), 2.45 (s, 3H, CHlat C5), 2.49 (s, 3H, CHat C9), 2.64 (s,
3H, CH; at C4), 2.74 (q, 2H, CKLCHjy), 7.34 (d, 2HJ=7.8 Hz, H-35' Ar), 7.54 (d, 2HJ=7.5 Hz, H-2,6' Ar), 7.80
(s, 1H, H-4 Ar), 7.83 (s, 1H, H-2 Ar). M3n(2 %: 332 (M) 1.08%. Anal. Calcd. for £H,0; (332.39): C, 79.50;
H, 6.06. Found: C, 79.58; H, 6.12.

2.1.2.3. 5,9-Dimethyl-6-ethyl-3-(4-methoxyphenyl)-7H-fur o[ 3,2-g] benzopyr an-7-one (3c)

Yield 60%. mp 188-190 °C. IR (KBr) ¢m 3082 (CH Ar), 2926, 2852 (CH aliphatic), 1714 @s 1606, 1577

(C=C).'H-NMR (CDCl) ¢: 1.19 (t, 3H, CHCH), 2.50 (s, 3H, Cklat C5), 2.65 (s, 3H, GHat C9), 2.75 (q, 2H,
CH,CHjy), 3.89 (s, 3H, OCH), 7.06 (d, 2HJ=8.1 Hz, H-35' Ar), 7.60 (d, 2H,J=8.1 Hz, H-2,6' Ar), 7.77 (s, 1H, H-

4 Ar), 7.80 (s, 1H, H-2 Ar). MSn(/2 %: 348 (M) 100%. Anal. Calcd. for £H,O, (348.39): C, 75.84; H, 5.79.
Found: C, 75.90; H, 5.82.

2.1.2.4. 3-(4-Bromophenyl)-5,9-dimethyl-6-ethyl-7H-fur o[ 3,2-g]benzopyr an-7-one (3d)

Yield 75%. mp 287-289 °C. IR (KBr) ¢ 3060 (CH Ar), 2958, 2870 (CH aliphatic), 1701 @z 1569, 1558
(C=C).'H-NMR (CDCly) 8: 1.16 (t, 3H, CHCH), 2.38 (s, 3H, Chlat C5), 2.50 (s, 3H, CHat C9), 2.73 (q, 2H,
CH,CH), 7.35 (s, 1H, H-4 Ar), 7.54 (d, 2K78.4 Hz, H-26' Ar), 7.61 (d, 2HJ=9.0 Hz, H-35' Ar), 7.73 (s, 1H,
H-2 Ar). MS m/2 %: 397 (M) 0.90%, 399 (M+2) 1.03%. Anal. Calcd. for £H;,BrO; (397.26): C, 63.49; H,
4.31. Found: C, 63.53; H, 4.37.

2.1.2.5. 3-(3,4-Dimethoxyphenyl)-5,9-dimethyl-6-ethyl-7H-fur o] 3,2-g] benzopyr an-7-one (3e)

Yield 57%. mp 158-160 °C. IR (KBr) ¢ 3080 (CH Ar), 2947, 2841 (CH aliphatic), 1705 @ 1593, 1512
(C=C).*H-NMR (CDCL) ¢: 1.04 (t, 3H, CHCH), 2.27 (s, 3H, CHlat C5), 2.37 (s, 3H, GHat C9), 2.53 (q, 2H,
CH,CHjy), 3.83 (s, 3H, OCBHJ, 3.87 (s, 3H, OC}}, 7.06 (d, 1HJ=8.1 Hz, H-3 Ar), 7.13 (s, 1H, H-2Ar), 7.30 (d,
1H, J=9.0 Hz, H-6 Ar), 7.79 (s, 1H, H-4 Ar), 7.82 (s, 1H, H-2 Ar).9m/2 %: 378 (M) 6.12%. Anal. Calcd. for
Co3H2,05 (378.42): C, 73.00; H, 5.86. Found: C, 73.09; 19,15

2.1.2.6. 6-Ethyl-5-methyl-3-phenyl-7H-fur o[ 3,2-g] benzopyr an-7-one (3f)

Yield 79%. mp 154-155 °C. IR (KBr) ¢ 3059 (CH Ar), 2970, 2873 (CH aliphatic), 1712 @ 1577 (C=C).
'H-NMR (CDCE) §: 1.19 (t, 3H, CHCHs), 2.52 (s, 3H, CH), 2.75 (q, 2H, CHCHs), 7.41-7.84 (m, 6H, H-9 Ar, Ar-
H), 8.00 (s, 1H, H-4 Ar), 8.03 (s, 1H, H-2 Ar). MB/2 %: 304 (M) 14.64%. Anal. Calcd. for H160; (304.34):
C, 78.93; H, 5.30. Found: C, 78.79; H, 5.28.
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2.1.2.7. 6-Ethyl-5-methyl-3-(4-methylphenyl)-7H-fur o[ 3,2-g] benzopyr an-7-one (3g)

Yield 74%. mp 171-173 °C. IR (KBr) ¢m 3028 (CH Ar), 2966, 2870 (CH aliphatic), 1701 @z 1604, 1581,

1512 (C=C)H-NMR (CDCL) §: 1.16 (t, 3H, CHCH), 2.48 (s, 3H, Cklat C5), 2.54 (q, 2H, C}&H;), 2.70 (s, 3H,

CH; at C4), 7.29 (d, 2H,)=7.8 Hz, H-35' Ar), 7.52 (d, 2H,J=8.4 Hz, H-2,6' Ar), 7.67 (s, 1H, H-9 Ar), 7.80 (s, 1H,
H-4 Ar), 7.83 (s, 1H, H-2 Ar). MSni/2 %: 318 (M) 16.69%. Anal. Calcd. for GH150;5 (318.37): C, 79.22; H,
5.70. Found: C, 79.26; H, 5.79.

2.1.2.8. 6-Ethyl-3-(4-methoxyphenyl)-5-methyl-7H-fur o[ 3,2-g]benzopyr an-7-one (3h)

Yield 56%. mp 155-158 °C. IR (KBr) ¢t 3074 (CH Ar), 2966, 2873 (CH aliphatic), 1710 @z 1597, 1573,
1508 (C=C)."H-NMR (CDCl) 6: 1.03 (t, 3H, CHCHs), 2.39 (s, 3H, CH), 2.50 (g, 2H, CKCH;), 3.85 (s, 3H,
OCHg), 7.07 (d, 2HJ=8.4 Hz, H-35' Ar), 7.59 (d, 2H,)=8.4 Hz, H-26' Ar), 7.63 (s, 1H, H-9 Ar), 7.78 (s, 1H, H-4
Ar), 7.81 (s, 1H, H-2 Ar). MSni/2 %: 334 (M) 0.59%. Anal. Calcd. for £H150, (334.37): C, 75.43; H, 5.43.
Found: C, 75.90; H, 5.44.

2.1.3. Synthesis of 3-(3,4-dimethoxyphenyl)-6-ethyl-7-methyl-5H-fur o[ 2,3-h]benzopyran-5-one (4) (Scheme 1).
Previous procedure adopted for synthesis of comgm2arh was applied on reacting 3-ethyl-7-hydroxy-4-methyl
2H-1-benzopyran-2-ongb and 3,4-dimethoxyphenacyl bromide except thatti@aevas proceeded for 18 h instead
of 24 h. Product was crystallized from isopropanol.

Yield 53%. mp 187-189 °C. IR (KBr) ¢in 3082 (CH Ar), 2966, 2873 (CH aliphatic), 1716 @z 1610, 1595,
1517, 1508 (C=C)‘H-NMR (DMSO-dq) 5: 1.02 (t, 3H, CHCHy), 2.37 (s, 3H, Ch), 2.55 (g, 2H, CbCHz), 3.79 (s,
3H, OCHy), 3.87 (s, 3H, OCH), 7.09-7.17 (m, 3H, H45',6' Ar ), 7.55 (s, 1H, H-2 Ar), 7.75 (d, 1Hz9.0 Hz, H-9
Ar), 7.83 (d, 1H,)=8.4 Hz, H-8 Ar). MS f1/2 %: 364 (M) 0.14%. Anal. Calcd. for GH,Os (364.39): C, 72.51; H,
5.53. Found: C, 72.58; H, 5.54.

CH, o
R
) A (|| i) (iv, v) O X ‘ X
HO oo N0 o HO HO
CHs

CHs3 Hs Hs
1aR = C,H; 5aR=C,Hy (Vi) 6 bR =CH, (vii) 6aR= C2H5
cR = CH, bR = CH,
R

atsoe g

viii

O oo ~——
CHy
7aR = C,H,
bR = CH,

Scheme 2. Reagents and conditions: (i) Cinnamyl chloride, K,CO3, dry acetone, reflux 24 h, (i) Claisen
rearrangement: N, A-diethylaniline, 185 °C, 3 h, (i) 10% HCI, (iv) 5% NaOH extract, (v) 10% HCI, (vi) Ether
extract, (vii) 48% HBr, glacial acetic acid, reflux 8 h, (viii) DDQ, dry benzene, refluxr 8 h.

2.1.4. General Procedure for synthesis of 7-cinnamyloxy-4,8-dimethyl-3-substituted-2H-1-benzopyran-2-ones
(5a,b) (Scheme 2).

A mixture of compounda,c (0.01 mol) and cinnamyl chloride (1.52 g, 0.01 )wes refluxed in acetone (50 ml) in
presence of anhydrous potassium carbonate (2.988,mol) for 24 h. Acetone was distilled off arm tresidue
washed with water and dried. Product was crystllizom isopropanol to givea,b.

2.1.4.1. 7-Cinnamyloxy-4,8-dimethyl-3-ethyl-2H-1-benzopyran-2-one (5a)

Yield 67%. mp 131-133 °C. IR (KBr) ¢ 3024 (CH Ar), 2962, 2860 (CH aliphatic), 1705 (@ 1604, 1577,
1550 (C=C).*H-NMR (CDCl) d: 1.15 (t, 3H, CHCHs), 1.59 (s, 3H, Chlat C4), 2.39 (s, 3H, GHat C8), 2.68 (q,
2H, CH,CH,), 4.80 (d, 2HJ=6.0 Hz, OCHCH=CH), 6.40-6.47 (m, 1H, OGHCH=CH), 6.76 (d, 1HJ= 16.2 Hz,
OCH,-CH=CH), 6.88 (d, 1HJ=9.3 Hz, H-6 Ar), 7.30-7.44 (m, 6H, H-5 Ar, Ar-H)MS (m/2 %: 334 (M) 0.53%.
Anal. Calcd. for G,H,,03 (334.41): C, 79.02; H, 6.63. Found: C, 79.13; 1636

2.1.4.2. 7-Cinnamyloxy-3,4,8-trimethyl-2H-1-benzopyran-2-one (5b)
Yield 72%. mp 139-140 °C. IR (KBr) ¢ 3024 (CH Ar), 2999, 2868 (CH aliphatic), 1697 @z 1608, 1593,
1573 (C=C).H-NMR (CDC}) 0: 1.57 (s, 3H, Chlat C4), 2.20 (s, 3H, GHat C3), 2.37 (s, 3H, CHat C8), 4.80 (d,
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2H, J=5.7 Hz, OCHCH=CH), 6.40-6.46 (m, 1H, OGEH=CH), 6.73 (d, 1HJ=16.6 Hz, OCHCH=CH), 6.88 (d,
1H, J=8.7 Hz, H-6 Ar), 7.32-7.44 (m, 6H, H-5 Ar, Ar-HYIS (m/2 %: 320 (M) 1.01%. Anal. Calcd. for §H,.03
(320.38): C, 78.73; H, 6.29. Found: C, 78.90; 1366.

2.1.5. General Procedurefor synthesis of 4,8-dimethyl-7-hydr oxy-6-(1-phenyl-(1 or 2)-propenyl)-3-substituted
-2H-1-benzopyran-2-ones (6a,b) (Scheme 2).

The cinnamyloxy derivativéa,b (0.003 mol) inN,N-diethylaniline (5 ml) was refluxed at 18& for 3 h. The
reaction mixture was poured onto cold 10% HCI ahd separated solid was filtered off. Solid prodwets
dissolved in ether and extracted with 5% NaOH thiner layer was separated from alkali aqueous .|ayer alkali
soluble fraction was acidified with 10% HCI and tlseparated product was filtered, purified by column
chromatography using silica gel as stationary plaasechlorofornas mobile phase. Subsequent crystallization was
carried out from benzene:petroleum ether (1:1)ve 6a,b.

2.1.5.1. 4,8-Dimethyl-3-ethyl-7-hydr oxy-6-(1-phenyl-1-propenyl)-2H-1-benzopyran-2-one (6a)

Yield 35%. mp 201-203 °C. IR (KBr) cf 3329 (OH), 3064 (CH Ar), 2970, 2872 (CH aliphjti&700 (C=0),
1591, 1577, 1554 (C=CJH-NMR (DMSO-ds) 6: 1.03 (t, 3H, CHCH,), 1.59 (d, 3HJ=6.9 Hz, CH-CH), 2.23 (s,
3H, CH; at C4), 2.31 (s, 3H, GHat C8), 2.53 (g, 2H, Ci€H3), 6.40 (g, 1H, CHCE), 7.17-7.29 (m, 6H, H-5 Ar,
Ar-H), 9.04 (s, 1H, OH exch. f®). MS /2 %: 334 (M) 100%. Anal. Calcd. for GH,,0; (334.41): C, 79.02; H,
6.63. Found: C, 79.10; H, 6.67.

2.1.5.2. 7-Hydroxy-6-(1-phenyl-2-pr openyl)-3,4,8-trimethyl-2H-1-benzopyr an-2-one (6b)

Yield 36%. mp 209-210 °C. IR (KBr) ¢ 3157 (OH), 3076 (CH Ar), 2926, 2852 (CH aliphjtit685 (C=0),
1604, 1583, 1571, 1504 (C=CH-NMR (DMSO-ds) 6: 1.98 (s, 3H, Chlat C4), 2.18 (s, 3H, GHat C3), 2.30 (s,
3H, CH; at C8), 4.89 (d, 1HJ=15.6 Hz, CHCH=Ch), 5.12-5.18 (m, 2H, CHCH=C}j{ 6.39-6.50 (m, 1H,
CHCH=CH,), 7.14-7.35 (m, 6H, H-5 Ar, Ar-H), 9.34 (s, 1H, G#tch. BO). MS (/2 %: 320 (M) 100%. Anal.
Calcd. for GH»¢03 (320.38): C, 78.73; H, 6.29. Found: C, 78.76; K416

2.1.6. General Procedure for synthesis of 2-phenyl-6-substituted-3,5,9-trimethyl-7H-fur o[ 3,2-g]benzopyr an-7-
ones (7a,b) (Scheme 2)

Following procedure 1 or 2:

Procedure 1: The ether layer from the previous extraction waaporated and the residue was purified by column
chromatography using silica gel as stationary plaskechloroform as mobile phase to gieb.

Procedure 2: The rearranged produ6a,b (0.003 mol) was refluxed in mixture of glacial &iceacid (12 ml) and
HBr (48%, 8 ml) for 8 h. The reaction mixture wamiped onto crushed ice and the separated produsctiried and
dehydrogenated directly through refluxing with @j8hloro-5,6-dicyano-1,4-benzoquinone (DDQ) (0.5img)dry
benzene (15 ml) on boiling water bath for 8 h. higture was filtered while hot and benzene was eatrated. On
standing, crystals of the same furobenzopyrdfegls separated out and were purified by column chrografgthy
using silica gel as stationary phase and chlorofasmmobile phase.

2.1.6.1. 6-Ethyl-2-phenyl-3,5,9-trimethyl-7H-fur o[ 3,2-g] benzopyr an-7-one (7a)

Yield 40%. mp 180-183 °C. IR (KBr) ¢t 3060 (CH Ar), 2956, 2854 (CH aliphatic), 1701 @z 1593, 1577,
1560 (C=C)!H-NMR (CDCL) ¢: 1.18 (t, 3H, CHCH), 2.44 (s, 3H, CHlat C5), 2.57 (s, 3H, CHat C3), 2.63 (s,
3H, CH; at C9), 2.73 (g, 2H, C}€H,), 7.40-7.54 (m, 5H, Ar-H), 7.57 (s, 1H, H-4 Ar).9m/2 %: 332 (M)
96.34%. Anal. Calcd. for £H,005 (332.39): C, 79.50; H, 6.06. Found: C, 79.64; 156

2.1.6.2. 2-Phenyl-3,5,6,9-tetramethyl-7H-fur o[ 3,2-g] benzopyr an-7-one (7b)

Yield 43%. mp 234-236 °C. IR (KBr) ¢m 3084 (CH Ar), 2920, 2855 (CH aliphatic), 1701 @z 1593, 1573
(C=C).*H-NMR (CDCl) 6: 2.24 (s, 3H, Chlat C5), 2.42 (s, 3H, CHat C6), 2.57 (s, 3H, CHat C3), 2.63 (s, 3H,
CHjs at C9), 7.40-7.54 (m, 5H, Ar-H), 7.57 (s, 1H, H\j). MS (m/2 %: 318 (M) 100%. Anal. Calcd. for GH;40;
(318.37): C, 79.22; H, 5.70. Found: C, 79.27; H35.

8-Acetyl-7-hydroxy-4-methyl-3-substituted421-benzopyran-2-ongBa,c) (Scheme 3) were repared as reported in
literature [20].

2.1.7. General Procedure for synthesis of 8-benzoyl-7-hydroxy-4-methyl-3-substituted-2H-1-benzopyran-2-
one (8b,d) (Scheme 3).

A mixture of compoundb,d (0.05 mol) and benzoyl chloride (10.52 g, 8.7 @075 mol) in pyridine (5 ml) was
refluxed in an oil bath at 16%C for 2 h, then poured onto crushed ice with stifriThe separated product was
filtered, washed with sodium bicarbonate solutittien with water and dried. The separated solid ma®d with
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anhydrous aluminium chloride (20 g, 0.15 mol) aedtld in an oil bath at 188 for 2 h. The reaction mixture was
cooled and treated with 10% HCI then filtered. Pineduct was dissolved in 5% NaOH, filtered and eefpitated
by acidification with 10% HCI. The separated solids collected, washed with water and crystallizeshf
isopropanol givingb,d.

CH3 CH3 a R=C2H5, R1=CH3, X1=X2=H
R . . R b R=C2H5, R1=CH3, XA|=CH3Y XZ=H
m ) or (i = ¢ R=C,Hg, Ry=CHj, X;=OCHz, X,=H
(i, iv,v ) d R=C,Hs, R4=CHg, X;=X,= OCH,
HO o "0 HO o 0 e R=C,Hs, R=CH3, X{=Br, X,=H
1b Ry=C,H5 0™ R f R=C,Hs5, R1=C¢Hs, X;=X,=H
d R,=CH, UL g R=C;Hg, Ry=CgHs, X4=CH3, Xy=H
8a R:CszY R1:CH3 h chsz, R1:CSH5, X1:OCH3, X2:H
b R=C,Hs, R1=CqgHs 9a-s i R=C,Hs, R4=CqHs, X;=X,=OCH,
c R:CH3, R1:CH3 jR=R4=CHj, X1=X,=H
d R=CHj;, R=CgHs k R=R;=CH, X4=CHg, X;=H
I R=R,=CH,, X4=OCHj, X,=H
m R=R,=CH,, X4=X,=OCH,
n R=R;=CH,, X4=Br, X,=H
[o] R=CH3, R1=C6H5, X1=XZ=H
CHj CH; p R=CHg, Ry=CgHs, X;,=CHj,, X,=H
CH CH CH. @R=CHj R;=CgHs, X;=OCHg, X,=H
N N0 Y% FR=CHa, R;=CgHs, X;=X,=OCH,
%) O (viii,ix) o s R=CHj, R{=CgzH5, X;=Br, X,=H
o o Yo &X) Y\O o Yo 2 Y\O o o 3 N=els, A4 2
— OH
0" R O\| 0" R
CHj
12a R=CH, 11a R=CH,3 10a R=CHj;
b R=CgH5 b R=CgHs b R=CgH5

Scheme 3. Reagents and conditions: (i) Acetic anhydride, reflux 1h, (i) Benzoyl chloride, pyridine, 165 °C, 2 h, (iii) Fries

rearrangement: AICl;, 165 °C, 2h, (iv) 5% NaOH, (v) 10% HCI, (vi) Appropriate phenacyl bromide derivative, K,COs,

dry acetone, reflux 24 h, (vii) Ethyl chloroacetate, K,COs, dry acetone, reflux 24 h,  (viii) 5% KOH, methanol/water mixture
(1:1) , reflux 30 min., (ix) 10% HCI, (x) Sodium acetate, acetic anhydride, reflux 1 h.

2.1.7.1. 8-Benzoyl-3-ethyl-7-hydr oxy-4-methyl-2H-1-benzopyr an-2-one (8b)

Yield 51%. mp 197-200 °C. IR (KBr) ¢f 3246 (OH), 3047 (CH Ar), 2970, 2868 (CH aliphytit685, 1668 (2
C=0), 1595, 1577 (C=CJH-NMR *(DMSO-ds) d: 0.97 (t, 3H, CHCH;), 2.35 (s, 3H, Ck), 2.46 (q, 2H, CKCHy),
6.91 (d, 1HJ=9.2 Hz, H-6 Ar), 7.49 (t, 2H4-3',5' Ar), 7.63 (t, 1H, H-4Ar), 7.70 (d, 1HJ=9.2 Hz, H-5 Ar), 7.72
(d, 2H, J=9.2 Hz, H-2,6' Ar), 10.80 (s, 1H, OH exch. D). MS (/2 %: 308 (M) 72.07%. Anal. Calcd. for
Ci19H1604 (308.33): C, 74.01; H, 5.23. Found: C, 74.08; 1295

2.1.7.2. 8-Benzoyl-3,4-dimethyl-7-hydr oxy-2H-1-benzopyr an-2-one (8d)

Yield 56%. mp 230-234 °C. IR (KBr) ¢ 3421 (OH), 3062 (CH Ar), 2970, 2877 (CH aliphjtit708, 1693 (2
C=0), 1604, 1529, 1512 (C=CH-NMR (DMSO-s) d: 2.02 (s, 3H, Chlat C4), 2.38 (s, 3H, CHat C3), 6.95 (d,
1H, J=8.7 Hz, H-6 Ar), 7.55 (t, 2HH-3,5' Ar), 7.66 (t, 1H, H-4Ar), 7.76 (d, 3H,J=8.4 Hz, H-5 Ar, H-26' Ar),
10.75 (s, 1H, OH exch. D). MS (/2 %: 294 (M) 54.82%. Anal. Calcd. for gH140, (294.30): C, 73.46; H, 4.79.
Found: C, 73.52; H, 4.82.

2.1.8. General Procedure for synthesis of 3,6-disubstituted-2-((un)substituted benzoyl)-7-methyl-5H-furo [2,3-
h]benzopyran-5-ones (9a-s) (Scheme 3).

A mixture of compounda-d (0.01 mol) and appropriate phenacyl bromide déxiga(0.015 mol) in acetone (50
ml) was refluxed in presence of anhydrous potassianbonate (2.76 g, 0.02 mol) with stirring for B4 The
solution was filtered and the remaining residue washed with acetone. The combined filtrates anshimgs were
distilled under reduced pressure to gdaes. The solid product was crystallized from isoprogan

2.1.8.1. 2-Benzoyl-3,7-dimethyl-6-ethyl-5H-fur o[ 2,3-h]benzopyr an-5-one (9a)

Yield 74%. mp 221-223 °C. IR (KBr) ¢cm 3070 (CH Ar), 2968, 2875 (CH aliphatic), 1703G20), 1598, 1575,
1548 (C=C)H-NMR (DMSO-ds) 5: 1.09 (t, 3H, CHCH), 2.50 (s, 3H, Chlat C7), 2.63 (q, 2H, C#Hs), 2.80 (s,
3H, CH; at C3), 7.60-8.00 (m, 7H, H-8,9 Ar, Ar-H). M) %: 346 (M) 6.68%. Anal. Calcd. for GH;40,
(346.38): C, 76.29; H, 5.24. Found: C, 76.61; H05.

2.1.8.2. 3,7-Dimethyl-6-ethyl-2-(4-methylbenzoyl)-5H-fur o[ 2,3-h]benzopyr an-5-one (9b)
Yield 65%. mp 235-236 °C. IR (KBr) ¢ 3079 (CH Ar), 2955, 2845 (CH aliphatic), 1706G20), 1601, 1510
(C=C)."H-NMR (DMSO-dg) 6: 1.08 (t, 3H, CHCH), 2.42 (s, 3H, Chlat C7), 2.50 (s, 3H, CHat C3), 2.62 (g, 2H,
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CH,CHy), 2.77 (s, 3H, CHat C4), 7.39 (d, 1HJ=7.8 Hz, H-9 Ar), 7.63 (d, 1H]=9.0 Hz, H-8 Ar), 7.88-7.92 (m,
4H, H-2,3,5,6' Ar). MS (m/2 %: 360 (M) 23.75%. Anal. Calcd. for £H,004 (360.40): C, 76.65; H, 5.59. Found:
C, 76.93; H, 5.74.

2.1.8.3. 3,7-Dimethyl-6-ethyl-2-(4-methoxybenzoyl)-5H-fur o[ 2,3-h]benzopyr an-5-one (9c)

Yield 68%. mp 230-232 °C. IR (KBr) ¢l 3078 (CH Ar), 2966, 2839 (CH aliphatic), 1708G20), 1597, 1570,
1546, 1508 (C=C):H-NMR (CDCl) 6: 1.19 (t, 3H, CHCH;), 2.50 (s, 3H, Chlat C7), 2.75 (q, 2H, C}€Hs), 2.95
(s, 3H, CH at C3), 3.92 (s, 3H, OGH 7.02 (d, 2HJ)=8.7 Hz, H-35 Ar), 7.43 (d, 1HJ=9.0 Hz, H-9 Ar), 7.68 (d,
1H, J=9.0 Hz, H-8 Ar), 8.11 (d, 2HJ=8.1 Hz, H-26" Ar). MS (m/2 %: 376 (M) 63.53%. Anal. Calcd. for
Cu3H2005 (376.40): C, 73.39; H, 5.36. Found: C, 73.58; 1325

2.1.8.4. 2-(3,4-Dimethoxybenzoyl)-3,7-dimethyl-6-ethyl-5H-fur o[ 2,3-h] benzopyr an-5-one (9d)

Yield 61%. mp 252-255 °C. IR (KBr) ¢ 3086 (CH Ar), 2966, 2850 (CH aliphatic), 1701G20), 1593, 1550,
1516 (C=C)H-NMR (CDC) §: 1.19 (t, 3H, CHCH), 2.50 (s, 3H, Cklat C7), 2.72 (q, 2H, C}€Hs), 2.92 (s, 3H,
CHj; at C3), 3.98 (s, 3H, OGH 4.00 (s, 3H, OC}), 6.98 (d, 1HJ=8.7 Hz, H-3 Ar), 7.44 (d, 1HJ=8.7 Hz, H-9
Ar), 7.63 (s, 1H, H-2Ar), 7.69 (d, 1HJ=9.0 Hz, H-8 Ar), 7.84 (d, 1H]=8.7 Hz, H-6 Ar). MS (m/2 %: 406 (M)
34.78%. Anal. Calcd. for £H»,05 (406.43): C, 70.92; H, 5.46. Found: C, 70.97; K485

2.1.8.5. 2-(4-Bromaobenzoyl)-3,7-dimethyl-6-ethyl-5H-fur o[ 2,3-h]benzopyr an-5-one (%)

Yield 65%. mp 234-238 °C. IR (KBr) ¢ 3068 (CH Ar), 2964, 2870 (CH aliphatic), 1707G20), 1602, 1583,
1562, 1546 (C=C)!H-NMR (DMSO-dg) d: 1.06 (t, 3H, CHCH;), 2.50 (s, 3H, Chlat C7), 2.64 (g, 2H, C}CH),
2.81 (s, 3H, CHat C3), 7.63 (d, 1HJ=9.3 Hz, H-9 Ar), 7.80 (d, 1H]=8.4 Hz, H-8 Ar), 7.92 (d, 2H]=3.9 Hz, H-
3.5 Ar), 7.95 (d, 2HJ=3.3 Hz, H-26' Ar). MS (m/2 %: 425 (M) 6.90%. Anal. Calcd. for £H1-BrO, (425.27):
C, 62.13; H, 4.03. Found: C, 62.08; H, 4.17.

2.1.8.6. 2-Benzoyl-6-ethyl-7-methyl-3-phenyl-5H-fur o[ 2,3-h]benzopyr an-5-one (9f)

Yield 80%. mp 233-235 °C. IR (KBr) ¢ 3057 (CH Ar), 2966, 2873 (CH aliphatic), 1714G20), 1600, 1577,
1544 (C=C).*H-NMR (CDCL) 6: 1.13 (t, 3H, CHCHs), 2.50 (s, 3H, CH), 2.67 (g, 2H, CKCHs), 7.29-7.79 (m,
12H, Ar-H). MS /2 %: 408 (M) 30.20%. Anal. Calcd. for GH,,0, (408.45): C, 79.40; H, 4.94. Found: C,
79.68; H, 5.21.

2.1.8.7. 6-Ethyl-7-methyl-2-(4-methylbenzoyl)-3-phenyl-5H-fur o[ 2,3-h] benzopyr an-5-one (9g)

Yield 67%. mp 213-216 °C. IR (KBr) c¢fn 3034 (CH Ar), 2968, 2873 (CH aliphatic), 1714G20), 1602, 1544
(C=C).'H-NMR (DMSO-d) 6: 1.03 (t, 3H, CHCH), 2.33 (s, 3H, CHat C7), 2.49 (s, 3H, GHat C4), 2.54 (q,
2H, CHCHjy), 7.22 (d, 1HJ=7.8 Hz, H-9 Ar), 7.33-7.53 (m, 5H, H;8 Ar, H-3",4",5" Ar), 7.69 (d, 1HJ=8.4 Hz,
H-8 Ar), 7.77 (d, 2HJ=8.7 Hz, H-2,6" Ar), 7.99 (d, 2HJ=8.7 Hz, H-26' Ar). MS (m/2 %: 422 (M) 82.96%.
Anal. Calcd. for GgH,,0, (422.47): C, 79.60; H, 5.25. Found: C, 79.54; 1295

2.1.8.8. 6-Ethyl-2-(4-methoxybenzoyl)-7-methyl-3-phenyl-5H-fur o[ 2,3-h]benzopyr an-5-one (9h)

Yield 69%. mp 218-220 °C. IR (KBr) ¢l 3090 (CH Ar), 2962, 2839 (CH aliphatic), 1710G20), 1600, 1575,
1544, 1508 (C=C)*H-NMR (CDC}L) d: 1.13 (t, 3H, CHCH), 2.49 (s, 3H, Ch), 2.67 (q, 2H, CHCH,), 3.83 (s,
3H, OCH), 6.79 (d, 3H,J=9.3 Hz, H-9 Ar, H-35' Ar), 7.35 (t, 1H, H-4 Ar), 7.50 (t, 2H, H-3,5" Ar), 7.55 (d, 1H,
J=8.7 Hz, H-8 Ar), 7.74 (d, 2H]=9.3 Hz, H-2,6" Ar), 7.83 (d, 2HJ=9.0 Hz, H-2,6' Ar). MS (m/2 %: 438 (M)
99.13%. Anal. Calcd. for £gH»,05 (438.47): C, 76.70; H, 5.06. Found: C, 76.79; H]15

2.1.8.9. 2-(3,4-Dimethoxybenzoyl)-6-ethyl-7-methyl-3-phenyl-5H-fur o[ 2,3-h] benzopyr an-5-one (9i)

Yield 59%. mp 215-218 °C. IR (KBr) ¢ 3090 (CH Ar), 2962, 2843 (CH aliphatic), 1720G20), 1593, 1581,
1554, 1512 (C=C)!H-NMR (CDCk) ¢: 1.13 (t, 3H, CHCH,), 2.49 (s, 3H, CH), 2.67 (q, 2H, CKCH), 3.85 (s,
3H, OCH), 3.90 (s, 3H, OCH), 6.73 (d, 2H,J=8.4 Hz, H-9 Ar, H-5Ar), 7.34-7.57 (m, 6H, H-8 Ar, H®' Ar, H-
3".4"5" Ar), 7.74 (d, 2H,J=8.7 Hz, H-2,6" Ar). MS (m/2 %: 468 (M) 95.11%. Anal. Calcd. for £H,,0s
(468.50): C, 74.35; H, 5.16. Found: C, 74.42; 1225.

2.1.8.10. 2-Benzoyl-3,6,7-trimethyl-5H-fur o[ 2,3-h]benzopyr an-5-one (9})

Yield 75%. mp 154-156 °C. IR (KBr) ¢t 3066 (CH Ar), 2922, 2860 (CH aliphatic), 1701G20), 1597, 1550
(C=C).'H-NMR (DMSO-s) 6: 2.14 (s, 3H, Chlat C7), 2.63 (s, 3H, CtHat C6), 2.80 (s, 3H, CHat C3), 7.75 (m,
4H, H-9 Ar, H-3,4.5 Ar), 7.93 (d, 1HJ=8.7 Hz, H-8 Ar), 7.99 (d, 2H}=7.2 Hz, H-26' Ar). MS (m/2 %: 332
(M%) 92.23%. Anal. Calcd. for £H160, (332.35): C, 75.89; H, 4.85. Found: C, 76.14; 1925
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2.1.8.11. 2-(4-M ethylbenzoyl)-3,6,7-trimethyl-5H-fur o[ 2,3-h]benzopyr an-5-one (9k)

Yield 64%. mp 243-246 °C. IR (KBr) ¢ 3080 (CH Ar), 2922, 2854 (CH aliphatic), 1705G20),1602, 1566,
1548 (C=C).H-NMR (DMSO-ds) J: 2.15 (s, 3H, Chlat C7), 2.43 (s, 3H, CHat C6), 2.50 (s, 3H, CHat C3), 2.79
(s, 3H, CH at C4), 7.41 (d, 1H J=8.7 Hz, H-9 Ar), 7.66 (d, 1H]=9.0 Hz, H-8 Ar), 7.91 (d, 2H]=4.8 Hz, H-35
Ar), 7.94 (d, 2HJ=5.7 Hz, H-2,6' Ar). MS (m/2 %: 346 (M) 0.97%. Anal. Calcd. for SH150, (346.38): C, 76.29;
H, 5.24. Found: C, 76.38; H, 5.42.

2.1.8.12. 2-(4-M ethoxybenzoyl)-3,6,7-trimethyl-5H-fur o[ 2,3-h] benzopyr an-5-one (9l)

Yield 70%. mp 238-241 °C. IR (KBr) ¢l 3070 (CH Ar), 2966, 2873 (CH aliphatic), 1708G20), 1597, 1566,
1548 (C=C)H-NMR (CDC}) ¢: 2.15 (s, 3H, CHlat C7), 2.43 (s, 3H, GHat C6), 2.79 (s, 3H, GHat C3), 3.91 (s,
3H, OCH), 7.03 (d, 2HJ=9.0 Hz, H-35' Ar), 7.44 (d, 1HJ=9.3 Hz, H-9 Ar), 7.69 (d, 1HI=9.0 Hz, H-8 Ar), 8.12
(d, 2H,J=8.7 Hz, H-2,6' Ar). MS (m/2 %: 362 (M) 5.17%. Anal. Calcd. for £H140s (362.38): C, 72.92; H, 5.01.
Found: C, 73.15; H, 4.97.

2.1.8.13. 2-(3,4-Dimethoxybenzoyl)-3,6,7-trimethyl-5H-fur o[ 2,3-h]benzopyr an-5-one (9m)

Yield 64%. mp 176-178 °C. IR (KBr) ¢t 3085 (CH Ar), 2931, 2839 (CH aliphatic), 1712G20), 1593, 1512
(C=C).*H-NMR (CDCly) 6: 2.19 (s, 3H, Chlat C7), 2.37 (s, 3H, CHat C6), 2.92 (s, 3H, CHat C3), 3.90 (s, 3H,
OCHg), 3.98 (s, 3H, OCHJ, 7.00 (d, 1H,J=9.0 Hz, H-3 Ar), 7.43-7.68 (m, 4H, H-8,9 Ar, H-3' Ar). MS (m/2 %:
392 (M") 51.74%. Anal. Calcd. for GH,,0g (392.40): C, 70.40; H, 5.14. Found: C, 70.38; H95

2.1.8.14. 2-(4-Bromobenzoyl)-3,6,7-trimethyl-5H-fur o[ 2,3-h] benzopyr an-5-one (9n)

Yield 73%. mp 252-254 °C. IR (KBr) ¢f 3085 (CH Ar), 2924, 2858 (CH aliphatic), 1714G20), 1604, 1581,
1548 (C=C)*H-NMR (DMSO-dg) 6: 2.13 (s, 3H, CHat C7), 2.45 (s, 3H, CHat C6), 2.79 (s, 3H, GHat C3), 7.62
(d, 1H,J=8.7 Hz, H-9 Ar), 7.80 (d, 1HJ=8.7 Hz, H-8 Ar), 7.91 (d, 2H]=4.8 Hz, H-35 Ar), 7.93 (d, 2HJ=5.4

Hz, H-2,6' Ar). MS (m/2 %: 411 (M) 4.78%, 413 (N+2) 4.09%. Anal. Calcd. for gH1sBrO, (411.25): C, 61.33;
H, 3.68. Found: C, 61.41; H, 3.76.

2.1.8.15. 2-Benzoyl-6,7-dimethyl-3-phenyl-5H-fur o[ 2,3-h]benzopyr an-5-one (90)

Yield 77%. mp 127-129 °C. IR (KBr) ¢l 3057 (CH Ar), 2924, 2860 (CH aliphatic), 1716G20), 1597, 1579,

1554 (C=C)H-NMR (CDCl) &: 2.19 (s, 3H, Chlat C7), 2.37 (s, 3H, Ctht C6), 7.29-7.58 (m, 10H, H-8,9 Ar, H-
3,4.5, H-2",3",4"5",6" Ar), 7.80 (d, 2H,J=6.9 Hz, H-26' Ar). MS (m/2 %: 394 (M) 71.43%. Anal. Calcd. for

CoeH1504 (394.42): C, 79.17; H, 4.60. Found: C, 79.22; 1634

2.1.8.16. 6,7-Dimethyl-2-(4-methylbenzoyl)-3-phenyl-5H-fur o[ 2,3-h] benzopyr an-5-one (9p)

Yield 69%. mp 230-232 °C. IR (KBr) ¢t 3040 (CH Ar), 2919, 2850 (CH aliphatic), 1714G20), 1604, 1544
(C=C)!H-NMR (DMSO-dy) d: 2.09 (s, 3H, CHat C7), 2.34 (s, 3H, CHat C6), 2.48 (s, 3H, GHat C4), 7.22 (d,
3H, J=8.4 Hz, H-9 Ar, H-35' Ar), 7.33-7.53 (m, 3H, H/34",5" Ar), 7.70 (d, 1HJ=8.1 Hz, H-8 Ar), 7.77 (d, 2H,
J=9.0 Hz, H-2,6" Ar), 7.98 (d, 2H,J=8.7 Hz, H-26' Ar). MS (m/2) %: 408 (M) 45.99%. Anal. Calcd. for
C,H,00,4 (408.45): C, 79.40; H, 4.94. Found: C, 79.46; 985

2.1.8.17. 6,7-Dimethyl-2-(4-methoxybenzoyl)-3-phenyl-5H-fur o[ 2,3-h]benzopyr an-5-one (9q)

Yield 72%. mp 224-226 °C. IR (KBr) ¢l 3055 (CH Ar), 2966, 2839 (CH aliphatic), 1714G20), 1600, 1573,
1544, 1508 (C=C)'H-NMR (CDCL) d: 2.20 (s, 3H, Chlat C7), 2.48 (s, 3H, GHat C6), 3.83 (s, 3H, OGH 6.79

(d, 3H,J=8.7 Hz, H-9 Ar, H-35' Ar), 7.33-7.49 (m, 3H, H/34",5" Ar), 7.51 (d, 1HJ=8.7 Hz, H-8 Ar), 7.73 (d,
2H, J=9.3 Hz, H-2,6" Ar), 7.83 (d, 2H,J=8.7 Hz, H-2,6' Ar). MS (m/2 %: 424 (M) 79.00%. Anal. Calcd. for
CoH200s5 (424.44): C, 76.40; H, 4.75. Found: C, 76.53; H24

2.1.8.18. 2-(3,4-Dimethoxybenzoyl)-6,7-dimethyl-3-phenyl-5H-fur o[ 2,3-h]benzopyran-5-one (9r)

Yield 68%. mp 150-153 °C. IR (KBr) ¢ 3059 (CH Ar), 2935, 2839 (CH aliphatic), 1716G20), 1597, 1512
(C=C).'H-NMR (CDCL) d: 2.20 (s, 3H, Chlat C7), 2.48 (s, 3H, GHat C6), 3.85 (s, 3H, OGH 3.91 (s, 3H,
OCH), 6.72-7.75 (m, 10H, Ar-H). M/ %: 454 (M) 45.73%. Anal. Calcd. for gH,,0s (454.47): C, 74.00; H,
4.88. Found: C, 74.08; H, 4.91.

2.1.8.19. 2-(4-Bromobenzoyl)-6,7-dimethyl-3-phenyl-5H-fur o[ 2,3-h]benzopyr an-5-one (9s)

Yield 75%. mp 258-262 °C. IR (KBr) ¢ 3060 (CH Ar), 2924, 2855 (CH aliphatic), 1720G20), 1610, 1585,
1540 (C=C).H-NMR (CDCl;) 6: 2.20 (s, 3H, CHlat C7), 2.49 (s, 3H, GHat C6), 7.26-7.76 (m, 11H, Ar-H). MS
(M2 %: 473 (M) 100%. Anal. Calcd. for gH.,BrO, (473.31): C, 65.98; H, 3.62. Found: C, 66.04; 1393
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2.1.9. General Procedure for synthesis of ethyl (8-acyl-3,4-dimethyl-2-oxo-2H-1-benzopyran-7-yloxy)acetates
(10a,b) (Scheme 3).

A mixture of compoundc,d (0.01 mol) and ethyl chloroacetate (2.4 ml, 0.G#)rm acetone (50 ml) in presence of
anhydrous potassium carbonate (2.76 g, 0.02 mad)refluxed while stirring for 24 h. The solvent wdistilled off
and the residue was washed with water, filtereddaied! to givelOa,b. Product was crystallized from isopropanol.

2.1.9.1. Ethyl (8-acetyl-3,4-dimethyl-2-oxo0-2H-1-benzopyr an-7-yloxy)acetate (10a)

Yield 91%. mp 152-154 °C. IR (KBr) ¢l 3091 (CH Ar), 2984, 2927 (CH aliphatic), 17460573 C=0), 1604,
1498 (C=C).H-NMR (DMSO-dg) d: 1.20 (t, 3H, CHCH), 2.07 (s, 3H, CHlat C4), 2.37 (s, 3H, GHat C3), 2.54
(s, 3H, COCH), 4.16 (g, 2H, CKCHjy), 5.01 (s, 2H, OCKCO), 7.08 (d, 1HJ=9.3 Hz, H-6 Ar), 7.78 (d, 1H]=9.0
Hz, H-5 Ar). MS (/2 %: 318 (M) 68.33%. Anal. Calcd. for §H150s (318.32): C, 64.14; H, 5.70. Found: C,
64.31; H, 5.78.

2.1.9.2. Ethyl (8-benzoyl-3,4-dimethyl-2-oxo-2H-1-benzopyr an-7-yloxy)acetate (10b)

Yield 72%. mp 160-161 °C. IR (KBr) ¢ 3057 (CH Ar), 2987, 2870 (CH aliphatic), 17573571712 (3 C=0),
1597, 1531 (C=C)'H-NMR (CDCk) d: 1.22 (t, 3H, CHCH), 2.15 (s, 3H, Chklat C4), 2.39 (s, 3H, CHat C3),
4.18 (q, 2H, CHCH;y), 4.64 (s, 2H, OCKCO), 6.79 (d, 1HJ=9.0 Hz, H-6 Ar), 7.41-7.91 (m, 4H, H-5 Ar, H;8,5

Ar), 7.62 (d, 2H,J=7.2 Hz, H-26' Ar). MS (m/2 %: 380 (M) 53.06%. Anal. Calcd. for £H,sOs (380.39): C,
69.46; H, 5.30. Found: C, 69.53; H, 5.27.

2.1.10. General Procedure for synthesis of (8-acyl-3,4-dimethyl-2-oxo-2H-1-benzopyran-7-yloxy)acetic acid
(11a,b) (Scheme 3).

A solution of10a,b (0.01 mol) and potassium hydroxide (2.52 g, 0.6%#8) in methanol/water mixture (1:1) (50
ml) was refluxed for 30 min. The solution was afiégdl with 10% HCI and the precipitated solid waltefied,
washed and dried. The obtained solid was crystallfrom ethyl acetate to givda,b.

2.1.10.1. (8-Acetyl-3,4-dimethyl-2-oxo-2H-1-benzopyran-7-yloxy)acetic acid (11a)

Yield 73%. mp 252-253 °C. IR (KBr) ¢ 3059 (CH Ar), 2929, 2860 (CH aliphatic), 2800625 carboxylic OH),
1766, 1710, 1674 (3 C=0), 1600, 1500 (C=E)}NMR (DMSO-ds) d: 2.07 (s, 3H, Chlat C4), 2.27 (s, 3H, CHat
C3), 2.53 (s, 3H, COCHl 4.90 (s, 2H, Ch), 7.06 (d, 1HJ=8.7 Hz, H-6 Ar), 7.78 (d, 1H]=9.3 Hz, H-5 Ar), 13.20
(s, 1H, OH exch. BD). MS M/2 %: 290 (M) 31.17%. Anal. Calcd. for £H:40s (290.27): C, 62.07; H, 4.86.
Found: C, 62.08; H, 4.94.

2.1.10.2. (8-Benzoyl-3,4-dimethyl-2-oxo-2H-1-benzopyr an-7-yloxy)acetic acid (11b)

Yield 61%. mp 200-202 °C. IR (KBr) cm3088 (CH Ar), 2968, 2850 (CH aliphatic), 2586934 carboxylic OH),
1720, 1710, 1689 (3 C=0), 1583, 1508 (C=E}NMR (DMSO-dg) d: 2.04 (s, 3H, Chlat C4), 2.40 (s, 3H, CHat
C3), 4.80 (s, 2H, Ch), 7.09 (d, 1HJ=8.7 Hz, H-6 Ar), 7.50-7.89 (m, 6H, H-5 Ar, Ar-H)3.19 (s, 1H, OH exch.
D,0). MS (/2 %: 352 (M) 12.38%. Anal. Calcd. for gH1¢0¢ (352.34): C, 68.18; H, 4.58. Found: C, 68.14; H,
4.63.

2.1.11. General Procedure for synthesis of 6,7-dimethyl-3-substituted-5H-furo[2,3-h]benzopyran-5-ones
(12a,b) (Scheme 3).

A mixture of 11a,b (0.02 mol) and anhydrous sodium acetate (1.64Q% hol) in acetic anhydride (35 ml) was
refluxed for 1 h, water was added and the mixtuas vefluxed for 10 min., diluted with water andrexted with
ethyl acetate. The organic layer was washed witliuso bicarbonate solution (50 ml). The ethyl aetaias
evaporated and the residue was crystallized froprapanol givingl2a,b.

2.1.11.1. 3,6,7-Trimethyl-5H-fur 0[2,3-h]benzopyr an-5-one (12a)
Yield 70%. mp 244-246 °C. IR (KBr) ¢m 3101 (CH Ar), 2927, 2868 (CH aliphatic), 1701 @s 1613, 1527
(C=C).*H-NMR (CDCl) 6: 2.25 (s, 3H, CHlat C7), 2.47 (s, 3H, GHat C6), 2.55 (s, 3H, GHat C3), 7.36 (d, 1H,
J=9.0 Hz, H-9 Ar), 7.41 (s, 1H, H-2 Ar), 7.49 (d, 13+9.0 Hz, H-8 Ar). MS if//2 %: 228 (M) 100%. Anal. Calcd.
for Cy4H1,05 (228.24): C, 73.67; H, 5.30. Found: C, 73.69; 1335

2.1.11.2. 6,7-Dimethyl-3-phenyl-5H-fur 0[2,3-h]benzopyran-5-one (12b)

Yield 65%. mp 190-191 °C. IR (KBr) ¢ 3095 (CH Ar), 2924, 2856 (CH aliphatic), 1701 (@ 1601 (C=C).
'H-NMR (CDC}) 6: 2.22 (s, 3H, CHat C7), 2.48 (s, 3H, GHat C6), 7.39-7.75 (m, 8H, Ar-H). M$n(2 %: 290
(M%) 100%. Anal. Calcd. for gH.405 (290.31): C, 78.61; H, 4.86. Found: C, 78.82; 1914
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1.2. Antimicrobial and photosensitizing screening

All the synthesized compounds were screened far gmimicrobial and photosensitizing activities the paper
disc diffusion method [21] and compared with xamdtn as reference compound. The tested organigd uss
Bacillus Subtilus

In the preliminary test, employing strong conditigiigh concentration of the substance) was useddtarcting the
active compounds, even weakly active, from thetivamnes.

In another test, only the active compounds weredet® determine the effect of radiation time (esqre to UV-A)
and concentration on their photosensitizing agtivit

Pre-experimental preparations

a) Nutrient agar medium: 0.3% of the beef extract%®df peptone, 0.1% of dipotassium hydrogen phospaat
1.5% agar

b) Broth culture of the organism: slant agar seedetth Wie tested organisifBacillus Subtilus and incubated
overnight.

c) Paper disc: Whatman no. 1 filter paper disc (5 mmere sterilized and impregnated with different
concentrations of the tested compounds (compourmus dissolved in dimethylformamide, DMF), and akaixto
dry overnight. Two concentrations were preparedHertested compounds.

EXPERIMENTAL

0.02 ml of the prepared broth culture was addeeéfaly in the sterile petri dishes then 10 ml oé tliquefied
nutrient agar medium were added, allowed to be dhieiformly and solidified. The impregnated disceras
arranged uniformly on the solidified agar layerckalate contained disc impregnated with DMF (neipédfect of
the solvent) and another disc impregnated withh@tokin as reference compound.

Two groups of plates were used, one as test plamshated in the dark at 8 for 3 h before irradiation (to allow
for diffusion of the tested compounds through tlyardayer) and the duplicate plates were left i@ iticubator
overnight as control to determine the antimicrobiivity.

Covers were removed from plates of first groupté@getri dishes) and exposed to UV lamp (365 ran6O min.
After irradiation, plates were reincubated in tlakdat 37°C overnight and examined for photosensitizing agtiv
(antimicrobial and photosensitizing activities wdetermined by measuring the produced inhibitiomez).

Effect of increasing time of UV-A radiation and concentration on photosensitizing activity for active
benzopyrone and furobenzopyrone derivatives
The experiment was repeated using the selectedleactmpounds to study the effect of radiation tiemel
concentration on the photosensitizing activity.

Two groups of discs were prepared. One group afsdigas impregnated with 0.01 ml (each disc contath® mg
of the tested compounds) and the other group wpeeigmated with 0.02 ml (each disc contained 1 mihetested
compounds).

1.3. QSAR

2.3.1. Computational method

All the computational works were performed on Malee Operating Environment software (MOE version
2008.10.2) [22]. The structures of 17 compounds rié#w compound in addition to 3 puplished compouw2@l,
Figure 1) used as training set and structures of 3 commuiséd as test set (2 new compounds in additidn to
published compound [23Figure 1) were sketched using molecular builder of MOE a&sth structure was
subjected to energy minimization up to 0.01 Kcal/ousing the MMFF94x force field. Optimization nheids
were used followed by conformational search of eaérgy-minimized structure. The most stable conéorof
each structure was selected and saved into datebgeaerate the common descriptors. QuaSAR déscrippdule

of MOE was used to calculate descriptors for eaokeoule. The probability density functions used @aassian.
The RMSD tolerance was set to 0.5 A. Regressioflysisawas performed using photosensitizing activftier
radiation for fourty min. as dependent factor amel¢alculated descriptors as predictable variables.
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Figure 1: Structure of published compounds used in QSAR study

In this study, the pool of descriptors was optirdizesing principal components analysis (PCA). Theéntpation
started with the reduction in the number of molaculescriptors by the determination of the highitgi-correlated
descriptor pairs and only one from each pair wéected then the descriptors with insignificant gade through the
data set were also rejected. QSAR model was thermstewmted after ensuring reasonable correlation of
photosensitizing activity with the individual defptors and minimum inter-correlation among the digsors used

in the derived model. The quality of the model wasessed using the statistical parantéter

2.3.2. Molecular descriptors
AM1 dipole: The dipole moment calculated using the AM1 Hamitim [MOPAC]. The magnitude of the dipole
moment does not depend on the absolute orientatigpace.

logP: Log of the octanol/water partition coefficient (lading implicit hydrogens). This property is calatdd from
a linear atom type model.

logS: Log of the aqueous solubility (mol/l). This propeis calculated from an atom contribution linetom type
model.

SMR: Molecular refractivity (including implicit hydroges). This property is an atomic contribution motteit
assumes the correct protonation state (washedustesg.

TPSA: Polar surface area fRcalculated using group contributions to approxamene polar surface area from
connection table information only.

2.3.3. Model evaluation:
Evaluation of the model and its trial on test Setdmpounds) was used for further assessment dicpirdgty for the
produced model. The predictive ability of the modatak expressed by the predictivevalue (Zpred).

1.4. Docking study

2.4.1. Docking procedure

Docking studies of active antimicrobial compound=s&vperformed by Molecular Operating Environmeriitveare
(MOE version 2008.10.2) [22]. The program operaiader “Window XP” operating system installed onlatel
Pentium IV PC with a 2.8 MHz processor and 512 RAM. minimizations were performed with MOE until a
RMSD gradient of 0.05 Kcal mol A with MMFF94 force field and the partial chargesreveautomatically
calculated. The score function, dock function (8akmol) developed by MOE program was used foruwatin of
the binding affinity of the ligand.

2.4.1.1. Preparation of thetarget DNA gyrase
The X-ray crystal structure of the enzyme with mmzone ligand (PDB code 1AJ6) [24] was obtainexrfrthe
protein data bank in PDB formate. The enzyme wapared for docking.

(i) 3D protonation for the amino acid side chaiml @movobiocin. (ii) Isolation of the active sitexdition to be dealt
with as rigid structure and recognition of amindadac (iii) Creation of dummies around active s{ie) Studying the
interactions of the ligand (novobiocin) with theiamacids of the active site.

2.4.1.2. Preparation of compounds for docking

The 3D structures of the synthesized compounds lugheusing MOE and subjected to the following gedure: (i)
3D protonation of the structures. (i) Running amnfiational analysis using systemic search. (iilp&@g the least
energetic conformer. (iv) Applying the same dockimgtocol used with novobiocin.
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2.4.1.3. Docking running

Prior to docking of benzopyrone and furobenzopyrdeevatives, redocking of the native ligand boundthe
topoisomerase Il active site was performed to adidhe docking protocol. The generated most stadtéormer of
each compound was virtually docked into the prewefiactive site of topoisomerase Il. The developecked
models were energetically minimized and then usegiré¢dict the interaction of the ligand with theiaonacids in
the active site of the enzyme.

RESULTSAND DISCUSSION

1.5. Chemistry
The target compounda-h, 7a,b, 9a-s and12a,b were synthesized as depictedsahemes 1-3.

The starting compounds 3,8-disubstituted-7-hydréxmethyl-2H-1-benzopyran-2-ondla-d [18] and phenacyl
bromide derivatives [19] were prepared accordinthéopreviously reported procedures.

Refluxing 7-hydroxy-#-1-benzopyran-2-onda,b with appropriate phenacyl bromide derivative ity éicetone
containing anhydrous potassium carbonate yieldedr eterivative®a-h, Scheme 1. This mild reaction condition
was adopted to avoid any probability for the opgnii the sensitive pyrone ring [25]. Complete reacttwas
achieved with negative ferric chloride test.

Cyclization of ether derivative2a-h to furo[3,2-g]benzopyran-7-one3a-h were achieved through reflux with
alcoholic potassium hydroxide followed by subsed@eidification Scheme 1.

Attempts for etherification of 3-ethyl-7-hydroxymethyl-2H-1-benzopyran-2-ongb with 3,4-dimethoxyphenacyl
bromide under previous conditions gave the andula{2,3-h]benzopyran-5-or¢in one step reactigrscheme 1.
Trials to decrease reaction time to obtain theredkeivative gave same product.

Cinnamylation of 7-hydroxybenzopyran-2-oda,c with cinnamyl chloride through reflux in dry ace® in
presence of anhydrous potassium carbonate yieldedrmyl etherdba,b, Scheme 2. These ether derivativém,b
gave negative ferric chloride test.

Claisen rearrangement of 7-cinnamyloxybenzopyré&ags was achieved through refluxing witkhN-diethylaniline
and gave mixture of products, the open rearrangedust 6a,b and the cyclized furobenzopyran-7-oiia,b,
Scheme 2. Use ofN,N-diethylaniline [26] was preferred thaMN-dimethylaniline [27] due to reduction in reaction
time and lower temperature. Separation of produas wbtained through alkalinization and extractidth wether.
The open rearranged prodiztb were achieved from aquous alkaline solution aftédification with hydrochloric
acid. Compound$a,b gave positive result with ferric chloride te¥-NMR spectra proved different position of
double bond of propenyl group that either 1l-phelvpropenyl6a or 1-phenyl-2-propenybb. Compound6a
spectrum showed presence of doublet signal at ApB® corresponding to GFHCH=C and quartet at 6.40 ppm
corresponding to CHCH=C. On the other handpectrum for compounéb showed presence of doublet signal at
4.89 ppm and two multiplet at 5.12-5.18 and 6.3B6pm assigned to GHCH-CH, CH=CH-CH and CH=CH-
CH, respectively.

Furo[3,2-g]benzopyran-7-oné&,b were obtained by two different proceduyr&heme 2. First, the ether layer
from the previous extraction was evaporated to eaghithe cyclized furobenzopyran-7-onésb. Second, the
rearranged produ@a,b underwent cyclization by refluxing in a mixtureglfcial acetic acid and hydrobromic acid.
Cyclization mechanism was presumably via cyclopnepatermediate to give dihydrofurobenzopyrone\agives,
Figure2 [28].

Dihydrofurobenzopyran-7-ones were directly dehyeéraged without further purification by refluxingtviDDQ in
dry benzene to achieve the target compoutags

8-Acetyl-7-hydroxy derivatives8a,c were obtained according to reported procedure.[XRgaction of 7-
hydroxybenzopyronetb,d with benzoyl chloride yielded 7-benzoyloxy derivatwhich were subjected to Fries
rearrangement by fusion with anhydrous aluminiunforitte to obtain 8-benzoyl-7-hydroxy derivativép,d,
Scheme 3. The rearrangement occurs either to C6 or C8, kiewyehe majority of rearrangements take placé¢o t
8-position as it was stabilized by the pyrone (i2@]. Positive ferric chloride test indicated frgleenolic OH group.
Refluxing 8-acyl-7-hydroxybenzopyrone®a-d with different phenacyl bromide derivatives in ggace of
anhydrous potassium carbonate in dry acetone a&fforfuro[2,3-h]benzopyran-5-oneSa-s, Scheme 3.
Condensation and cyclization took place in one steption. Ferric chloride test gave negative tesul
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Refluxing 7-hydroxycoumarin8c,d with ethyl chloroacetate in dry acetone in preseat anhydrous potassium
carbonate yielded the required ether derivati@esb, Scheme 3. Use of anhydrous potassium carbonate [30] is

preferred than metal alcoholate [31] to keep th&bpyrone nucleus intact.

Saponification of ester&Oa,b with methanolic potassium hydroxide, followed bgidéfication gave compounds
11a,b, Scheme 3. Use of methanolic potassium hydroxide [32] desedareaction time than use of sodium ethoxide

in ethanol or sodium hydroxide [33,34].

CHj

7aR = CoHs
bR= CH3

Figure 2: Mechanism of cyclization for open rearranged products 6a,b

Table 1: Preliminary screenining of tested compounds for antimicrobial and photosensitizing activities

Cpd. No. Control | Test | Cpd. No. | Control | Test
DMF 8c 6 10
Xanthotoxin 9 12 8d
2a 9a
2b 9b 7
2c --- - 9c
2d 7 7 9d
2e 15 17 9e
2t of
29 — [ — | o
2h %h
3a 9
3b 9
3c 9k 6 10
3d 8 8 9l
3e 6 9m
3f 8 10 on
39 90 8
3h 9% 6
4 11 11 9q
5a 8 or
5b 9s 7 7
6a 8 10a
6b 10b
7a 1la 6 6
7b 13 13 11b 9 9
8a 12a 7 10
8b 6 7 12b 8 10

Control (disc contains 0.01 ml of the screened, the refsseompound).
Test (disc contains 0.01 ml of the screened, the ref@@eompound and time of radiation is 20 min.).

“ Non significant antimicrobial agents.

Cyclization of benzopyronoxyacetic acid derivativds,b to the corresponding angular furobenzopyroii2shb
were performed using acetic anhydride in presefealoydrous sodium acetaticheme 3.
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All the new synthesized compounds were charactrine spectral and elemental analyses which wergilin
agreement with the proposed structures.

1.6. Antimicrobial and photosensitizing screening

Screening of antimicrobial and photosensitizingvéteds for all the synthesized benzopyrone anal@nzopyrone
analogues (linear and angular) were performed Ipempdisc diffusion method [21] using xanthotoxinrakerence
compound. The tested organism used Basillus Subtilus

3.2.1. Antimicrobial activity

The Antimicrobial activity was compared with that xanthotoxin "diameter of inhibition zone befotd/-A
radiation ", Table 1. Benzopyrone derivativeZl,e and11b showed antimicrobial activity, from which compouzel
showed higher activity even than xanthotoxin. Lmdarobenzopyrone analogue3d,f and 7b exhibited
antimicrobial activity. Compoundrb, in particular, had good activity higher than aotoxin. Angular
furobenzopyrone analogue$, 9s and 12ab showed antimicrobial activity. Compounds had reasonable
antimicrobial activity better than xanthotoxi@ompounds8b,c, 11a and 9k had non significant antimicrobial
activity. The rest of the screened compounds showed no antibiéal activity.

3.2.2. Photosensitizing activity

The photosensitizing activity was compared witht thh xanthotoxin "diameter of inhibition zone aftgV-A
radiation ", when the disc contains 0.01 ml ofibierence or screened compounds and the timali@fti@n was 20
min, Table 1. Benzopyrone derivative®e, 5a, 6a and 8b,c showed photosensitizing activity. Linear
furobenzopyrone8e,f exhibited photosensitizing activity. Angular fuestzopyrone®b,k,0,p and12a,b proved to
be active as photosensitizing. The rest of thees@ compounds were devoid of photosensitizingifcti

Increasing the time of UV-A radiation up to 40 minstead of 20 min. and using the same concentraifathe
screened, reference compoundable 2, Figure 3. Photosensitizing activity for benzopyrone deiives 2d,e, 5a,

6a and8b,c was affected by increasing time of radiation. Commmis11la,b showed no change in photosensitizing
activity. Photosensitizing activity for linear furenzopyrone analogu&sl-f was directly proportional with time of
radiation to UV-A. Otherwise, compourtb exhibited no photosensitizing activity. Photosgrisig activity for
angular furobenzopyrone analog@sk,o,p,s and12a,b was directly proportional with time of radiatiom t/V-A.
However, compound had no photosensitizing activity.

Table 2: Effect of increasing time of radiation and concentration on photosensitizing activity for the active compounds

Cpd. No. Control Test ‘Test “Test
DMF - ---
2d 7 7 15 21
2e 15 17 23 27
3d 8 8 12 18
3e 6 10 16
3f 8 10 17 22
4 11 11 11 14
5a 8 10 12
6a 8 9 10
7b 13 13 13 18
8b 6 7 10 10
8c 6 10 13 15
9b 7 8 12
9k 6 10 11 14
90 8 10 12
9 6 11 12
9s 7 7 9 15
1la 6 6 6 9
11b 9 9 9 13
12a 7 10 12 14
12b 8 10 13 17
Xanthotoxin 9 12 15 19

Control (disc contains 0.01 ml of the screened réference compound).
Test (disc contains 0.01 ml of the screened, tfegerce compound and time of radiation is 20 min).
“Test (disc contains 0.01 ml of the screened, tfegarce compound and time of radiation is 40 min.).
“Test (disc contains 0.02 ml of the screened, tfeg@rce compound and time of radiation is 20 min.).
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Figure 3: The bar diagram showing antimicrobial, photosensitizing activities and effect of increasing time of radiation and concentration
on photosensitizing activity of the screened compounds and their comparison to solvent DM F and reference standar d xanthotoxin

Increasing the concentration of the reference meseed compounds up to 1 mg/ml instead of 0.5 mghadlusing
the same period of UV-A radiation, 20 mif.able 2, Figure 3, results showed a direct correlation between
photosensitizing activity and concentration for tmmfsthe compounds.

1.7. QSAR Study

In an attempt to correlate the photosensitizingvigt with the structure conformation of the synsimed
benzopyrone, linear and angular furobenzopyronévateres, QSAR study was undertaken. Descriptorghef
molecular modeling software, Molecular OperatingviEanment (MOE version 2008.10.2) were used [2HeT
structural descriptors used in the generation e$¢hmodels include: The dipole moment calculaté@igube AM1
Hamiltonian (AM1_dipole), Log of the octanol/watpartition coefficient (logP), Log of the aqueoudusidity
(logS), Molecular refractivity (SMR) and Polar sacé area (TPSA) as shownTiable 3.

Table 3: The molecular descriptor values of thetraining set compounds

Cpd. No _ Descriptors
"7 | AM1 dipole | LogP (o/w) LogS SMR TPSA
2d 7.1672 5.2590 -7.0341 10.3666 52.6000
2e 8.0418 4.1597 -6.0444  10.9071 71.06p0
3d 3.7779 6.2240 -8.7561  10.26Q7  39.44Pp0
3e 6.9207 4.7800 -7.5155 10.5898 65.74p0
3f 5.8849 5.1690 -7.5053 9.0170  39.44D0
5a 5.8238 5.5500 -6.1181  10.0670 35.53p0
6a 6.0687 5.4560 -6.2327 9.9846  46.53D0
8b 5.6644 4.0710 -5.3444 8.6501  63.60P0
9b 2.9581 5.1220 -7.9390 10.4082 56.51p0
9k 2.6750 4.6470 -7.4238 9.9466  56.51P0
90 2.5574 6.0110 -9.2158 11.5428 56.5100
9s 5.4731 6.8090 -10.3062 12.3127 56.5100
12a 3.6649 2.9860 -4.7242 6.4854  39.44D0
12b 3.7244 4.6180 -6.9921 8.5558  39.44D0
13a 7.2331 7.7840 -6.5188 9.9050  52.60P0
13b 7.9229 3.6847 -5.5292  10.4453 71.0600
13c 7.2405 4.5270 -6.3584 9.4312  52.60P0

The observed photosensitizing activity "expressethe term of produced inhibition zones after UMrfadiation
for 40 min." together with the predicted activiti@®red. activity) for the training set compoundbeTbest derived
QSAR linear model for the 17 compounds (14 new aoumps in addition to 3 published compounds [Z3fure
1) was presented by the following estimated equation

Photosensitizing activity = 12.92794 + 1.34495AM 1 _dipole - 8.60214 MogP (o/w)
—189D xlogS + 3.80798 XSMR - 0.31966 XT PSA
r’=0.6153
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From the equation, photosensitizing activity wasifpeely correlated with AM1_dipole, SMR and negaty
correlated with LogP (o/w), LogS and TPSA. The higlefficient value of logP (o/w), SMR and the comgtively
lower value of LogS, AM1_dipole and TPSA suggedteat the decrease in partition coefficient and éase in
molecular refractivity lead to enhancement of agtivThis was in good agreement with the obtainepleemental
data, where in case of most active compowzeland 13b showed slight increase in molecular refractivibiue
accompanied by decrease in partition coefficiehtevéeading to increase in activity.

The observed activities (Obs. activity) togethethwthe predicted activities (Pred. activity) foettested compounds
calculated using multi-linear regression (MLR) hsted inTable 4. All compounds showed very good results with
Z-scores not exceed the value of 2.5 indicatingeksuet predictive ability of the model.

Table4: The observed photosensitizing activity (Obs. activity) " expressed in the term of produced inhibition zones after UV-A
irradiation for 40 min." together with the predicted activity (Pred. activity) for the training set compounds

Cpd. No. | Obs. Activity | Pred. Activity | Residual | Z-score
2d 15 13.9069 1.0932 0.418
2e 23 18.7382 4.2618 1.6327
3d 12 8.2576 3.7424 1.4337
3e 10 15.2975 -5.2575 2.0291
3f 17 12.9560 4.0440 1.549
5a 10 12.1004 -2.1004 0.8047
6a 9 9.6752 -0.6752 0.2587
8b 10 8.7096 1.2904 0.4943
9% 8 10.1234 -2.1234 0.8134
9k 11 11.0512 -0.0512 0.019¢
90 10 8.7832 1.2168 0.4661
9s 9 10.9296 -1.9295 0.7397

12a 12 13.8643 -1.8643 0.7142
12b 13 12.0126 0.9874 0.378
13a 12 15.3041 -3.3041 1.265
13b 22 19.8868 2.1132 0.8094
13c 14 15.4034 -1.4034 0.5377

The Z score method was adopted for the detectiautiers. Z score can be defined as absoluterdififse between
the value of the model and the activity field, detl by the square root of the mean square errireadata set. Any
compound which shows a value of Z score higher th&n during generation of a particular QSAR modkel,
considered as outlier [35No outliers were observed in this model as showelhble 4, indicating that, molecular
descriptors used for the training set were good.

The observed activity was plotted against theidjated values (calculated by MLR) with a valuerdfound to be
0.6153,Table4, Figure 3.
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Figure 3: Correlation plot of observed and predicted activities of the training set for QSAR model, r? = 0.6153

Fraction of the Variancerq): Represent the goodness of fit. The valug®ofnay vary between 0 and 1, when
multiplied by 100 gives explained variance in bgtal activity, where 1 means a perfect model erplg 100%
of the variance in the data, and 0 means a modbkbui any explanatory power. It has already begyessted that
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the only QSAR model havingf > 0.6 will be considered for validation [36]. Valwfr? for this QSAR model is
0.6153.

3.3.1. Model evaluation:

The true predictive power of a QSAR model was driteed by comparing the predicted and observed itiegvof
the test set compounds (2 new compounds in additidnpublished compound [23}jgure 1) that not used in the
QSAR model development of training set. The obseaaivities were plotted against their predictatles,Table
5, Figure 4.

Table5: The observed photosensitizing activity (Obs. activity) " expressed in the term of produced inhibition zones after UV-A
irradiation for 40 min." together with the predicted activity (Pred. activity) for the test set

Cpd. No. | Obs. Activity | Pred. Activity | Residual
8c 13 12.3304 0.6696
% 11 10.2702 0.7298
14 14 14.3391 -0.3391
AR RPN FAPRTH - 137581 1O, T LAY
U-.tau
14
i}
\E
I T T T T R T T T T T e T s
ien. ity

Figure 4: Correlation plot of observed and predicted activities of the test set for QSAR model, r%yeq = 0.9690

The predictive ability of the model was expressgdHe predictiver? value (Zp,ed), the value ofzpred is 0.9690, it
was calculated by the following Equation [37]:

X (y pred(test) -y test)’
2(v test — ¥ training)?

ripred=1—

where y pred(test) and y test are the respectigdigied and observed activities of the test setpoamds andy
training is the observed mean activity of the firagnset compounds.

1.8. Docking study

DNA topoisomerases are ubiquitous enzymes resplerfsibcontrolling the topological state of DNA @ells. They
are charged with the task of resolving topologipadblems which arise during the various processeBNMA
including transcription, recombination, replicaticend chromosome partitioning during cell divisiomhe
mechanism of these enzymes involves DNA cleavagk [NA strand passage through the break, followed by
religation of the cleaved DNA. From a medical poirfitview, topoisomerases are important targetsafdarge
variety of antitumor as well as antibacterial compds [38]. Topoisomerase inhibitors are often dididnto,
according to which type of enzyme it inhibits, tegmnerase | and Il inhibitors. Type | enzymes, Wwhiteave a
single strand of DNA during the course of the rigectind type |l enzymes, which cleave both straimdgddition,
there are two subclasses of type Il topoisometgpe, IIA and type 11B [39]. Type IIA topoisomerasigglude the
enzymes DNA gyrase, eukaryotic topoisomerase Pqt) and bacterial topoisomerase IV (topo IV).p&ylIB
topoisomerases, comprise a single family membpnisomerase VI (topo VI).

DNA gyrase is essential to the cell due to its umigbility to introduce negative supercoils into ®nd so
involved during replication and transcription. Ggeas present in prokaryotes and some eukaryottsidb present
in humans. This makes gyrase a good target fobiatitis. The enzyme consists of two subunits, A Bnd'he A
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protein is responsible for DNA cleavage and rejggniwhereas the B protein contains the ATP-bindiitgg There
are two classes of antibiotics that inhibit gyrg8d]. The aminocoumarins, including novobiocin, wadby
competitive inhibition of energy transduction of BNyyrase by binding to the ATPase active site ledadn the
GyrB subunit. The quinolones, including nalidixiichand ciprofloxacin, act by interfering with tB&NA breaking-
rejoining step on the A subunit. The gyrase B sitbeontains N-terminal domain which includes thie ©if ATP
hydrolysis and C-terminal domain which interactshmvthe A subunit and probably DNA. The crystal stawe of
this N-terminal fragment complexed with novobioghowed that, residues that make contact with balinde
coumarin derivatives in the active site of DNA gggaare Thrl65, Gly146, Argl36, Ile78, Gly77, ArgA6p73 and
Asn46 amino acids [24,40].

The binding affinity of the ligand was evaluatedhnénergy score (S, Kcal/mol). The compound whalrealed the
highest binding affinity, minimum dock score, igtbne forming the most stable ligand-enzyme comlergth of
the hydrogen bond and arene cation interaction wis@ used to assess the binding models. The sesfuttocking
studies; dock score, involved DNA gyrase active sitnino acid interacting ligand moieties and hydrogpond

length for each compound and ligand are liste@iahle 6, Figures 6-9.

Table 6: Docking results

?\lpg' Er}eKr(%mrl;a S Binding amino acid I nteracting function group Hy?ggﬁ: gond
Thrl65(through water molecule) CO carbamate 2.02
Gly77(through water molecule) CO carbamate 2.02
Gly77(through water molecule) CO benzopyrone 1.82
Arg76(cation-arene) Benzene of benzopyrone
Novobiocin -13.6636 Arg76(through water molecule) CO amide 2.04
Asp73(through water molecule) CO carbamate 2.02
Asp73 NH;carbamate 1.91
Asn46 OH pyrane 2.05
Val43(through water molecule) NH, carbamate 2.30
Thrl65(through water molecule) CO acyloxy 1.93
Gly77 CO acyloxy 2.17
2d -9.4339 Gly77(through water molecule) CO acyloxy 1.93
Arg76(cation-arene) Benzene of benzopyrone
Asp73(through water molecule) CO acyloxy 1.93
Thrl65 3-OCHs 3.12
Thr165(through water molecule) 3-0OCHs 1.64
% -12.0553 Gly77(through water molecule) 3-OCH;, 1.64
’ Arg76(through water molecule) CO benzopyrone 2.21
Asp73(through water molecule) 3-0OCH; 1.64
Val43(through water molecule) 4-OCH, 2.78
Thrl65 CO benzopyrone 2.95
3d -10.2129 Thrl65(through water molecule) CO benzopyrone 1.52
’ Gly77(through water molecule) CO benzopyrone 1.52
Asp73(through water molecule) CO benzopyrone 1.52
Val120(through water moleculg) CO benzopyrone 2.16
3f -9.7639 Arg76(cation-arene) Phenyl at C3
Asn46(through water molecule) CO benzopyrone 2.16
Thr165 3-OCH, 3.24
4 10.9973 Thr165(through water molecule) 3:—OCI—b 1.44
’ Gly77(through water molecule) 3-OCH; 1.44
Asp73(through water molecule) 3-OCH; 1.44
Thrl65 CO benzopyrone 291
Thrl65(through water molecule) CO benzopyrone 1.44
7b -11.0759 Gly77(through water molecule) CO benzopyrone 1.44
’ Arg76(cation-arene) Benzene of benzopyrone
Arg76(cation-arene) Furan ring
Asp73(through water molecule) CO benzopyrone 1.44
Thr165(through water molecule) CO benzopyrone 1.85
9s -9.4329 Gly77(through water molecule) CO benzopyrone 1.85
Asp73(through water molecule) CO benzopyrone 1.85
Arg76 CO benzoyl 1.88
Arg76 O ether linker 3.28
11b -11.8855 Arg76(through water molecule) CO carboxylic acid 3.52
Arg76(cation-arene) Benzene of benzopyrone C
Gly50 benzopyrone 1.90
12a -8.5277 Gly77 CO benzopyrone 1.92
Arg76 CO benzopyrone 1.97
120 -9.4829 Arg76(through water molecule) CO benzopyrone 2.81
187

www.scholarsresearchlibrary.com




Doaa E. Abdel Rahman et al Der Pharma Chemica, 2014, 6 (6):169-191

Analysis of the docking results revealed that:

i- The novobiocin-DNA gyrase complex was preciselyrodpced by the docking procedure as demonstrated by
low root mean square deviation, rmsd (0.6204) anckdscore (-13.6636 Kcal/molable 6), i.e. the docking
protocol was valid. Novobiocin nearly fits in thetige site forming various hydrogen bonding intéi@es with the
active site residues: CO carbamate with Thr165,7Gland Asp73 (2.02 A) through water molecule, CO
benzopyrone with Gly77 (1.82 A) through water malegc CO amide with Arg76 (2.04 A) through water ewlle,

NH, carbamate with Asp73 (1.91 A) and Val43 (2.30 Aptlgh water molecule and OH pyrane with Asn46 (2.05
A). Also novobiocin formed arene cation interactafrbenzene of benzopyrone with ArgFégure 6.

ii-

(T?]
J5)

T = -g":-?'-
\. 2 - e 3

Figure 6: 2D interactions of Novobiocin on the active site of Topoisomerase ||

iii- Dock scores for significantly active antimicrob@mpoundsZd,e, 11b, 3d.f, 4, 7b, 9s, 12a,b) were found to
have dock score in the range (-12.0553 to -8.52&l/Kol). A significant correlation between doclomes and
antimicrobial activity (diameters of inhibition zes produced before UV-A radiation) of compounds afaserved.
Benzopyrone derivativegd,e and 11b, which had antimicrobial activity (inhibition zogsevere 7, 15 and 9 mm,
respectively), showed strong binding affinity witre active site of the DNA gyrase enzyme (dock esced.4339, -
12.0553 and -11.8855 Kcal/mol, respectively).

Linear furobenzopyrone derivativ8d,f and7b, which have antimicrobial activity (inhibition zes were 8, 8 and
13 mm, respectively), showed strong binding affinitith the active site of the enzyme (dock scofid).2129, -
9.7639 and -11.0759 Kcal/mol, respectively).

Angular furobenzopyrone derivativds9s and12a,b, which have potential antimicrobial activity (ibftion zones
were 11, 7, 7 and 8 mm, respectively), showed gttonding affinity with the active site of the emag (dock score,
-10.9973, -9.4329, -8.5277 and -9.4829 Kcal/mdpeetively).

The highest negative dock score among all testetpoands was estimated for the derivat2ee(with dimethoxy
substitution) that exhibited higher antimicrobiatigity than xanthotoxin. This result was attribdit® envolvement
of 3',4-dimethoxy groups in hydrogen bonding with amin@adn active site of the enzyme.

iv- Inspection of the binding mode also demonstrated 4 compounds showed one to six hydrogen bonds a
arene cation interaction with the enzyme active sisidue. Thrl65, Val120, Gly77, Arg76, Asp73, 8BlyAsn46
and Val43 are the amino acid residues involvediiminteractionTable 6, Figures 7-9.

The benzopyron@e with low energy score (-12.0553 Kcal/mol), the mastive compound mediated six strong
hydrogen bonds with Thr165 (3.12 A), Thr165 throwghter molecule (1.64 A), Gly77 through water malec
(1.64 A) and Asp73 through water molecule (1.64with 3-methoxy group, Val43 through water molecule (2.78
A) with 4-methoxy group and Arg76 (1.95 A) and through watetecule (2.21 A) with CO benzopyrorf&igure

7.
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Figure 7: 2D interactions of 2e on the active site of Topoisomerase ||

The angular furobenzopyrorkewith energy score (-10.9973Kcal/mol), the mosivectompound, mediated four
strong hydrogen bonds with Thr165 (3.24 A) and mgh)yvater molecule (1.44 A), Gly77 through watedenale
(1.44 A) and Asp73 through water molecule (1.44mth 3-methoxy groupFigure 8.

Figure8: 2D interactions of 4 on the active site of Topoisomerase ||

The linear furobenzopyrori# with energy score equal -11.0759 Kcal/mol showmd strong hydrogen bonds with
Thr165 (2.91 A) and through water molecule (1.44 @ly77 through water molecule (1.44 A) and Aspiugh
water molecule (1.44 A) with CO benzopyrone, initidd, two cation arene were mediated through Argiith

benzene ring of benzopyrone and furan rfigure 9.

Figure 9: 2D interactions of 7b on the active site of Topoisomerase ||
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CONCLUSION
According to photosensitizing activity of testedrqmunds, it was apparent from the results that:

For benzopyrone derivatives: 4-bromophenacyloxyssutent had strong photosensitizing activity afterreasing
exposure time (40 min.) for UV-A radiation. In atioin, 7-cinnamyloxy derivatives and its rearrangedduct with
ethyl group at C3 had photosensitizing activityt kwere completely abolished by replacing ethyl witiethyl

group.

For linear furobenzopyrones: C3 substitution witmdthylphenyl or 4-methoxyphenyl substituents catedy
abolished the photosensitizing activity. On the eothhand, 3,4-dimethoxyphenyl substituents showed
photosensitizing activity after UV-A radiation f80 min. and increased after exposure for 40 mintd¥ensitizing
activity of 4-bromophenacyloxy substituent increhdy increasing exposure time for UV-A radiationofdover,
substitution at C2 and C3 with aromatic and alkybups, respectively, produced compounds devoid of
photosensitizing activity.

For angular furobenzopyrones: substitution at OB wiethyl, phenyl and substituted phenyl moietiespectively,
led to descending order of photosensitizing agtivit

Briefly, photosensitizing activity is time dependgneeded long exposure time for UV-A light to ebihitheir
activity) and directly proportional with concenimt for most compounds. Physicochemical properaes
dependant factors for activity as expressed frorARStudy. Concerning the Antimicrobial activity,gsence of
3,4-dimethoxyphenyl substituent at C7 of benzopgrar C3 of angular furobenzopyrone, exhibited good
antimicrobial activity. This was attributed to pitds hydrogen bonding with amino acid residueshia active site

of DNA gyrase enzyme as showed by molecular docking
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