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ABSTRACT

New series of tricyclic compounds (linear furobenzopyrones 3a-d and angular furobenzopyrones 1la-h) and
tetracyclic compounds (tetrahydrobenzofurobenzopyrone 5a,b and benzofurobenzopyrone 6ab) derivatives were
synthesized to ensure mono functional photoreaction with DNA in order to decrease toxicity. All prepared
compounds were evaluated for antimicrobial and photochemotherapeutic activities. Compounds 2d, 3d, 5a, 10c and
11d were found to have good antimicrobial activity while only compound 1le exhibited good photosensitizing
activity. In addition, molecular docking study was applied to elucidate a molecular target for the antimicrobial
activity and gain insight into the possibl e binding mode of these compounds with the active site of the DNA gyrase.

Key words: Furobenzopyrones, Tetrahydrobenzofurobenzopyrori@snzofurobenzopyrone, Antimicrobial,
Photochemotherapeutic.

INTRODUCTION

PUVA is a type of photochemotherapy where treatnoéisiome skin diseases were achieved using psofiatear
furobenzopyronep (Fig. 1) in combination with ultraviolet light (UV-A320-400 nm) presuming that DNA is the
major site of action [1-4]. Furobenzopyrones arestdered to be photosensitizing drugs for the tneat of some
skin diseases such as vitiligo, psoriasis, cutamdgmphomas and in autoimmune diseases [5-8]. Hbitiad,
furobenzopyrones were used in some cases of kelced viral infections [9].

The biological effects produced by furobenzopyraiter radiation with UV-A were reported in terms af
photocycloaddition reaction of furobenzopyrone &NA [10-14]. The photo reactive process is beliet@thvolve
three major steps: non covalent intercalative lnigdo DNA helix [11], formation of a number of moadditional
products between the furobenzopyrone and DNA bageh long wave length UV-irradiation [13] and filyal
absorption of a second photon by some of the maldoiets to form bi-adducts resulting in inter strasrdss-
linkages [13]. Biadducts resulted from photocycliiidn between two pyrimidine bases and the twotpheactive
sites of furobenzopyrone (furan and pyrone douloleds). Skin photo toxicity and skin cancer sideee were
attributed to cross linkage biadducts [13,15-17].
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Fig. 1. Active photochemother apeutic fur obenzopyrones

Mono functional furobenzopyrones such as carbethsosalen B [18], pyridopsoralensC [19-22] and
benzofurobenzopyroneb [23], (B-D, Fig. 1) were reported to lack skin phototoxicityedto inhibition of
interstrand cross linkage [20-22]. Moreover, argjel{angular furobenzopyrong&) (Fig. 1) had lower genotoxicity
and skin erythemogenic effects than psoralens f185}. This is strictly connected with the molecutmmplex
formed with DNA, which undergoes intercalation beém base pairs of DNA but for geometric reasonsatiorm
inter strand cross-links [19,24,26].

Accordingly, new series of tricylcic (linear andgahar furobenzopyrones) and tetracyclic (tetrahlgenzo- and
benzofurobenzopyrone) derivatives were designed synthesized to ensure mono functional photoreaotith
DNA. Moreover, all prepared compounds were evath&be antimicrobial and photochemotherapeutic diitis. In
addition, molecular docking study for possible lrgdof active compounds with DNA gyrase active sitas
applied to elucidate a molecular target for thénaictobial activity.

MATERIALSAND METHODS

2.1. Chemistry

Melting points were determined by an open capiltatye method using Stuart SMP10 melting point agiparand
were uncorrected. Microanalysis was carried oulta Regional Center for Mycology and Biotechnology,
Azhar University. Infrared Spectra were recorded pasassium bromide discs on Schimadzu FT-IR 8400S
spectrophotometer (Shimadzu, Kyoto, Japan) andesspd in wave numbef.., (cm?). The'H-NMR spectra were
recorded on a Varian Mercury VX-300 NMR spectromet 300 MHz in chloroform (CDG) or
dimethylsulphoxide (DMSQ@k). Chemical Shifts are quoted i as parts per million (ppm) downfield from
tetramethylsilane (TMS) as internal standard &ndlues are reported in Hz. Mass spectra were ipaeio as El at
70eV on Hewlett Packard Varian (Varian, Polo, USf Shimadzu Gas Chromatograph Mass spectrometer-QP
1000 EX and TSQ quantum (Thermo Electron Corpomqtiastrument prepared with a triple quadrupole snas
detector (Thermo Finnigan) and an ESI source. TlaS warried out using Macherey-Nagel AlugramSil G28%¥
silica gel plates with fluorescent indicator UV284d chloroform/methanol 9.5:0.5 as the elutingesysaind the
spots were visualized at 366, 254 nm by UV Vilbeutmat 77202 (Vilber, Marne La Vallee, France).

Starting and intermediate compounds, 3,8-disultetitii-hydroxy-4-methyl-2-1-benzopyran-2-oneda-d [27],
ethyl 3-(7-hydroxy-4-methyl-2-oxo¥2-benzopyran-3-yl)propanoaté [28], ethyl 3-(7-acetyloxy-4-methyl-2-oxo-
2H-benzopyran-3-yl)propanoat®a [29] and (un)substituted phenacyl bromide derivative8] [&ere prepared
according to reported procedures.
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Scheme 1. Reagents and conditions: (i)3-Chlorobutan-2-@oetone, KCO;, reflux, 24 h,
(i) LN NaOH, isopropanol, reflux, 4h, (iii) 2-Chiacyclohexanone, acetone;®O; reflux,
24 h, (iv) 1IN NaOH, isopropanol, reflux, 4h, (v) QDbenzene, reflux, 20 h.

2.1.1. General Procedure for synthesis of 3,4,8-trisubstituted-7-(3-oxobutan-2-yloxy)-2H-1-benzopyran-2-one
(2a-d), (Scheme 1)

A solution of compoundla-d (0.01 mol) and 3-chlorobutan-2-one (1.06 g, 0.0d)nm acetone (30 ml) was
refluxed in presence of anhydrous potassium catkd2a76 g, 0.02 mol) for 24 h. The solution wédtefed and the
remaining residue was washed with acetone. The icmukfiltrates and washings were distilled undetued
pressure. The product was crystallized from ethanol

2.1.1.1. 3,4-Dimethyl-7-(3-oxobutan-2-yloxy)-2H-1-benzopyr an-2-one (2a)

Yield 59%. mp 126-127 °C. IRma/ cm’: 3084 (CH Ar), 2987, 2929 (CH aliphatic), 1697 €0), 1612, 1581,
1508 (C=C).'"H-NMR (CDCl) & ppm: 1.55 (d, 3HJ=6.6 Hz, OCHCH), 2.19 (s, 6H, 2xCHat C3,4), 2.37 (s,
3H,COCH), 4.69 (q, 1H, OCHCEJ, 6.74 (s, 1H, H-8 Ar), 6.82 (d, 1KH79.0 Hz, H-6 Ar), 7.51 (d, 1H]=9.0 Hz,

H-5 Ar). Anal. Calc. for GH1¢04(260.29): C, 69.22; H, 6.20. Found: C, 69.31; H86.

2.1.1.2. 7-(3-Oxobutan-2-yloxy)-3,4,8-trimethyl-2H-1-benzopyr an-2-one (2b)

Yield 79%. mp 121-122 °C. IRma/ cm™: 3059 (CH Ar), 2929, 2877 (CH aliphatic), 17220%7(2C=0), 1608,
1575 (C=C).'H-NMR (DMSO;) & ppm: 1.47 (d, 3HJ=6.9 Hz, OCHCH), 2.07 (s, 3H, Chlat C4), 2.19 (s, 3H,
CHs at C3), 2.24 (s, 3H, Ctat C8), 2.33 (s, 3H, COGH 5.08 (g, 1H, OCHCEJ, 6.84 (d, 1H,J=9.0 Hz, H-6 Ar),
7.53 (d, 1H,J=9.0 Hz, H-5 Ar). MS1z 275 (M+1). Anal. Calc. for GH1504(274.31): C, 70.06; H, 6.61. Found:
C,70.12; H, 6.64.

2.1.1.3. 3-Ethyl-4-methyl-7-(3-oxobutan-2-yloxy)-2H-1-benzopyran-2-one (2c)

Yield 56%. mp 84-85 °C. IRya/ cm’: 3080 (CH Ar), 2964, 2860 (CH aliphatic), 17149762C=0), 1608, 1566,
1535, 1508 (C=C)*H-NMR (DMSO-ds) 5 ppm: 1.03 (t, 3H, CCH,), 1.46 (d, 3HJ=6.9 Hz, OCHCH), 2.19 (s,
3H, CH; at C4), 2.37 (s, 3H, COG} 2.55 (g, 2H, CHCHj), 5.11 (g, 1H, OCHCH, 6.86 (s, 1H, H-8 Ar), 6.91 (d,
1H, J=8.7 Hz, H-6 Ar), 7.68 (d, 1H]=8.7 Hz, H-5 Ar). MSWz 275 (M'+1). Anal. Calc. for GH150,(274.31): C,
70.06; H, 6.61. Found: C, 70.12; H, 6.64.
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2.1.1.4. 4,8-Dimethyl-3-ethyl-7-(3-oxobutan-2-yloxy)-2H-1-benzopyran-2-one (2d)

Yield 49%. mp 86-87 °C. IRma/ cm™: 3057 (CH Ar), 2939, 2875 (CH aliphatic), 17300172C=0), 1604, 1593,
1570 (C=C).'*H-NMR (DMSO-d) & ppm: 1.03 (t, 3H, CkCHy), 1.47 (d, 3H,J=6.6 Hz, OCHCH), 2.18 (s, 3H, CHl

at C4), 2.23 (s, 3H, CHat C8), 2.34 (s, 3H, COG} 2.52 (q, 2H, ChCHy), 5.07 (g, 1H, OCHCE}, 6.83 (d, 1H,

J=9.0 Hz, H-6 Ar), 7.52 (d, 1HI=8.4 Hz, H-5 Ar). MS1/z: 289 (M'+1). Anal. Calc. for GH»,04(288.34): C, 70.81;
H, 6.99. Found: C, 70.86; H, 7.04.

2.1.2. General Procedure for synthesis of 6,9-disubstituted-2,3,5-trimethyl-7H-furo[3,2-g]benzopyran-7-one
(3a-d), (Scheme 1)

1IN NaOH (15 ml) was added to a suspension of comg2a-d (0.002 mol) in isopropanol (15 ml) and refluxed for
4h (complete dissolution of starting compound).uBoh was filtered while hot then cooled. 1NS®©, was added
till the solution became acidic. The precipitatenied was filtered, dried and crystallized from igzgmol.

2.1.2.1. 2,3,5,6-Tetramethyl-7H-fur o[ 3,2-g]benzopyran-7-one (3a)

Yield 68%. mp 146-147 °C. IBma/ cm™: 3053 (CH Ar), 2924, 2860 (CH aliphatic), 1703 (@ 1583, 1543, 1516
(C=C)."H-NMR (CDCl) & ppm: 2.20 (s, 3H, CHat C5), 2.24 (s, 3H, CHat C6), 2.40 (s, 3H, GHat C3), 2.49 (s,
3H, CH; at C2), 7.31 (s, 1H, H-9 Ar), 7.54 (s, 1H, H-4 ABnal. Calc. for GsH,405 (242.27): C, 74.36; H, 5.82.
Found: C, 74.51; H, 5.89.

2.1.2.2. 2,3,5,6,9-Pentamethyl-7H-fur o[ 3,2-g] benzopyran-7-one (3b)

Yield 54%. mp 166-167 °C. IBma/ cm™: 3010 (CH Ar), 2924, 2850 (CH aliphatic), 1701 @z 1595 (C=C)H-
NMR (CDCl) 6 ppm: 2.17 (s, 3H, Ckat C5), 2.22 (s, 3H, CGHat C6), 2.40 (s, 3H, CHat C3), 2.46 (s, 3H, GHat
C2), 2.55 (s, 3H, CHat C9), 7.36 (s, 1H, H-4 Ar). Anal. Calc. foggH1403 (256.30): C, 74.98; H, 6.29. Found: C,
75.07; H, 6.33.

2.1.2.3. 6-Ethyl-2,3,5-trimethyl-7H-fur o[ 3,2-g] benzopyr an-7-one (3c)

Yield 74%. mp 190-191°C. IR/ cm’: 3059 (CH Ar), 2958, 2866 (CH aliphatic), 1701 @s1581, 1558 (C=C).
'H-NMR (CDCL) 5 ppm: 1.18 (t, 3H, CKCHs), 2.20 (s, 3H, Chlat C5), 2.40 (s, 3H, GHat C3), 2.51 (s, 3H, Ctat
C2), 2.72 (q, 2H, CCHy), 7.30 (S, 1H, H-9 Ar), 7.54 (s, 1H, H-4 Ar). M8z 257 (M'+1). Anal. Calc. for GH60;
(256.30): C, 74.98; H, 6.29. Found: C, 75.05; 1326.

2.1.2.4. 6-Ethyl-2,3,5,9-tetramethyl-7H-fur o[ 3,2-g] benzopyr an-7-one (3d)

Yield 60%. mp 187-188 °C. IRyad cm™:3050 (CH Ar), 2960, 2868 (CH aliphatic), 1691 (Q=0593 (C=C)!H-

NMR (CDCl) 6 ppm: 1.17 (t, 3H, CbCHs), 2.19 (s, 3H, Cklat C5), 2.43 (s, 3H, GHat C3), 2.48 (s, 3H, GHat
C2), 2.56 (s, 3H, CHat C9), 2.73 (q, 2H, C}€H;), 7.40 (s, 1H, H-4 Ar). M3z 271 (M'+1). Anal. Calc. for
C17H1503(270.32): C, 75.53; H, 6.71. Found: C, 75.58; H/6.

2.1.3. General Procedure for synthesis of 3-ethyl-4-methyl-7-(2-oxocyclohexyloxy)-8-(un)substituted-2H-1-
benzopyran-2-one (4a,b), (Scheme 1)

A solution of compounda-d (0.01 mol) and 2-chlorocyclohexanone (1.32 g, (i) in acetone (30 ml) was
refluxed in presence of anhydrous potassium catbd2a76 g, 0.02 mol) for 24 h. The solution wédtefed and the
remaining residue was washed with acetone. The imulfiltrates and washings were distilled undeduced
pressure. The product was crystallized from ethanol

2.1.3.1. 3-Ethyl-4-methyl-7-(2-oxocyclohexyloxy)-2H-1-benzopyr an-2-one (4a)

Yield 68%. mp 179-180 °C. IRma/ cm: 3064 (CH Ar), 2949, 2870 (CH aliphatic), 17180%7(2C=0), 1618,
1566, 1510 (C=C)'H-NMR (CDCk) & ppm: 1.14 (t, 3H, CkCHs), 1.81-1.83 (m, 4H, Ckcyclohexanone), 2.01-
2.08 (m, 2H, CHcyclohexanone), 2.37 (s, 3H, ght C4), 2.59-2.70 (m, 4H, GBHs, CH, cyclohexanone), 4.72
(t, 1H, CH cyclohexanone), 6.68 (s, 1H, H-8 Arg4(d, 1H,J=8.7 Hz, H-6 Ar), 7.49 (d, 1H]=8.7 Hz, H-5 Ar).
MS mvz 301 (M'+1). Anal. Calc. for gH,,0, (300.35): C, 71.98; H, 6.71. Found: C, 72.07; H46

2.1.3.2. 4,8-Dimethyl-3-ethyl-7-(2-oxocyclohexyloxy)-2H-1-benzopyr an-2-one (4b)

Yield 72%. mp 139-140 °C. IRna/ cm™: 3055 (CH Ar), 2943, 2872 (CH aliphatic), 1726816(2C=0), 1598,
1577, 1538 (C=C)!H-NMR (CDCl) & ppm: 1.13 (t, 3H, CBkCHjs), 1.75-1.86 (m, 4H, Ckyclohexanone), 2.00-
2.20 (m, 2H, CHcyclohexanone), 2.33 (s, 3H, gldt C4), 2.37 (s, 3H, CHat C8), 2.60-2.70 (m, 4H,_GBH,,
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CH, cyclohexanone), 4.71 (t, 1H, CH cyclohexanone)2 g 1H,J=9.0 Hz, H-6 Ar), 7.32 (d, 1H]=9.0 Hz, H-5
Ar). MS m/z. 315 (M'+1). Anal. Calc. for GH»0, (314.38): C, 72.59; H, 7.05. Found: C, 72.67; H27

214. General procedure for synthesis of 3-ethyl-4-methyl-11-(un)substituted-6,7,8,9-tetrahydro-2H-
benzofur o[ 3,2-g]benzopyran-2-one (5a,b), (Scheme 1)

1IN NaOH (15 ml) was added to a suspension of comgda,b (0.002 mol) in isopropanol (15 ml) and refluxed for
4h (complete dissolution of starting compound).uBoh was filtered while hot then cooled. 1NS®O, was added
till the solution became acidic. The precipitatenfied was filtered, dried and crystallized from igagnol.

2.1.4.1. 3-Ethyl-4-methyl-6,7,8,9-tetr ahydr o-2H-benzofur o[ 3,2-g] benzopyr an-2-one (5a)

Yield 45%. mp 183-184 °C. IRna/ cmi': 3057 (CH Ar), 2935, 2872 (CH aliphatic), 1701 @z 1579 (C=C)’H-

NMR (CDCL) & ppm: 1.20 (t, 3H, CKCH), 1.86-1.99 (m, 4H, tetrahydrobenzo H), 2.47 (4, @H; at C4), 2.64-
2.78 (m, 6H, CHCH;, tetrahydrobenzo H), 7.34 (s, 1H, H-11 Ar), 7.551H, H-5 Ar). MSwWz 282 (M'+1). Anal.

Calc. for GgH1503 (282.33): C, 76.57; H, 6.43. Found: C, 76.57; H436

2.1.4.2. 4,11-Dimethyl-3-ethyl-6,7,8,9-tetr ahydr o-2H-benzof ur o[ 3,2-g]benzopyr an-2-one (5b)

Yield 50%. mp 192-193 °C. IBma/ cm™: 3040 (CH Ar), 2933, 2868 (CH aliphatic), 1693 @z 1593 (C=C)H-
NMR (CDCL;) 6 ppm: 1.18 (t, 3H, CKCHs), 1.88-1.99 (m, 4H, tetrahydrobenzo H), 2.49 i, GH; at C4), 2.58 (s,
3H, CH; at C11), 2.63-2.80 (m, 6H, GBH, tetrahydrobenzo H), 7.42 (s, 1H, H-5 Ar). Mz 297 (M+1). Anal.
Calc. for GgH,,05(296.36): C, 77.00; H, 6.80. Found: C, 77.12; 1836.

2.1.5. General procedurefor synthesis of 3-ethyl-4-methyl-11-(un)substituted-2H-benzofur o[ 3,2-g]benzopyr an-
2-one (6a,b), (Scheme 1)

2,3-Dichloro-5,6-dicyano-1,4-benzoquinone (DDQY(Q) was added to a solution of compoagh (0.003 mol) in
benzene (30 ml) and refluxed for 20 h. The mixtues filtered while hot and benzene was concentrdtiee residue
was crystallized from ethanol.

2.1.5.1. 3-Ethyl-4-methyl-2H-benzofur o[ 3,2-g] benzopyr an-2-one (6a)

Yield 90%. mp 158-159 °C. IRy cm’: 3057 (CH Ar), 2926, 2872 (CH aliphatic), 1693 @s 1606, 1575
(C=C).*H-NMR (CDCl;) & ppm: 1.23 (t, 3H, CkCHs), 2.57 (s, 3H, CHlat C4), 2.75 (q, 2H, C}€Hs), 7.42 (t, 1H,

H-7 Ar), 7.50 (t, 2H, H-8,11 Ar), 7.59 (d, 1859.0 Hz, H-9 Ar), 7.98 (d, 1H]=9.6 Hz, H-6 Ar), 8.14 (s, 1H, H-5
Ar). Anal. Calc. for GgH1403(278.30): C, 77.68; H, 5.07. Found: C, 77.86; 1945.

2.1.5.1. 4,11-Dimethyl-3-ethyl-2H-benzofur o[ 3,2-g] benzopyr an-2-one (6b)

Yield 82%. mp 169-170 °C. IR/ cni’: 2924, 2852 (CH aliphatic), 1695 (C=0), 1583, 15808 (C=C)H-NMR
(CDClg) 6 ppm: 1.21 (t, 3H, CKCHy), 2.57 (s, 3H, CElat C4), 2.68 (s, 3H, GHat C11), 2.77 (g, 2H, GigHs), 7.41 (1,
1H, H-7 Ar), 7.49 (t, 1H, H-8 Ar), 7.61 (d, 1857.8 Hz, H-9 Ar), 7.98 (d, 1HI=7.50, H-6 Ar), 8.01 (s, 1H, H-5 Ar).
Anal. Calc. for GgH;605(292.33): C, 78.06; H, 5.52. Found: C, 78.23; H85.

2.1.6. Ethyl 3-(7-benzoyloxy-4-methyl -2-oxo-2H-1-benzopyran-3-yl)propanoate (8b), (Scheme 2)

A mixture of compound (5.52 g, 0.02 mol) and benzoyl chloride (4.2B&, ml, 0.03 mol) was refluxed in an oil
bath at 165 °C for 2 h. Reaction mixture was powatb crushed ice with stirring. The separated pcodvas
filtered, washed with sodium bicarbonate solutithren with water and dried. The crude product wastallized
from ethanol. Yield 86%. mp 82-83 °C. 1R/ cm’: 3043 (CH Ar), 2954, 2924 (CH aliphatic), 1732p143C=0),
1571, 1527 (C=C)'H-NMR (CDCk) 5 ppm: 1.25 (t, 3H, OCKCH,), 2.51 (s, 3H, CHlat C4), 2.63 (t, 2H, COGIEH,),
3.01 (t, 2H, COCHKCH,), 4.14 (q, 2H, OCKCH;), 7.20 (d, 1HJ=8.4 Hz, H-6 Ar), 7.51-7.56 (m, 4H, H-8 Ar, H;&, 5
Ar), 7.68 (d, 1HJ=7.5 Hz, H-5 Ar), 8.21 (d, 2H]=9.6 Hz, H-2, 6 Ar). Anal. Calc. for G,H,,Os (380.39): C, 69.46; H,
5.30. Found: C, 69.53; H, 5.36.
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11a R=CHj3;, R;=H 10a R=CH3, R;=H
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Scheme 2. Reagents and conditions: (i) Acetic anhydrid#8ure 2h, (ii) benzoyl chloride, 165 °C, 2h,
(iif) anhydrous AICE, 165 °C, 2h, (iv) appropriate phenacyl bromide, aceton&€®, reflux, 24h, (v)
1N NaOH, isopropanol, 10h.

2.1.7. General Procedure for synthesis of ethyl 3-(8-acyl-7-hydroxy-4-methyl-2-oxo-2H-1-benzopyran-3-
yl)propanoate (9a,b), (Scheme 2)

Finely powdered compoungg,b (0.046 mol) was thoroughly mixed with anhydrousnaithum chloride (20.2 g,
0.152 mol) and heated to 165 °C (in an oil batm)Zd. The melt was cooled, 10% HCI (50 ml) waseatdnd
refluxed for 30 min. The separated solid was fterwashed with cold water then dissolved in 5% Nafitered
and acidified with 10% HCI. The precipitate formads filtered, dried and crystallized from ethanol.

2.1.7.1. Ethyl 3-(8-acetyl-7-hydroxy-4-methyl-2-oxo-2H-1-benzopyr an-3-yl)propanoate (9a)

Yield 52%. mp 135-136 °C. IRy cmi™: 3460 (OH), 2929 (CH aliphatic), 1714, 1700 (3C=H91 (C=C)*H-NMR
(CDClg) 6 ppm: 1.25 (t, 3H, OCKCHy), 2.51 (s, 3H, CHlat C4), 2.69 (t, 2H, COGIEH,), 2.95 (s, 3H, COC¥), 3.07 (t,
2H, COCHCH,), 3.64 (q, 2H, OCKCH3), 6.93 (d, 1HJ=8.7 Hz, H-6 Ar), 7.71 (d, 1HI=7.8 Hz, H-5 Ar), 13.48 (s, 1H,
OH exch. DO). Anal. Calc. for ¢H,¢05(318.32): C, 64.14; H, 5.70. Found: C, 64.19; H35.

2.1.7.2. Ethyl 3-(8-benzoyl-7-hydr oxy-4-methyl-2-oxo-2H-1-benzopyr an-3-yl)pr opanoate (9b)

Yield 44%. mp 79-80 °C. IR»/ cmi™: 3412 (OH), 3080 (CH Ar), 2933, 2875 (CH aliphiti705 (3C=0), 1604 (C=C).
'H-NMR (CDCk) & ppm: 1.26 (t, 3H, OCKCHs), 2.41 (s, 3H, Chat C4), 2.66 (t, 2H, COGIEH,), 3.05 (t, 2H,
COCH,CHjy), 4.12 (q, 2H, OCKCH), 6.77 (d, 1HJ=7.8 Hz, H-6 Ar), 7.35-7.92 (m, 4H, H-5 Ar, H;&, 5 Ar), 8.10 (d,
2H, J=8.7 Hz, H-2 6Ar), 13.20 (s, 1H, OH exch.0). Anal. Calc. for GH»¢0s(380.39): C, 69.46; H, 5.30. Found: C,
69.62; H, 5.31.

2.1.8. General Procedure for synthesis of ethyl 3-(8-acyl-4-methyl-2-oxo-7-(un)substituted phenacyloxy-2H-1-
benzopyran-3-yl)propanoate (10a-h), (Scheme 2)

A solution of compoun®a,b (0.01 mol) and appropriate phenacyl bromide déxiea(0.015 mol) in acetone (30
ml) was refluxed in presence of anhydrous potasstambonate (2.76 g, 0.02 mol) for 24 h. The sotutizas
filtered and the remaining residue was washed witbtone. The combined filtrates and washings wistdlell
under reduced pressure. The product was crystalfioen ethanol.
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2.1.8.1. Ethyl 3-(8-acetyl-4-methyl-2-oxo-7-phenacyl oxy-2H-1-benzopyran-3-yl)pr opanoate (10a)

Yield 86%. mp 105-106 °C. IRna/ cm™: 3062 (CH Ar), 2933 (CH aliphatic), 1743, 1705 &@), 1598, 1579,
1562, 1554, 1508 (C=CjH-NMR (CDClL) 5 ppm: 1.24 (t, 3H, OCKCH), 2.45 (s, 3H, Chlat C4), 2.61 (s, 3H,
COCH), 2.78-3.12 (m, 4H, COCi€H,), 3.72 (g, 2H, OCKCHj), 5.35 (s, 2H, OCKCO), 6.96 (d, 1HJ=10.8 Hz,
H-6 Ar), 7.43-7.74 (m, 3H, H:34, 5Ar), 7.91 (d, 1HJ= 11.2 Hz, H-5 Ar), 8.06 (d, 2H=6.9 Hz, H-2, 6 Ar). MS
m/'z 436 (M). Anal. Calc. for GsH,,0; (436.45): C, 68.80; H, 5.54. Found: C, 68.93; 15,75.

2.1.8.2. Ethyl 3{8-acatyl-4-methyl-7- (4rmethyIthaQ/Ioxy)—20x02|—|-1—benzopyran—?ryl]pr0panoﬁe(10b)

Yield 62%. mp 110-111 °C. IR,/ cm™: 3030 (CH Ar), 2926, 2872 (CH aliphatic), 1743037(4C=0), 1606,
1568, 1550 (C=C)*H-NMR (CDClk) & ppm: 1.27 (t, 3H, OCKCHs), 2.57 (s, 3H, Chlat C4), 2.62 (s, 3H, CHat
C4), 2.86 (t, 2H, COCKCH;,), 2.93 (s, 3H, COCH, 3.09 (t, 2H, COCKCH,), 3.72 (g, 2H, OChLCH3), 5.32 (s,
2H, OCHCO), 6.93 (d, 1HJ= 8.1 Hz, H-6 Ar), 7.34 (d, 2H]= 8.1 Hz, H-3 5 Ar), 7.79 (d, 2HJ= 8.4 Hz, H-2
6'Ar), 7.98 (d, 1HJ= 8.1 Hz, H-5 Ar). Anal. Calc. for £gH»¢0; (450.48): C, 69.32; H, 5.82. Found: C, 69.47; H,
5.84.

2.1.8.3. Ethyl 3-[8-acetyl-7-(4-methoxyphenacyl oxy)-4-methyl-2-oxo-2H-1-benzopyr an-3-yl] pr opanoate (10c)

Yield 94%. mp 144-145 °C. IRya/ cmi™: 2933, 2839 (CH aliphatic), 1712, 1703 (4C=0), 60571, 1554, 1510
(C=C)."H-NMR (CDCl) & ppm: 1.25 (t, 3H, OCKCHs), 2.56 (s, 3H, Chlat C4), 2.66 (t, 2H, COCIEH,), 2.93 (s,
3H, COCH), 3.01 (t, 2H, COCKCH,), 3.90 (s, 3H, OCH), 4.14 (g, 2H, OChKCH), 5.30 (s, 2H, OCKCO), 6.96
(d, 1H,J= 9.0 Hz, H-6 Ar), 7.03 (d, 2H= 9.0 Hz, H-3, 5 Ar), 7.70 (d, 1H,J= 9.0 Hz, H-5 Ar), 8.11 (d, 2HI= 9.0
Hz, H-2, 6 Ar). Anal. Calc. for GgH,¢05(466.48): C, 66.94; H, 5.62. Found: C, 67.11; 1635.

2.1.8.4. Ethyl 3-[8—acety|-7-(4bromophenacyloxy)-4rmethyl-2-ox0-2H-1-benzopyran-3-yl]propanoate(10d)

Yield 58%. mp 93-94 °C. IR/ cmi™; 2929 (CH aliphatic), 1715, 1705 (4C=0), 1585 (§=E-NMR (CDCL) &
ppm: 1.25 (t, 3H, OCKCHs), 2.45 (s, 3H, Cklat C4), 2.87 (t, 2H, COCIEH,), 2.99 (s, 3H, COC}), 3.05 (t, 2H,
COCH,CH,), 3.75 (g, 2H, OCKCHs), 5.29 (s, 2H, OCKCO), 6.93 (d, 1HJ= 9.3 Hz, H-6 Ar), 7.63 (d, 2H]= 8.7
Hz, H-3, 5 Ar), 7.75 (d, 2HJ= 8.7 Hz, H-2 6 Ar), 8.01 (d, 1HJ=9.0 Hz, H-5 Ar). Anal. Calc. for £H,3BrO;
(515.35): C, 58.26; H, 4.50. Found: 58.52; H, 4.56.

2.1.8.5. Ethyl 3[8»bmzoy|-4methyl-20x07—phenawloxy—2l—l-1-bmzopyran-3yl]propanoate(10e)

Yield 36%. mp 88-90 °C. IR/ cmi: 3064 (CH Ar), 2929 (CH aliphatic), 1705 (4C=006, 1579, 1550, 1508
(C=C).'H-NMR (CDCL;) & ppm: 1.26 (t, 3H, OCFCH), 2.45 (s, 3H, Ch), 2.81 (t, 2H, COCKCH,), 3.04 (t, 2H,
COCH,CH,), 3.74 (g, 2H, OCKECHy), 5.34 (s, 2H, OCKCO), 6.95 (d, 1HJ=8.7 Hz, H-6 Ar), 7.30-7.68 (m, 7H, H-
5, 3,45,3',4" 5'Ar), 7.78 (d, 2H,J=9.0 Hz, H-2, 6'Ar), 7.99 (d, 2H,J=8.4 Hz, H-2, 6Ar). Anal. Calc. for
CaoH2607 (498.52): C, 72.28; H, 5.26. Found: C, 72.37; 1305

2.1.8.6. Ethyl 3-[8-benzoyl-4-methyl-7-(4-methylphenacyloxy)-2-oxo-2H-1-benzopyran-3-yl] pr opanoate (10f)

Yield 34%. mp 115-116 °C. IRya/ cm™; 2929 (CH aliphatic), 1715, 1703 (4C=0), 1606 (§=E-NMR (CDCl)

& ppm: 1.25 (t, 3H, OCHCHy), 2.45 (s, 3H, Cklat C4), 2.47 (s, 3H, GHat C4), 3.04 (t, 2H, COCECH,), 3.64 (t,

2H, COCHCH,), 3.73 (q, 2H, OCKCHj), 5.31 (s, 2H, OCKCO), 6.91 (d, 1HJ=9.6 Hz, H-6 Ar), 7.28-7.91 (m,
10H, Ar H). Anal. Calc. for giH,40,(512.55): C, 72.64; H, 5.51. Found: C, 72.76; I334.

2.1.8.7. Ethyl 3-[8-benzoyl-7-(4-methoxyphenacyloxy)-4-methyl-2-oxo-2H-1-benzopyr an-3-yl] pr opanoate (10g)

Yield 35%. mp 174-176 °C. IRyad cm™: 2927 (CH aliphatic), 1714, 1705 (4C=0), 1602 (§=E-NMR (CDCl)

& ppm: 1.25 (t, 3H, OCKCH3), 2.49 (s, 3H, Ch), 3.09 (t, 2H, COCKCH,), 3.59 (t, 2H, COCKCHjy), 3.73 (g, 2H,
OCH,CHg), 3.88 (s, 3H, OCH), 5.28 (s, 2H, OCKCO), 6.89-7.04 (m, 3H, H-6,,35 Ar), 7.45-7.97 (m, 8H, H- 5,
2,6 and 2,3",4",5", 6" Ar). MS mVz: 528 (M"). Anal. Calc. for GH,¢0g (528.55): C, 70.44; H, 5.34. Found: C,
70.62; H, 5.41.

2.1.8.8. Ethyl 3-[8-benzoyl-7-(4-br omophenacyloxy)-4-methyl-2-oxo-2H- 1-benzopyr an-3-yl] propanoate (10h)

Yield 32%. mp 97-99 °C. IR/ cm’: 3084 (CH Ar), 2953, 2933 (CH aliphatic), 1697 &), 1606, 1585, 1543
(C=C),'H-NMR (CDCL;) & ppm: 1.25 (t, 3H, OCKCHs), 2.49 (s, 3H, Ch), 3.06 (t, 2H, COCKCH,), 3.62 (t, 2H,
COCH,CHj), 3.73 (g, 2H, OCKCHg), 5.29 (s, 2H, OCKCO), 6.60-7.99 (m, 11H, Ar H). MBVz 577 (M"). Anal.
Calc. for GoH2sBrO, (577.42): C, 62.40; H, 4.36. Found: C, 62.51; 534.
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2.1.9. General Procedure for synthesis of ethyl 3-(7-methyl-5-oxo-3-substituted-2-(un)substituted benzoyl-5H-
furo[2,3-h]benzopyran-6-yl)propanoate (11a-h), (Scheme 2)

1IN NaOH (10 ml) was added to a solution of compol®ath (0.001 mol) in isopropanol (10 ml) and refluxed for
10h. Solution was poured onto 1N HCI (50 ml). Thregipitate formed was filtered, dried and crystad from
ethanol.

2.1.9.1. Ethyi 3(2—benzoy|-3,7—dimethyl-50x05H-fur0[2,?rh]bmzopyran—&yl)propanoate(].’la)

Yield 25%. mp 118-120 °C. IRpad cm™ 3070 (CH Ar), 2915 (CH aliphatic), 1709, 1689 €30), 1605, 1570
(C=C)."H-NMR (CDCl;) 6 ppm: 1.25 (t, 3H OCHKCH3), 2.56 (s, 3H, Chlat C7), 2.66 (t, 2H, COCi€H,), 2.94 (s,
3H, CH; at C3), 3.04 (t, 2H, COC}€H,), 4.14 (q, 2H, OCKCHjz), 7.36-8.10 (m, 7H, Ar H). M&Vz 419 (M'+1).
Anal. Calc. for GsH»,06(418.44): C, 71.76; H, 5.30. Found: C, 71.89; 345.

2.1.9.2. Ethyl 3-[3,7-dimethyl-2-(4-methylbenzoyl)-5-oxo-5H-fur o[ 2,3-h] benzopyr an-6-yl] pr opanoate (11b)

Yield 22%. mp 215-216 °C. IBma/ cmi: 2924 (CH aliphatic), 1714, 1691 (3C=0), 1606, A%6=C).'"H-NMR
(CDCls) 6 ppm: 1.25 (t, 3H, OCKCH;), 2.43 (s, 3H, CHlat C7), 2.47 (s, 3H, GHat C3), 2.73 (t, 2H, COCIEH,),
2.92 (s, 3H, CHat C4), 3.74 (t, 2H, COCKCHy), 4.10 (g, 2H, OCHCHs ), 7.34 (d, 2HJ= 8.7 Hz, H-3 5 Ar),
7.43 (d, 1HJ=9.0 Hz, H-9 Ar), 7.71 (d, 1HI= 9.0 Hz, H-8 Ar), 7.97 (d, 2HI= 7.8 Hz, H- 2, 6 Ar). Anal. Calc.
for CoeH»406 (432.47): C, 72.21; H, 5.59. Found: C, 72.36; 1635.

2.1.9.3. Ethyl 3-[3,7-dimethyl-2-(4-methoxybenzoyl)-5-0oxo-5H-fur o[ 2,3-h] benzopyr an-6-yl] propanoate (11c)

Yield 24%. mp 113-114 °C. |Rm./ cm™: 3046 (CH Ar), 2978, 2932 (CH aliphatic), 1682 1), 1610, 1556
(C=C),’H-NMR (CDClk) & ppm: 0.93 (t, 3H, OCKCH), 2.57 (s, 3H, CHat C7), 2.93 (s, 3H, CHat C3), 3.06 (t,
2H, COCHCH,), 3.88 (t, 2H, COCKCH,), 3.92 (s, 3H, OC}), 4.10 (g, 2H, OCKCH;), 7.03 (d, 2H,J= 9.0 Hz, H-
3,5 Ar), 7.47 (d, 1HJ= 9.0 Hz, H-9 Ar), 7.70 (d, 1HJ= 9.0 Hz, H-8 Ar), 8.11 (d, 2H]= 8.7 Hz, H-2, 6 Ar).
Anal. Calc. for GgH,40;(448.46): C, 69.63; H, 5.39. Found: C, 69.81; H455.

2.1.9.4. Ethyl 3-[2—(4rbromobenzoyl)-3,7-dimethyI-EroxoSH -furo[2,3-h]benzopyran-6-yl]propanocate (11d)

Yield 23%. mp 102-105 °C. IRna/ cm™: 3066 (CH Ar), 2931 (CH aliphatic), 1700, 1681 (1), 1612, 1587,
1571 (C=C).*H-NMR (CDCL) & ppm: 1. 25 (t, 3H, OCKCHy), 2.43 (s, 3H, Chlat C7), 2.90 (t, 2H, COCi€H,),
2.97 (s, 3H, CHlat C3), 4.13 (t, 2H, COCiEH,), 4.20 (g, 2H, OCBKCH3), 7.37-7.96 (m, 6H, Ar H). Anal. Calc. for
C,sH,1BrOg (497.33): C, 60.38; H, 4.26. Found: C, 60.43; 304.

2.1.9.5. Ethyl 3[2—benzwl-7—methy|-?rphmyl-5<»<05l-| -furg[2.3-h]benzopyran-6yl]propancete (11€)

Yield 25%. mp 99-101 °C. IRma/ cm™: 3090 (CH Ar), 2960, 2933 (CH aliphatic), 1701 €0), 1610, 1566
(C=C).'H-NMR (CDCL;) & ppm: 1.24 (t, 3H, OCKCH), 2.55 (s, 3H, Ch), 2.96 (t, 2H, COCKCH,), 3.72 (t, 2H,
COCH,CH,), 4.12 (q, 2H, OCKCHj3), 7.26-8.11 (m, 12H, Ar H). Anal. Calc. fordE,,06 (480.51): C, 74.99; H,
5.03. Found: C, 75.13; H, 5.09.

2.1.9.6. Ethyl 3-[7-methyl-2-(4-methylbenzoyl)-3-phenyl-5-oxo-5H-fur 0 2,3-h] benzopyran-6-yl] pr opanoat e (11f)
Yield 24%. mp 90-93 °C. IR/ cm’: 3045 (CH Ar), 2971, 2925 (CH aliphatic), 1696 £%0), 1601, 1575 (C=C).
'H-NMR (CDCl) & ppm: 1.26 (t, 3H, OCKCHs), 2.44 (s, 6H, 2xCh), 3.00 (t, 2H, COCHCH,), 3.60 (m, 2H,
COCH,CH,), 4.10 (g, 2H, OCKCHjs), 7.46-8.00 (m, 11H, Ar H). Anal. Calc. forzff1,60s (494.53): C, 75.29; H,
5.30. Found: C, 75.42; H, 5.28.

2.1.9.7. Ethyi 3[2—(4methoxybe120yl)-7—meihyl-3pheny|-50x05H-fur0[2,?rh] benzopyran-6-yl]propanceate (11g)

Yield 28%. mp 129-132 °C. IRya/ cm™: 3066 (CH Ar), 2920, 2866 (CH aliphatic), 1705 £&1), 1610, 1580 (C=C).
'H-NMR (CDCl) & ppm: 1.24 (t, 3H, OC}CHs), 2.11 (s, 3H, CH), 2.45 (t, 2H, COCKCH,), 3.00 (t, 2H, COCKCH,),

3.88 (s, 3H, OCH), 4.10 (g, 2H, OCKCH3), 6.90-7.70 (m, 11H, Ar H). M8Vz 511 (M'+1). Anal. Calc. for GH,O;
(510.53): C, 72.93; H, 5.13. Found: C, 73.07; H75.

2.1.9.8. Ethyl 3[2-(4-bromabenzoyl)-7-methyl-3-phenyl-5-oxo-5H-fur g 2,3-h]benzopyr an-6-yl]pr opancate (11h)

Yield 30%. mp 107-109 °C. IRma/ cm™: 3100 (CH Ar), 2927, 2856 (CH aliphatic), 1705816(3C=0), 1606,
1587 (C=C).*H-NMR (CDCl;) & ppm: 1.26 (t, 3H, OCKCH,), 2.62 (s, 3H, Chlat C7), 2.95 (t, 2H, COCIEH,),
4.14 (t, 2H, COCKCHjy), 4.32 (q, 2H, OCKCHj), 7.36-8.09 (m, 11H, Ar H). M&/z 559 (M"). Anal. Calc. for
Cs0H23BrOg (559.40): C, 64.41; H, 4.14. Found: C, 64.54; 164
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2.2. Antimicrobial and photosensitizing activity:

All newly synthesized compounds were screened ffibimécrobial and photosensitizing activity by apiply the
paper disc diffusion method [31] compared with katbxin, as a reference compound. The tested sgansed
wasBacillus subtilis.

First, high concentration of the substances weesg digr picking out the active compounds, even kg active,
from the inactive ones. Then, only active compounvdse tested to assign the effect of concentradiwoh time of
exposure to UV-A on their photosensitizing activifihe results were compared with xanthotoxin asfarence
compound.

Pre-experimental preparations;
a) Nutrient agar medium: 0.3% of the beef extr@di% of peptone, 0.1% of dipotassium hydrogen phatspand
1.5% agar.

b) Broth culture of the organismBacillus subtilis, was prepared through incubation of slant agadesgevith the
organism overnight.

c) Paper disc: Whatman no. 1 filter paper discsnif) were sterilized and impregnated with different
concentrations of the tested compounds dissolvelihiethylformamide (DMF), and allowed to dry oveyhni. Two
concentrations were prepared for each of the tesieghounds.

Experimental

In the sterile petri dishes, the prepared brothucel(0.02 ml) was added carefully. Then, 10 mthe# liquefied
nutrient agar medium was added, allowed to be mixeiformly and solidified. The impregnated discsmén
diameter, were placed uniformly on the solidifieghelayer. Each plate contained disc impregnated @MF, to
neglect the effect of solvent, and another disa@gpated with xanthotoxin as a reference compound.

The plates were divided into two groups, one at pee, was incubated in the dark at 37 °C for Beffiore
irradiation to allow the diffusion of the testedngpounds through the agar layer, and the duplidatepwere left in
the incubator overnight as a control to determivgeantimicrobial activity.

The covers were removed from the plates of the dirsup (tested petri dishes) and the dishes wgresed to U.V.
lamp (365 nm) for 20 min. After irradiation, theafds were reincubated in the dark at 37 °C ovetnighe
inhibition zones around each disc were measuretipih control and test, which was indicative fotiraicrobial
and photosensitizing activity of the tested compisurespectively. Results were recorded in Table 1.

Effect of increasing time of UV-A radiation and concentration on photosensitizing activity for active
compounds

The experiment was repeated using the selectesteacbmpounds to study the effect of radiation tiared
concentration on the photosensitizing activity.

Two groups of discs were prepared. One group afsdigas impregnated with 0.01 ml (each disc conthihd mg
of the tested compounds) and the other group wpeegmated with 0.02 ml (each disc contained 1 mihetested
compounds). Results were recorded in Table 2.

2.3. Molecular Docking

Docking studies of active antimicrobial compound=revperformed by Molecular Operating Environmeritveare
(MOE version 2008.10.2) [32]. 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 molA™ with MMFF94 force field and the partial chargesraveutomatically
calculated. The score function, dock function (8akmol) developed by MOE program was used foreatédn of
the binding affinity of the ligand.

Preparation of thetarget DNA gyrase
The X-ray crystal structure of the enzyme with kmmazone ligand, clorobiocin (PDB code 1KZN) [33] sva
obtained from the protein data bank in PDB formdtee enzyme was prepared for docking. (i) 3D pratiom for
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the amino acid side chain and clorobiocin. (ii)ldsion of the active site, fixation to be dealt hwis rigid structure
and recognition of amino acids. (iii) Creation afnemies around active site. (iv) Studying the intéoms of the
ligand (clorobiocin) with the amino acids of thdiee site.

Preparation of compoundsfor docking

The 3D structures of the active compounds werd bsihg MOE and subjected to the following proced(i) 3D
protonation of the structures. (ii) Running confatimnal analysis using systemic search. (iii) Séigcthe least
energetic conformer. (iv) Applying the same dockimgtocol used with clorobiocin.

Docking running

Prior to docking of active compounds, redockingtied native ligand bound in the DNA gyrase active svas
performed to validate the docking protocol. Theeagated most stable conformer of each compound asNy
docked into the predefined active site of gyradee developed docked models were energetically nimeighand
then used to predict the interaction of the ligarith the amino acids in the active site of the eneyTable 3 and
Fig. 2-5.

RESULTSAND DISCUSSION

3.1. Chemistry
The synthesis of the desired furobenzopyronesatigtirobenzo- and benzofurobenzopyrones was caoreas
illustrated in Schemes 1,2 .

Starting compounds3,8-disubstituted-7-hydroxy-4-methyHzl-benzopyran-2-onea-d [27] were prepared following
reported procedure.

Refluxing 7-hydroxybenzopyroneda-d with appropriate o-haloketone in dry acetone containing anhydrous
potassium carbonate yielded ether derivati2aesl and4ab (Scheme 1). Negative ferric chloride test confirmed
complete reaction. The proposed structures weréroted by spectral and analytical data. The IR speevealed
absence of band corresponding to phenolic BBHNMR spectra of compounda-d showed appearance of doublet,
singlet and quartet signals &t= 1.46-1.55, 2.33-2.37 and 4.69-5.11 ppm assigoe@®CHCH, COCH; and
OCHCH;, respectively of the formed 3-oxobutan-2-yloxy etgi 'H-NMR spectra of compoundéa,b showed
appearance of three multiplet and one triplet $gy@&d = 1.75-1.86, 2.00-2.20, 2.59-2.70 and 4.71-4.peh p
assigned to cyclohexanone protons.

Cyclization of ether derivative@a-d to the correspondinduro[3,2-g]benzopyran-7-oneSa-d or 4a,b to the
correspondingetrahydrobenzofurobenzopyroriegh were achieved through reflux of isopropanol sasjn of ether
derivative with sodium hydroxide followed by subseqt acidification(Scheme 1), [34,35]. The structures of the
synthesized compounds were confirmed by spectchaaalytical dataH-NMR spectra revealed disappearance of
two doublet signals of the H-6 and H-5 aromatictpns at 6.62-6.91 and 7.32-7.68 ppm, respectivabtead,
appearance of one singlet signal corresponding-4ditdicompound8a-d or H-5 in compoundSab at 7.36-7.54 or
7.42-7.55 ppm, respectively confirmed cyclization.

Refluxing the tetrahydrobenzo- compouBédd with DDQ in dry benzene [36] provided dehydrogemato the corresponding
benzofurobenzopyronéa,b (Scheme 1). The structures of the synthesized cangmowere deduced from spectral and
analytical data'H-NMR spectra revealed disappearance of two mettigignals at 1.86-1.99 and 2.63-2.80 ppm
corresponding to tetrahydrobebzo- protons. Instapgearance of two triplet and two doublet sigral$.41-7.42,
7.49-7.50, 7.59-7.61 and 7.98 ppm, respectivelyesponding to H-7, H-8, H-9, H-6 aromatic protamspectively,
confirmed dehydrogenation.

Ethyl 3-(7-hydroxy-4-methyl-2-oxo+2-benzopyran-3-yl)propanoaté[28] and phenacyl bromide derivatives [30]
were prepared as reported in literature.

Acylation of 7-hydroxy compound with acid anhydride [29] or acid chloride [29,37glged compound8a [29]
and 8b, respectively (Scheme 2). Fries rearrangementstefre8a,b provided both 6-acyl and 8-acyl derivatives.
However, the majority of rearrangements take ptagbe 8-position as it was stabilized by the pgroimg [38,39]
and the 8-acyl derivative8a,b were the achieved compounds (Scheme 2). Positivie fehloride test indicated
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presence of phenolic OH group. Moreover, the IRcBperevealed presence of band at 3460-3412' cm
corresponding to phenolic OH grodpl-NMR spectra oBa,b showed presence of doublet signal at 6.77-6.93 ppm
assigned to H-6 aromatic proton in addition to Ehgignal at 13.20-13.48 ppm exchanged witd Rorresponding

to OH confirmed rearrangement to 8- position.

Reaction of 8-acyl-7-hydroxy compound®s,b with appropriate phenacyl bromide derivative in sgrece of
anhydrous potassium carbonate resulted in ethevatiges 10a-h (Scheme 2). The new ether derivatives gave
negative ferric chloride test and the proposedcsires were confirmed by spectral and analyticéh.d&l-NMR
revealed presence of singlet signaldat 5.28-5.35 ppm assigned to OSHD protons in addition to increased
number of aromatic protons confirmed etherification

Cycliztion of ether derivative$0a-h applied in alkaline medium using sodium hydroxidédived by subsequent
acidification yielded angular furobenzopyrorids-h (Scheme 2). The structures of the synthesized camgsowere
confirmed by spectral and analytical ddtd-NMR spectra revealed the disappearance of sipglek assigned to
OCH,COin addition to presence of two doublet peaks ofah@.43-7.47 and 7.70-7.71 ppm assigned to H-%&nd
8, respectively, for compounddb,c confirmed formation of angular furobenzopyranone..

Table 1: Preliminary screenining for antimicrobial and photosensitizing activities

Cpd. No. Control | Test | Cpd. No. | Control | Test

DMF - - 10a - -
Xanthotoxin 9 12 10b - 12
2a 7 7 10c 10 10

2b - 12 10d 8 8
2c - 7 10e - 10

2d 10 10 10f 7 7

3a - 10 10g - -

3b - 12 10h - 8

3c - 7 1la 7 7

3d 10 10 11b 8 8
4a - - 1ic - 10
4b - - 11d 10 10
5a 10 10 1le 7 12

5b - - 11f - -

6a - - 11g 7 7

6b 11h

Control Disk contains 0.01 ml of the tested and reference compounds.
Test: Disk contains 0.01 ml of the tested and reference compounds and time of radiation is 20 min.

3.2. Antimicrobial and photosensitizing activity:

Results of antimicrobial evaluation (Table 1) shdwkat, benzopyrone2d and 10c had activity higher than
xanthotoxin while compound®a, 10d,f were less active and rest of compounds were weckxamination of
furobenzopyrones results revealed that only comgd@eh(linear furobenzopyrone) and compouihtt (angular
furobenzopyrone) were more active than xanthota®@mpoundd.la,b,e,g were less active and rest of compounds
were inactive. Tetrahydrobenzofurobenzopyr&aewas also more active than xanthotoxin while resotiner
tetrahydrobenzo-, and benzofurobenzopyrones wadive.

Results of photosensitizing activity (Table 1,)ealed that compountile showed good photosensitizing activity
and increased upon increasing radiation time tomd. It was interesting to find photosensitizingtigty to
antimicrobial inactive compound?,c, 3a-c, 10b,eh and11c. Photosensitizing activity increased for compounds
3a,c, 10e and1lc upon increasing radiation time to 40 min.

Active compound<a,d, 3d, 5a, 10c,d,f and 11a,b,d,g (with antimicrobial activity) showed no photosdizing
activity after irradiation for 20 min. Photoseraitig activity of compound£d, 10d,f and 11b increased upon
increasing radiation time to 40 min.

The study of concentration effect on photosensitjzactivity showed increase in activity for all pbgensitizing
compounds except compoufob.
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Table 2: Effect of increasing time of radiation and concentration on photosensitizing activity for the active derivatives

Cpd. No. Control Test Test* Test**
DMF - - - -
2a 7 7 7 7
2b - 12 12 14
2c - 7 7 8
2d 10 10 12 15
3a - 10 11 14
3b - 12 12 12
3c - 7 12 12
3d 10 10 10 13
5a 1C 1C 10 12
10b - 12 12 12
10c 10 10 10 10
10d 8 8 9 13
10e - 10 13 13
10f 7 7 8 8
10h - 8 8 9
1la 7 7 7 8
11b 8 8 10 10
11c - 10 12 12
11d 10 10 10 13
1le 7 12 14 15
11g 7 7 7 7
Xanthotoxin 9 12 15 19

Control Disk contains 0.01 ml of the tested and reference compounds.
Test Disk contains 0.01 ml of the tested and reference compounds and time of radiation is 20 min.
Test* Disk contains 0.01 ml of the tested and reference compounds and time of radiation is 40 min.
Test** Disk contains 0.02 ml of the tested and reference compounds and time of radiation is 20 min.

3.3. Molecular docking

Four main classes of bacterial topoisomerasegymisid I-1V have been identified. Bacterial topaisvases | and il
are type IA topoisomerases that interact with sirggtanded DNA, while bacterial topoisomerasestl B/ are type
IIA topoisomerases that interact with double-stexh®NA [40]. DNA gyrase is a unique enzyme amorgtipe 1A
topoisomerases, as it can introduce negative suglaral turns into DNA and removes positive supé#scor his
function is essential for bacterial DNA replicatif@ti,42].

Over the past decades, inhibition of bacterial Dijykase was considered a good target for potenbactérial
agents [43]. Quinolones (particularly fluoroquinoés), quinazolinediones, pyrazoles, indazoles, ibedazoles
and benzothiazoles have been shown to be highlgesstul inhibitors of bacterial DNA gyrase [42]. &ddition,
naturally occurring bacterial DNA gyrase inhibitossich as aminobenzopyrone derivatives, which irelud
clorobiocin and novobiocin were also known as atibrial agents. They inhibit ATPase activity of Biyyrase by
competing with ATP for binding to the subunit Bthé enzyme [14,43].

The binding affinity of the ligand was evaluatedlweénergy score (S, Kcal/mol). The compound whitealed the
highest binding affinity, minimum dock score, igtbne forming the most stable ligand-enzyme comlergth of
the hydrogen bond and arene cation interaction aksie used to assess the binding models. The sesfuttocking
studies; dock score, involved DNA gyrase active sinino acid interacting ligand moieties and hydrogond
length for each compound and ligand are listedabld 3, Fig. 2-5.
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Table 3: Docking Results

Cpd. Energy score S (K cal/mol) Binding amino acid Interacting function group Hy(?;;)gterr]\gond
Asn 46 OH pyrane 1.88
Asp 49 (through water molecule) OH pyrane 2.80
Glu 50 (through water molecule) O ether 3.34
Asp 73 NH pyrrole 1.81
. Asp 73 (through water molecule) CO ester 3.16
Clorabiocin | -44.8228 Arg 76 ((cationgarene) Benzene of benzopyrone
Gly 77 (through water molecule)] CO ester 3.16
Thr 80 (through water molecule)] OH phenyl 2.57
Arg136 CO benzopyrone 2.96
Thr 165 (through water moleculg) CO ester 3.16
Asp 73 (through water molecule) CO benzopyrone 3.13
Arg 76 CO butyloxy 2.13
2a -15.4849 Arg 76 (cation-arene) Benzene of benzopyrone
Gly 77 (through water molecule)] CO benzopyrone 3.13
Thr 165 (through water moleculg) CO benzopyrone 3.13
Asp 49 (through water molecule) CO butyloxy 2.96
2d -16.6778 Arg 76 (cation-arene) Benzene of benzopyrone
Arg136 CO benzopyrone 3.05
Asp 73 (through water molecule) CO benzopyrone 2.83
3d -14.0501 Gly 77 (through water molecule)] CO benzopyrone 2.83
Thr 165 (though water molecul | CO benzopyror 2.8:2
Asp 73 (through water molecule) CO benzopyrone 3.13
Arg 76 (cation-arene) Benzene of benzopyrone
5a -18.3565 Arg 76 (cation-arene) Furan of fruobenzopyrone
Gly 77 (through water molecule)] CO benzopyrone 3.13
Thr 165 (through water moleculg) CO benzopyrone 3.13
Asp 73 (through water molecule) CO benzopyrone 2.96
10c -23.3971 Gly 77 (through water molecule)] CO benzopyrone 2.96
Thr 165 (through water moleculg) CO benzopyrone 2.96
Asp 73 (through water molecule) CO benzopyrone 2.60
10d -18.2528 Arg 76 (cation-arene) Benzene of benzopyrone
' Gly 77 (through water molecule)] CO benzopyrone 2.60
Thr 165 (through water moleculg) CO benzopyrone 2.60
Asn 46 (through water molecule) CO benzopyrone 2.28
10f -20.9931 Arg 76 (cation-arene) Benzene of benzopyrone
Val 120 (through water moleculg) CO benzopyrone 2.28
Asp 73 (through water molecule) CO benzopyrone 2.06
11a -21.2338 Gly 77 (through water molecule)] CO benzopyrone 2.06
Thr 165 (through water moleculg) CO benzopyrone 2.06
Asp 73 (through water molecule) CO benzopyrone 2.33
11b -18.6683 Gly 77 (through water molecule)] CO benzopyrone 2.33
Thr 165 (through water moleculg) CO benzopyrone 2.33
Asp 49 (through water molecule) CO benzoyl 291
11d -24.3583 Arg 76 (cation-arene) Benzene of benzopyrone
Arg 136 CO benzopyrone 2.82
1le -15.694¢ Asp 49 (through water molecu | CO benzopyror 3.1¢
11g -10.9455 Asp 49 (through water moleculg)  QCH 3.47

Analysis of the docking results revealed that:

i. Clorobiocin- DNA gyrase complex was reproduced tiy tlocking procedure as demonstrated by low roanme
square deviation, rmsd (0.4152) and dock score&228 kcal/mol, Table 3) that indicated the dockingtocol was
valid. Moreover, clorobiocin nearly fits into thetae site forming various hydrogen bonding intémats with the
active site residues: OH pyrane with Asn46 (LXSSand Asp49 (2.80@) through water molecule, O ether with
Glu50 (3.341&) through water molecule, NH pyrrole with Asp738(1LA), CO ester with Asp73, Gly77 and Thr165
(3.16 A) through water molecule, OH phenyl with Thr80 (721&) through water molecule and CO benzopyrone
with Arg136 (2.96A). Also clorobiocin formed arene cation interactifrbenzene ring of benzopyrone with Arg76,
Fig. 2.
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Fig. 2. 2D interactions of native ligand Clorobiocin in the active site of DNA gyrase

il. Dock scores for significantly active antimicrob@mmpounds Za,d, 3d, 5a, 10c,d,f, 11a,b,d,e,g) were found to
have dock score in the range (-24.3583 to -10.94&&/mol, Table 3). A correlation between dock ssoand
antimicrobial activity (diameters of inhibition zes produced before UV-A radiation) of compounds alzserved.
Benzopyrone derivativeza,d, and10c,d,f which had antimicrobial activity (inhibition zonegere 7, 10, 10, 8 and
7 mm, respectively, Table 1), showed binding affinvith the active site of the DNA gyrase enzymedkiscore, -
15.4849, -16.6778, -23.3971, -18.2528 -20.9931 Muall respectively, Table 3).

Linear furobenzopyrone derivatidsl and angular furobenzopyrone derivatiids,b,d,e,g which had antimicrobial
activity (inhibition zones were 10, 7, 8, 10, 7 ahdnm, respectively, Table 1), showed binding éffinvith the
active site of the enzyme (dock score -14.0501,2238, -18.6683, -24.3583, -15.6949 and -10.945&l/Kwl,
respectively, Table 3).

Tetrahydrobenzofuroenzopyrone derivatbzewhich had antimicrobial activity (inhibition zonasas 10 mm, Table
1), showed binding affinity with the active site tbe DNA gyrase enzyme (dock score, -18.3565 Kaal/fMable
3).

iii. Inspection of the binding mode also demonstrated &l compounds showed one to four hydrogen bamds
arene cation interaction with the enzyme active msidue Asn46, Asp49, Asp73, Arg76, Gly77, VallRm136
and Thrl65.

iv.

The benzopyron@d with energy score (-16.6778 Kcal/mol) mediated tmmrogen bonds with the active site
residues: Asp49 through water molecule (2.96 Apv@O butyloxy and Arg136 (3.05 A) with CO benzopyedn
addition to arene cation interaction of benzeng ghbenzopyrone with Arg76, Fig. 3 (left). The kepyronelOc
with energy score (-23.3971 Kcal/mol) mediated ¢hingdrogen bonds with the active site residues78sgly77
and Thr165 (2.96 A) through water molecule with B&hzopyrone, Fig. 3 (right).
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Fig. 3. 2D interactions of compound 2d (left) and 10c (right) in the active site of DNA gyrase

The furobenzopyron&d (linear) with energy score (-14.0501 Kcal/mol) ria¢eld three hydrogen bonds with the
active site residues: Asp73, Gly77 and Thr165 (ABshrough water molecule with CO benzopyrone, Bidleft).
The furobenzopyron&ld (angular) with energy score (-24.3583 Kcal/mol)dm&d two hydrogen bonds with the
active site residues: Asp49 through water mole¢al®1 A) with CO benzoyl and Arg136 (2.82 A) withOC
benzopyrone in addition to arene cation interactibbenzene ring of benzopyrone with Arg76, Fidright).

Fig. 4. 2D interactions of compound 3d (left) and 11d (right) in the active site of DNA gyrase

Tetrahydrobenzofurobenzopyroba with energy score (-18.3565 Kcal/mol) showed thrggrogen bonds with the
active site residues: Asp73, Gly77 and Thr165 (R)1shrough water molecule with CO benzopyrone duition to
two arene cation interaction of benzene ring ofZogyrone and furan ring with Arg76, Fig. 5.
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Fig. 5. 2D interactions of compound 5a in the active site of DNA gyrase
CONCLUSION

The newly synthesized compounds of benzopyr@sed, 4a,b, 10a-h, furobenzopyrones (lineaBa-d, (angular)
11a-h, tetrahydrobenzofurobenzopyrongab and benzofurobenzopyronés,b derivatives were synthesized and
evaluated for antimicrobial and photochemotherdpedtivities. Compoundgd, 3d, 5a, 10c and11d were found
to have good antimicrobial activity. Compourdde exhibited good photosensitizing activity compaealtd
reference standard xanthotoxin after radiation Z0rand 40 min. Compound2b, 3b and 10b exhibited good
photosensitizing activity similar to xanthotoxirteafradiation for 20 min. but not increased uparéasing time to
40 min. Compound8a, 10e and11c exhibited good photosensitizing activity (lessrthanthotoxin) after radiation
for 20 min. and increased upon increasing timeGtandh. Docking studies of antimicrobial active carupds were
performed with DNA gyrase enzyme in order to gamsight into their possible binding mode. Although a
correlation between dock score and observed antilil activity (expressed as diameter of inhibitmone) was
routinely observed, most of the docked compoun@dseshsome binding interactions with DNA gyrase Emio
those of the native ligand inhibitor clorobiocinhi¥ suggests that these compounds might possilblasa®NA
gyrase inhibitors, and this may contribute at Iéagtart to their antimicrobial activity.
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