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Twenty novel 4-(N-substituted-sulfonamide) derivatives of xanthone have been prepared from the 4-sulfonyl chloride of 1-hydroxy-3-
methoxyxanthone and a variety of alkylamines and arylamines under mild conditions and their in vitro anti-bacterial activities against

Staphylococcus aureus and Escherichia colihave been determined
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Despite significant progress in antimicrobial therapy with
several classes of antibacterial agents presently available,
infectious diseases caused by bacteria remain a major worldwide
health problem due to rapid development of resistance to the
existing antibacterial drugs.' Sulfonamide derivatives belong to
one of the most important structural classes of drug molecules
and constitute the largest class of antibacterial agents. Such
agents e.g. sulfadiazine, have been used therapeutically for many
decades.? Indeed, approved drugs with a sulfonamide structure
have found widespread utility in a number of pharmacological
and medicinal applications.?

The xanthone skeleton makes up the core structure
of numerous important natural and biologically active
families of compounds present in higher plants, fungi and
microorganisms.*> These compounds have demonstrated
wide-ranging pharmacological properties including use as
antioxidant,® anticancer,” and anti-infective agents.® Among the
xanthones reported to date, oxygenated xanthones inhibit the
proliferation of several cancer cell lines® and some of them are
useful antibacterial and antifungal agents."”

The antibacterial activity of sulfonamides and xanthones has
pointed to xanthone sulfonamides being attractive as a versatile
platform for the development of a new class of antibacterial
agents and, to our knowledge, there has been no report on the
synthesis and antibacterial study of xanthone sulfonamide
derivatives. In continuation of our research on the synthesis and
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biological study of sulfonamide derivatives,'"'* we now report

the synthesis of a series of novel xanthone sulfonamides and
test their biological activity.

Results and discussion

The synthetic route used to synthesise xanthone sulfonamide
derivatives 4a—t is shown in Scheme 1. The dihydroxylated
xanthone scaffold 1 was prepared from phloroglucinol and
salicylic acid by a literature method in 95% yield"* and its
3-hydroxyl group was methylated with dimethyl sulfate in the
presence of potassium carbonate to yield 1-hydroxy-3-methoxy-
9H-xanthon-9-one 2. The '"H NMR spectrum of 2 showed one
singlet peak at & 3.91 corresponding to the methyl protons of
the methoxy group, confirming that monomethylation had
occurred. Also, due to hydrogen bonding between the hydrogen
of the 1-hydroxy group with the C=0 group, this hydrogen
appeared at 8 12.90. Furthermore, in support of the structure of
the monomethylated product 2, in the *C NMR spectrum only
one peak was observed at 8 55.3, corresponding to the carbon of
the methoxy group.

The chlorosulfonation of 1-hydroxy-3-methoxy-9H-xanthon-
9-one 2 was conducted using chlorosulfonic acid at 0 °C for
30 min. 1-Hydroxy-3-methoxy-9-oxo-9H-xanthone-4-sulfonyl
chloride 3 was obtained in 79% yield with high purity and
this was used in the next step without any purification. The
regioselectivity of the chlorosulfonation of I-hydroxy-3-
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methoxy-9H-xanthon-9-one 2 is likely to be directed by higher
electron density at positions 2 and 4, compared to that of other
positions. Between positons C-2 and C-4, it appears that position
4 was chlorosulfonated selectively. The selective reaction on
C-4 was confirmed by NMR and density functional theory
(DFT) calculations' that were performed using the Gaussian 98
program.'® The geometry of the compound was optimised using
DFT/B3LYP theory and a 6-31G(d,p) basis set. Vibrational
frequency calculations were used to characterise all stationary
points as minima (the number of imaginary frequencies: Nimag
= 0). Atomic charges of 1-hydroxy-3-methoxy-9H-xanthen-9-
one 2, which were calculated by the Mulliken method at the
B3LYP/6-31G(d,p) level of theory, are given in Fig. 1. The
charge distribution of compound 2 shows that the C-4 atom has
the highest negative charge, which explains chlorosulfonation
in that position.

Comparison between the 'H NMR of compounds 2 and 3 is
useful. In the 'H NMR spectrum, 1-hydroxy-3-methoxy-9H-

Fig. 1 The NBO charges calculated for compound 2 optimised at the
B3LYP/6-31G(d,p) level.

xanthon-9-one 2 showed two doublet peaks at 8 6.39 and 6 6.47
with a coupling constant of 1.5 Hz corresponding to the protons
connected to C-2 and C-4 respectively. After chlorosulfonation,
the doublet at & 6.39 was absent and the doublet at & 6.47 was
converted to a singlet peak, confirming that the chlorosulfonyl
group must have been introduced at the 4-position.

As was shown in Scheme 1, the last step in the synthesis
of xanthone sulfonamides 4a—t is simple mixing of xanthone
sulfonyl chloride 3 with an amine in the presence of K,CO,
at room temperature.”””” After completion of the reaction,
the product was separated from the reaction mixture just by
adding water and simple filtration. Interestingly, most of the
xanthone sulfonamides were obtained in high purity without
any purification.

A wide range of structurally and electronically varied
amines were subjected to the reaction with xanthone sulfonyl
chloride 3 (Table 1). The results showed that the aromatic
as well as aliphatic amines reacted with xanthone sulfonyl
chloride 3 within 15 min—4 h to produce the corresponding
sulfonamides in moderate to high yield. It is interesting to note
that aromatic amines were sulfonated in a shorter reaction time
in comparison with aliphatic amines. Also, primary aromatic
amines reacted faster than secondary aromatic amines and the
products were obtained in higher yield. Furthermore, aromatic
amines with electron—donating groups such as alkyl or alkoxy
in the para-position were converted to the corresponding
sulfonamides in higher yields and in a shorter reaction time
than those with electron-withdrawing groups (entries 9-19).
Finally, a heterocyclic amine reacted to give the corresponding
sulfonamide in high yield (entry 20).

All of the synthesised xanthone sulfonamides 4a—t were
screened for their antibacterial activity against Escherichia coli
(ATCC25922) as Gram-negative and Staphylococcus aureus

Table 1 Yields/reaction times for the preparation of xanthone sulfonamides 4a-t from a variety of amines 1 (Scheme 1) and their antibacterial activities®

Entry Amine Product number Time/min Yield/%?® (ATCEnggQZ) (A%‘C%‘érgg%)
1 Cyclohexylamine da 180 35 500 >1000
2 Piperazine 4b° 40 56 500 500
3 1,4-Diaminobutane 4¢° 240 30 >1000 >1000
4 PhCH,NH, ad 65 39 >1000 >1000
5 PhNH, de 60 45 >1000 >1000
6 PhNHCH,CH, 4 80 33 >1000 >1000
7 Ph,NH 4g 60 30 500 500
8 HO-4-C,H,NH, 4h 60 55 500 500
9 Me0-4-C H,NH, ] 15 85 >1000 >1000
10 Me0-2-C H,NH, 4 20 75 >1000 >1000
11 Me-4-C.H,NH, 4k 15 80 >1000 >1000
12 Me-2-C H,NH, 4 20 70 >1000 500
13 2,4-Me-C.H,NH, 4m 25 60 >1000 >1000
14 Br-4-C,H,NH, 4n 35 63 500 500
15 Cl-4-C,H,NH, 4o 40 60 250 500
16 Cl-3-C,H,NH, 4p 35 61 250 500
17 Cl-2-C,H,NH, 4q 45 60 250 250
18 2,4-Cl,-C,H,NH, 4 50 55 250 250
19 O,N-3-C,H,NH, 4s 120 50 500 500
20 2-Aminothiazole 4 20 90 125 125
21 Kanamycin 3 5
aMICs, pg mL".
P|solated yield.

“Bis-substituted derivatives.



(ATCC29213) as Gram-positive bacteria using conventional
agar—dilution methods. The MICs (minimum inhibitory
concentrations) of the compounds against these bacteria are
presented in Table 1. Also kanamycin, as a standard antibacterial
agent, was screened under identical conditions for comparison.
Structure—activity relationships in these xanthone sulfonamide
derivatives showed that compounds with electron-withdrawing
halogen groups on the 2- and 4-positions of an arylamine
in the sulfonamide moiety were conducive to antibacterial
activity (compounds 4m-r). Meanwhile, the derivatives which
have electron-donating substituents (such as CH,, OCH,) on
the 2- and 4-positions of the same ring exhibited less potent
activity(compounds 4i-m). Of the new synthetic xanthone
sulfonamide  derivatives, 1-hydroxy-3-methoxy-9-oxo-N-
(thiazol-2-yl)-9H-xanthone-4-sulfonamide 4t, exhibited the
most potent antibacterial activity with an MIC of 125 ug mL"!
against E. coli and S. aureus.

In conclusion, we have described a facile and efficient
approach for the preparation of several structurally varied novel
xanthone sulfonamides in four steps, starting from salicylic
acid and phloroglucinol. The reactions are characterised by
simple reaction procedures, ease of separation, high yields and
chemoselectivity. The final step of the synthesis of xanthone
sulfonamides was carried out under solvent—free conditions and
the products were separated by simple filtration giving it good
agreement with ‘green chemistry’ credentials. Furthermore,
the microbiological activity of the synthesised xanthone
sulfonamides was evaluated against one Gram-positive and one
Gram-negative microorganism.

Experimental

All chemicals were purchased from the Merck or Fluka chemical
companies. IR spectra were recorded on a PerkinElmer VIR
spectrophotometer. NMR spectra were obtained on a Bruker 400
FT spectrometer (‘H NMR at 400 Hz and “C NMR at 100 Hz) in
CDCl, or DMSO-d, using TMS as internal standard. Chemical
shifts (8) are given in ppm and coupling constants (J) in Hz. Column
chromatography was performed using silicagel 60 (230-400 mesh).
All reactions were conducted open to the atmosphere and the yields
refer to the isolated products.

1,3-Dihydroxy-9H-xanthone-9-one (1): Eaton’s reagent (100 mL)
(P,0/CH,SO,H, Aldrich) was added slowly to a mixture containing
salicylic acid (9.13 g, 60 mmol) and phloroglucinol (7.56 g, 60 mmol).
The mixture was heated at 80 °C for 20 min. under stirring. After
cooling to room temperature, the reaction mixture was poured
into ice (300 g) and stirred for 2 h. The resulting solid was collected
by filtration, washed with water until pH 6, and dried at 60 °C. The
product was obtained as a reddish brown solid in 95% yield and was
used in the next step without further purification; m.p. 249-251 °C
(lit. 20 254-256 °C); R, =0.59 (20% ethyl acetate 80% n-hexane); IR:
(KBr, cm™) 3331 (O-H), 1656 (CO); 'H NMR: (DMSO-d,) & (ppm)

420 2H,,, br), 6.19 (1, , d, J = 2.0 Hz), 636 (IH,,__, d, J = 2.0
Hz), 742 (IH, . t.J = 7.6 Hz), 7.53 (1H,, . d,J = 8.0 Hz ), 7.78-7.83
(IH,,,,m),8.06-8.09 (IH,__,m).

1-Hydroxy-3-methoxy-9H-xanthone-9-one (2): Dimethyl sulfate
(10 mL) was added to a stirred mixture of dihydroxyxanthone 1
(10 mmol, 2.28 g) and K,CO, (36 mmol, 3.6 g) in CHCI, (50 mL).
The mixture was heated to 50 °C and the progress of the reaction
was monitored by TLC. After completion of the reaction (25 min),
the mixture was cooled and washed with 5% HCI (10 mL), water
(20 mL) and dried over NaSO,. After evaporation of the solvent, the
product was obtained as a yellow solid in 79% yield and used in the
next step without further purification; m.p. 149-152 °C; R .= 0.59 (20%
ethyl acetate 80% hexane); IR: (KBr, cm™) 3488 (O-H), 1660 (CO);
'HNMR: (CDCl,) & (ppm) 3.93 (3H,,,..8), 6.39 (IH__ .d,J=1.6Hz),
647(1H_,d,J/=2.0Hz),7.39-747(1H__ ,m),775(2H__ ,t,J=84
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Hz),8.28 (1H, . d,J=76Hz), 12.90 (1H_,, s); *C NMR (CDCl,): &
(ppm) 55.3, 92.8, 97.0, 103.9, 117.6, 120.6, 124.0, 125.9, 135.0, 156.0,
157.7, 163.6, 166.7, 180.8. Anal. calcd for C H O,: C, 69.42; H, 4.16;
found: C, 69.28; H, 4.12%.
1-Hydroxy-3-methoxy-9-oxo-9H-xanthone-4-sulfonyl chloride (3):
Chlorosulfonic acid (20 mmol) was added slowly at 0 °C to a stirred
solution of 1-hydroxy-3-methoxy-9H-xanthone-9-one 2 (10 mmol,
2.42 g) in CHCI, (10 mL),. The mixture was stirred at 0 °C for 30 min.
to 60 min at room temperature. After completion of the reaction
(as shown by TLC) the mixture was poured onto ice. The mixture
was extracted with chloroform (25 mL) and washed with water
(20 mL), saturated NaHCO, (2x20 mL) and dried over Na,SO,. After
evaporation of solvent, the product was obtained as an orange solid
with high purity and used in the next step without any purification;
m.p. 173-176 °C; Rf =0.31 (50% ethyl acetate 50% hexane); IR: (KBr,
cm™) 3394 (O-H), 1647 (CO), 1388, 1170 (SO,); 'H NMR: (CDCl,) &

(ppm) 4.13 3H,,,,., 5), 6.46 (1H,_ , 5), 7.05-7.54 (1H,___, m), 7.687.71
(IH,,, m), 7.83-7.87 (1H, , m), 827-829 (IH,, m), 14.12
(IH,,, 5); “C NMR: (CDCl,) 8 (ppm) 57.6, 95.1, 102.9, 112.1, 118.6,

119.9, 124.0, 125.7, 136.3, 155.5, 155.6, 165.1, 169.4, 180.8.

Synthesis of xanthone sulfonamides; general procedure
An amine (I mmol) was added to a vigorously stirred mixture
of xanthone sulfonyl chloride 3 (1 mmol) and K,CO, (1 g). The
progress of the reaction was monitored by TLC. After completion
of the reaction, water (10 mL) was added and the sulfonamide was
easily isolated by simple filtration and washing with additional water
(3x10 mL). The products were obtained in high purity, which was
confirmed by spectroscopic data. In the case of xanthone sulfonamides
4a—c column chromatography was used for purification using ethyl
acetate: hexane as eluent.
N-Cyclohexyl-1-hydroxy-3-methoxy-9-oxo-9-H-xanthene-4-
sulfonamide (4a): Cream needles; m.p. 134-137 °C ; R ;= 0.59 (100%
ethyl acetate); IR: (KBr, cm™) 3429 (O-H), 3241 (N-H), 1660 (CO),
1379, 1179 (SO, ); 'H NMR: (DMSO) § (ppm) 0.89-0.92 (2H m),
1.15-1.28 (8H,,,, , m), 3.74-3.83 (1H, m), 4.13 (3H
s), 749-7.53 (IH__ , m), 7.68 (1H
7.83-7.87 (1H

CH2-?

omer 8)» 045 (IH_
wom 44, J, = 8.0 Hz, J, = 1.6 Hz),
o M), 827 (IH . dd, J, = 6.0 Hz, J, = 1.6 Hz), 9.50
(IH,,, s), 13.74 (IH_,,, s); "C NMR: (CDCL,) & (ppm) 24.5, 26.7, 37.4,
424, 55.8, 929, 97.1, 103.9, 117.6, 120.7, 124.0, 125.9, 135.0, 156.1,
157.8, 163.6, 166.8, 180.9. Anal. calcd for C, H, NOS: C, 59.54; H,
5.25; N, 3.47; found: C, 59.28; H, 5.12; N, 3.55%.
bis(1-Hydroxy-3-methoxy-9-oxo-9-H-xanthene-4-sulfonamide)
piperazine (4b): Light brown needles; m.p. 256-260 °C; R, = 0.19
(80% ethyl acetate 20% n-hexane); IR: (KBr, cm™) 3483 (O-H), 1660
(CO), 1395, 1119 (SO,); 'H NMR: (DMSO) & (ppm) 2.88 (8H_;, 1o
t, J = 5.6 Hz), 4.13 (6H,,,, s), 6.46 2H__ .s), 7.50-7.54 (2H, , m),
7.68-771 2H_ ., m), 7.83-7.88 (2H_ ., m), 8.27-8.29 (2H__ ., m),
14.12 (2H,,;, s); “C NMR: (CDCI,) & (ppm) 49.9, 56.8, 96.0, 111.6,
111.7, 113.0, 118.8, 129.1, 129.4, 129.5, 148.5, 148.5, 158.2, 162.3, 185.0.
Anal. caled for C,,H, N,O_S,: C, 55.33; H, 3.77; N, 4.03; found: C,
55.17; H,3.85; N, 4.02%.
N,N’-(Butane-1,4-diyl)bis(1-hydroxy-3-methoxy-9-oxo-9H-
xanthene-4-sulfonamide) (4¢): Light brown solid; m.p. 149-153 °C;
R, = 0.36 (90% ethyl acetate 10% n-hexane); IR: (KBr, cm”) =
3599 (O-H), 3239 (N-H), 1636 (CO), 1397, 1153 (SO, ); 'H NMR:
(CDCL,) & (ppm) 1.25-1.28 (4H, m), 3.79-3.82 (4H, m), 3.98 (6H,
s), 6.37 2H__ ,s), 7.28-7.45 (4H, ., M), 7.71-8.25 (4H_ .m), 8.27
(2H  .dd,J =12Hz, J,=0.8 Hz), 12.88 (2H_,, s); Anal. calcd for
C,H,N,0,S,: C, 55.17; H, 4.05; N, 4.02; found: C, 55.35; H, 3.95; N,
3.93%.
N-Benzyl-1-hydroxy-3-methoxy-9-oxo-9H-xanthene-4-sulfonamide
(4d): Light brown solid (EtOH); m.p. 156-160 °C; R, = 0.53 (80%
ethyl acetate 20% n-hexane); IR: (KBr, cm”) 3499 (O-H), 3299
(N-H), 1653 (CO), 1395, 1122 (SO,); '"H NMR: (CDCl,) & (ppm) 3.75
(2H (4, J = 12.8 Hz), 4.16 (3H, s), 6.29 (IH, . s), 7.17-7.29
(5H, . m), 735 (IH, ), 747 (IH, . t,J=76Hz), 757 (IH _ ,d,
J = 8.4 Hz), 772 (1H t,J =84 Hz), 829 (1H_,d, J =706 Hz),
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13.95 (1H,,,, 8); "C NMR: (CDCl,) & (ppm) 45.5, 55.8, 92.9, 104.0,
117.7,119.9, 120.7, 123.41, 124.0, 125.9, 129.7, 131.5, 135.5, 145.5, 156.1,
157.8, 163.6, 166.8, 180.9. Anal. calcd for C, H _NOS: C, 61.30; H,
4.16; N, 3.40; found: C, 59.95; H, 3.98; N, 3.53%.
1-Hydroxy-3-methoxy-9-oxo-N-phenyl-9H-xanthene-4-sulfonamide
(4e): Brown solid (EtOH); m.p. 140-145 °C; R, = 0.53 (80% ethyl
acetate 20% n-hexane); IR: (KBr, cm™) 3419 (O-H), 3260 (N-H), 1661
(CO), 1390, 1122 (SO,); 'H NMR: (CDCl,) & (ppm) 4.13 (3H,

over 8)>

642 (1H,_ . s), 701-7.05 (SH,_, m), 7.28 (IH,,,, 5), 745 (IH__, t,
J=172Hz), 766 (10, d,J=80Hz),779 (IH__, t,J =72 Hz),
823 (I d, J = 68 Hz), 1389 (IH,,, 5): “C NMR: (CDCL,) &

(ppm) 55.8, 92.9, 97.1, 104.0, 117.7, 119.9, 120.7, 123.41, 124.0, 125.9,
129.7, 131.5, 135.5, 156.1, 157.8, 163.6, 166.8, 180.9. Anal. calcd for
C,,H,NO,S: C, 60.45; H, 3.80; N, 3.52; found: C, 60.23; H, 3.91; N,
3.63%.
N-Ethyl-1-hydroxy-3-methoxy-9-oxo-N-phenyl-9H-xanthene-
4-sulfonamide (4f): Light brown solid (EtOH); m.p. 123-127 °C;
R, = 0.433 (80% ethyl acetate 20% n-hexane); IR: (KBr, cm™) 3453
(0-H), 1662 (CO), 1397, 1176 (SO,); 'H NMR: (CDCl,) & (ppm)
1.27 3H,,,, t, J = 6.0 Hz), 3.23 (2H-,,, q, J = 7.2 Hz), 4.13 3H,, , $),
6.13 (IH__ ,s),6.98-7.03 (SH ., m), 745 (IH_ .t J=72Hz),7.67
(1H, .d,J=8.0Hz),779(1H_ ,t,J=72Hz),822(1H  .d,J=6.8
Hz), 13.89 (1H,,,. s); "C NMR: (CDCL,) § (ppm) 11.5, 40. 6 55 8,929,
97.1,104.0, 117.7, 119.9, 120.7, 123.41, 124.0, 125.9, 129.7, 131.5, 135.5,
156.1, 157.8, 163.6, 166.8, 180.9. Anal. calcd for C,,H,;NO S: C, 62.11;
H, 4.50; N, 3.29; found: C, 62.23; H, 4.37; N, 3.43%.
1-Hydroxy-3-methoxy-9-oxo-N,N-diphenyl-9H-xanthene-4-
sulfonamide (4g): Brown solid (EtOH); m.p. 156-160 °C; R, =0.23
(80% ethyl acetate 20% n-hexane); IR: (KBr, cm™) 3393 (O-H), 1661
(CO), 1403, 1178 (SO,); 'H NMR: (CDCL,) 6 (ppm) 4.02 (3H,,.. S),
6.46 (IH _ ,s),6.99-7.05(10H  ,m),7.44-747 (1H . m),7.66-7.68
(1H, ., m), 7.79-8.01 (1H__ , m), 8.29-8.33 (1H__ , m), 13.99 (IH_,,
s); P"C NMR: (CDCl,) & (ppm) 55.8, 95.1, 102.5, 106.0, 117.2, 119.1,
120.9, 1234, 124.3, 1259, 129.6, 131.2, 143.2, 156.6, 157.1, 162.5,
166.1, 179.9. Anal. caled for C, H ;NO,S: C, 65.95; H, 4.04; N, 2.96; O,
20.27; S, 6.775; found: C, 65.63; H, 4.17; N, 3.03%.
1-Hydroxy-N-(4-hydroxyphenyl)-3-methoxy-9-oxo-9H-xanthene-
4-sulfonamide (4h): Cream solid (EtOH); m.p. 151-155 °C; R, = 0.25
(80% ethyl acetate 20% n-hexane); IR: (KBr, cm™) 3474 (O-H), 3289
(N-H), 1656 (CO), 1400, 1148 (SO,); 'H NMR: (CDCl,) 6 (ppm) 4.13
(BHy,,» 8)> 490 (1H,, s, br), 6.42 (1H,_ ,s), 6.63 2H,_ . d,J =284
Hz), 6.97-7.05 GH_ .\ ™), 745 (IH . t,J =76 Hz), 7.67 (IH__,
d,J=84Hz),781 (IH .t J=72Hz),823(1H_ ,d,J=8.0Hz),
13.89 (1H,,, s); “"C NMR: (CDCl,) & (ppm) 56.9, 99.2, 107.0, 117.6,
120.7, 121.3, 124.0, 125.9, 126.9, 127.8, 129.9, 131.4, 135.1, 136.0, 145.5,
156.1, 157.8, 163.7, 164.3, 167.0, 180.9. Anal. calcd for C, H NO.S: C,
58.11; H, 3.66; N, 3.39; found: C, 58.23; H, 3.47; N, 3.43%.
1-Hydroxy-3-methoxy-N-(4-methoxyphenyl)-9-oxo-9H-xanthene-
4-sulfonamide (4i): Cream solid (EtOH); m.p. 193-195 °C; R, = 0.45
(70% ethyl acetate 30% n-hexane); IR: (KBr, cm™) 3419 (O-H), 3311
(N-H), 1643 (CO), 1399, 1155 (SO,); 'HNMR: (CDCl,) § (ppm) 3.71

OH’

(H,,,. 9), 415 BH,,. 8), 6.45 (1H,_ ,'$), 6.79 (2H,,, d, J = 8.0 Hz),
7.08 2H, ., d,J = 8.0 Hz), 7.07 (IHy,,, ), 745 (1H,,__, d, J = 7.6 H),
7.64 (IH,, . d,J=8.4Hz),7.80 (IH,,t,J=7.6 Hz),8.24 (1, ,t,J

=8.0Hz), 13.92 (IH_,,, s); "C NMR: (CDCl,) & (ppm) 48.4, 50.5, 88.0,
107.5, 107.6, 107.7, 111.1, 112.9, 117.2, 118.6, 122.1, 129,1, 148.7, 149.3,
150.8, 160.6, 174.2. Anal. calcd for C, H _NO.S: C, 59.01; H, 4.01; N
3.28; found: C, 59.18; H, 4.13; N, 3.36%.
1-Hydroxy-3-methoxy-N-(2-methoxyphenyl)-9-oxo-9H-xanthene-
4-sulfonamide (4j): Light brown solid (EtOH); m.p. 227-230 °C; R, =
0.36 (70% ethyl acetate 30% n-hexane); IR: (KBr, cm™) 3443 (O-H),
3353 (N-H), 1650 (CO), 1402, 1161(SO,); 'H NMR: (DMSO-d,) &
(ppm) 3.57 3H,,,.. 8), 391 3H,,,., 8), 6.65 (1H__ ,s), 6.81 (IH .t
J=80Hz), 688 (1H,  .d,J=72Hz), 700 (1H .t J=76Hz),
736 (1H  ,d,J=64Hz),75 (IH_ .t J=76Hz),776 (H_ ,
d,J=84Hz),793-798 (1H,  ,m), 8.15 (1H, .d,J=38.0 Hz), 9.00
(IH,, $), 13.89 (1H_,,, s); "C NMR: (DMSO-d,) & (ppm) 66.3, 66.9,
94.7,103.2, 110.5, 118.5, 119.2, 119.9, 121.3, 124.5, 125.0, 125.6, 126.5,

135.9, 140.7, 141.7, 164.6, 167.4, 170.4, 170.5, 185.7. Anal. calcd for
C,H NO.S: C, 59.01; H, 4.01; N, 3.28; found: C, 59.23; H, 4.16; N,
3.39%.
1-Hydroxy-3-methoxy-9-oxo-N-p-tolyl-9H-xanthene-4-sulfonamide
(4k): Cream solid (EtOH); m.p. 194-197 °C; R, = 0.33 (70% ethyl
acetate 30% n-hexane); IR: (KBr, cm™) 3456 (O-H), 3261 (N-H),
1663 (CO), 1399, 1155(SO,); '"H NMR: (CDCl,) & (ppm) 2.27 (3H,,,
s),4.14 BH,,,..$),6.42 (1H__ .s),6.64 (1H_ . d,J =7.6Hz), 7.01-7.05
(3H,, . m), 7.26 (IH,,, s), 746 (IH__ . t, J =764 Hz), 7.67 (IH__ ,
d,J=84Hz), 78 (IH, .t J=764Hz),824(H ., d, J=380
Hz), 13.90 (1H,, s); 13C NMR (CDCI,) & (ppm) 207 5740 94.9,
103.5, 106.1, 115.3, 118.6, 119.8, 121.0, 125.0, 125.5, 129.8, 129.9,
134.2, 135.2, 135.9, 155.8, 156.3, 164.0, 167.5, 181.1. Anal. calcd for
C,H_ NOS: C, 61.30; H, 4.16; N, 3.40; found: C, 60.18; H, 4.13; N,
3.36%.
1-Hydroxy-3-methoxy-9-oxo-N-o-tolyl-9H-xanthene-4-sulfonamide
(41): Cream solid (EtOH); m.p. 186—-190 °C R, = 0.36 (70% ethyl acetate
30% n-hexane); IR: (KBr, cm™) 3450 (O-H), 3300 (N-H), 1650 (CO),
1379, 1175(SO, ); 'H NMR: (DMSO-d,) & (ppm) 2.21 (3H,,, s), 3.99
(BHyyer ), 699 (IH_ . s), 700-7.15 4H_ ., m), 7.52-7.56 2H__,
m), 7.88-793 (1H, ., m), 8.15 (IH ., dd, J, = 9.6 Hz, J = 4.0 Hz),
9.00 (1H ., s), 13.90 (1H,,, s); *C NMR: (DMSO-d,) & (ppm) 23.0,
574, 100.7, 1077, 113.5, 123.4, 124.5, 130.1, 130.3, 130.5, 131.0, 131.6,
135.9, 138.4, 138.8, 140.7, 141.7, 160.2, 169.8, 171.3, 185.7. Anal. calcd
for C, H_NOS: C, 61.30; H, 4.16; N, 3.40; found: C, 60.41; H, 4.19; N,
3.50%.
N-(2,4-Dimethylphenyl)-1-hydroxy-3-methoxy-9-oxo-9H-xanthene-
4-sulfonamide (4m): Light brown solid (EtOH); m.p. 150-154 °C, R,
=0.42 (70% ethyl acetate 30% n-hexane); IR: (KBr, cm™) 3470 (O-H),
3266(N-H), 1666 (CO), 1380, 1170 (SO, ); 'H NMR: (CDCl,) 8 (ppm)
370 (6H,,, 8), 4.15 3H,,., ), 6.44 (1H__ .s), 6.73 (1H__ . d,J =
9.2 Hz), 7.07 2H d,J=88Hz), 718 (IH,, s), 744 (IH__ . t,J =
7.6 Hz), 7.64 (1H__ ., d,J=84Hz),773 (IH _ ,d,J=638 Hz), 8.22
(IH, .dd,J =64 Hz, J, =12 Hz), 13.91 (1H_,, s). Anal. calcd for
C,,H/NOS: C 62.11; H, 4 50; N, 3.29; found: C, 62.41; H, 4.29; N
3.20%.
N-(4-Bromophenyl)-1-hydroxy-3-methoxy-9-oxo-9H-xanthene-
4-sulfonamide (4n): Brown solid (EtOH); m.p. 211-215 °C; R, = 0.45
(70% ethyl acetate 30% n-hexane); IR (KBr, cm™) 3439 (O-H), 3272
(N-H), 1649 (CO), 1392, 1139 (SO,); 'HNMR: (CDCl,) & (ppm) 4.11
(BH,,,.» 8), 6.50 (1H__ ,'s), 7.29-7.475 (4H_ _ , m), 7.44 (IH, s), 7.51
(1H, .t J=8.0Hz),779(1H_ ,t,J=84Hz),7.80(1H,  ,d,J=8.4
Hz), 8.30 (IH,_ . t, J = 8.4 Hz), 13.07 (IH_,, s); “C NMR: (CDCl,)
d (ppm) 55.9, 95.1, 106.1,116.1, 117.6,1199, 120.7, 124.0, 125.9, 131.5,
135.7,136.6, 156.1, 157.8, 163.6, 164.3, 166.8, 180.9. Anal. calcd for
C,,H,,BrNOS: C, 50.43; H, 2.96; N, 2.94; found: C, 50.51; H, 3.09; N,
3.03%.
N-(4-Chlorophenyl)-1-hydroxy-3-methoxy-9-oxo-9H-xanthene-
4-sulfonamide (40): Cream solid (EtOH); m.p. 237-241 °C; R, = 0.34
(70% ethyl acetate 30% n-hexane); IR: (KBr, cm™) 3440 (O-H), 3209
(N-H), 1659 (CO), 1399, 1175 (SO,); 'H NMR: (CDCl,)  (ppm) 4.14
(3H,,,.» 8), 6.43 (1H__ .s), 710 2H__ ,d,J=8.8 Hz), 7.26 (IH
7.18-7.21 2H, , m), 748 (1H .t J =72 Hz), 767 (IH __, d J=
8.0Hz),7.83 (IH .t J=72Hz),826(IH . d,J=28.0Hz),13.95
(IH,,;» 8); "C NMR: (DMSO-d,) & (ppm) 55.9, 95.1, 106.1, 117.6, 120.7,
121.3, 124.0, 125.9, 127.9, 129.8, 135.2, 135.7, 156.1, 1578, 163.6, 164.3,
166.8, 180.9. Anal. caled for C, H ,CINOS: C, 55.62; H, 3.27; N, 3.24;
found: C, 55.41; H, 3.39; N, 3.20%.
N-(3-Chlorophenyl)-1-hydroxy-3-methoxy-9-oxo-9H-xanthene-
4-sulfonamide (4p): Cream solid (EtOH); m.p. 231-235 °C; R, = 0.38
(70% ethyl acetate 30% n-hexane); IR: (KBr, cm™) 3457 (O-H), 3271
(N-H), 1647 (CO), 1388, 1148(SO,); 'H NMR: (CDCL,) & (ppm)
413(3H,,,., 8), 6.47(1H,  ,s), 703 (IH . t,J=6.0Hz), 715 (IH__,
t,/=80Hz),721 2H_ ,d,J=92Hz),7.38 (IH,s), 748 (IH__ .t
J=76Hz),770 (1H, ,d,J=8.4Hz), 784 (1H .t J=8.8Hz),8.26
(I1H, .d,J=8.0Hz), 13.71 (1H,,, s); "C NMR: (CDCl,) & (ppm) 57.6,
95.13, 102.9, 112.0, 117.6, 118.6, 119.9, 120.7, 123.4, 125.7, 130.3, 131.4,
135.2,136.3, 138.8, 155.5, 155.6, 164.0, 165.1, 169.4, 180.8. Anal. calcd
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for CZOHHCINOOS: C, 55.62; H, 3.27; N, 3.24; found: C, 55.72; H, 3.41;
N, 3.22%.
N-(2-Chlorophenyl)-1-hydroxy-3-methoxy-9-oxo-9H-xanthene-4-
sulfonamide (4q): Cream solid (EtOH); m.p. 134-138 °C; R, = 0.33
(70% ethyl acetate 30% n-hexane); IR: (KBr, cm™) 3474 (O-H), 3226
(N-H), 1664 (CO), 1374, 1178 (SO,); '"H NMR: (CDCl,) & (ppm) 4.09
(BHgy» 8)> 6,44 (IH_ , s), 6.95-7.10 BH_ .\ M), 7.13-7.29 (1H
m),7.37(1H,  ,d,J=8.0Hz), 747 (1H_ .t,J=8.0Hz),7.65(H_ ,
d,J=8.0Hz), 782 (1H_ .t J=8.0Hz),826(1H_ ,d,J=8.0Hz),
1391 (1H,,, s). Anal. caled for C, H ,CINOS: C, 55.62; H, 3.27; N,
3.24; found: C, 55.70; H, 3.31; N, 3.18%.
N-(2,4-Dichlorophenyl)-1-hydroxy-3-methoxy-9-oxo-9H-xanthene-
4-sulfonamide (4r): Brown solid (EtOH); m.p. 144-148 °C; R, = 0.50
(70% ethyl acetate 30% n-hexane); IR: (KBr, cm™) 3474 (O-H), 3303
(N-H), 1657 (CO), 1396, 1156 (SO, ); 'H NMR: (CDCl,) & (ppm)
4.13 3H,,., 8), 6.41 (1H__ .s), 6.63 (IH__ ,d,J=28.0 Hz), 6.98-7.05
(2H, > m), 7.25 (IH,, s), 745 (1H . t,J =72 Hz), 7.67 (1H__ ,d,
J=84Hz),780 (H,_ ,d,J=72Hz),822(H,  ,d,J=6.8Hz),
13.90 (1H,;, s). Anal. caled for C, H ,CINOS: C, 51.52; H, 2.81; N,
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3.00; found: C, 51.70; H, 3.01; N, 3.11%.
1-Hydroxy-3-methoxy-N-(3-nitrophenyl)-9-oxo-9H-xanthene-
4-sulfonamide (4s): Brown solid (EtOH); m.p. 172-176 °C; R, =0.48
(50% ethyl acetate 50% n-hexane); IR: (KBr, cm™) 3430 (O-H), 3267
(N-H), 1650 (CO), 1380, 1163 (SO,); 'H NMR: (CDCL,) & (ppm)
4.15 3H,,., ), 6.50 (1H__ ,s), 6.54 (1H__,s), 6.83-7.03 (IH__ , m),
7.29-7.39 (2H, ., m), 7.50 (1H,, s) 7.65-7.69 (1H__ . m), 7.92-7.93
(1H, . m), 8.09-8.10 (1H, , m), 8.25-8.33 (IH _ ,m), 13.95 (1H,,
s); "C NMR: (CDCL,) & (ppm) 55.8, 94.7, 102.5, 107.7, 113.1, 113.9,
117.2,123.4,124.3, 125.1, 125.5, 130.4, 135.4, 138.6, 148.7, 155.6, 157.1,
162.6, 166.1, 179.9. Anal. caled for C, H N,O,S : C, 54.30; H, 3.19; N,
6.33; found: C, 54.50; H, 3.31; N, 6.18%.
1-Hydroxy-3-methoxy-9-oxo-N-(thiazol-2-yl)-9H-xanthene-4-
sulfonamide (4t): Light brown solid (EtOH); m.p. 172-176 °C; R, =
0.25 (ethyl acetate); IR: (KBr, cm™) 3428 (O-H), 3130 (N-H), 1660
(CO), 1403, 1187 (SO, ); 'H NMR: (CDCL,) § (ppm) 4.14 (3H
642(IH  ,s),6.64(1H .d,J=76Hz),727(1H_ ,d,J=90Hz),
726 (IH ,, 9), 746 (1H, . t,J=7.6Hz),7.67 (IH _ ,d,J=84Haz),
781 (1H, .t J=76Hz), 824 (IH_ .t J=28.0 Hz), 13.90 (1IH

arom rom OH’

s). Anal. calcd for C_H N O S : C, 50.49; H, 2.99; N, 6.93; found: C,
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50.70; H,3.07; N, 6.78%.

omer S)»

arom’

Antibacterial activity

The antibacterial activities of the synthetic compounds were
tested against a Gram-negative: E. coli (ATCC25922) and
a Gram-positive bacterial strain: S. aureus (ATCC 25213).
In vitro activities of the xanthone sulfonamides were tested
in nutrient broth for bacteria by the two-fold serial dilution
method. The turbidity of all the bacterial cultures was adjusted
to 0.5 McFarland standards in order to achieve a concentration
of 1.5710® bacterial colony-forming units (CFU) mL". Each test
compound (50 mg) was dissolved in DMSO (0.5 mL) and the
solution was diluted with water (4.5 mL) to give a stock solution
of 10,000 ug mL™" of each compound. Further progressive double
dilution with Muller—Hinton broth was performed to obtain the
required concentrations of 1000, 500, 250, 125 and 62.5 ug mL".
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To ensure that the solvent had no effect on the bacterial growth,
a control test was performed with a test medium supplemented
with DMSO at the same dilutions as used in the experiment.
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