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Thioxanthone derivatives have been shown to possess
two useful properties such as the medicinal and the
photoinitiation activities [1-9]. As a part of a basic
study on novel photoinitiators and drugs from thioxan-
thone derivatives, the synthesis of 2-alkylamino- and
2-acet (or benz)amidothioxanthones was investigated.
The most useful method for the formation of the thiox-
anthone ring is a [6+0] cyclization of phenylthiobenzoic
acids with concentrated sulfuric acid [10, 11].
Phenylthiobenzoic acids are prepared from the corre-
sponding arylmercaptans and aryl halides by the
Ullmann reaction [10].

2-Aminothioxanthone (5) prepared from 2-nitrothioxan-
thone (4) is a useful starting material for the synthesis of
2-alkylamino, 2-alkanamido- and 2-benzamidothioxan-
thones. Arur et al. [5] and Minzhao et al. [12] prepared
2-nitrothioxanthone from 2-chloro-5-nitrobenzoic acid
and thiophenol in two steps. Because the two raw materi-
als are expensive, we chose thiosalicylic acid and
p-nitrochlorobenzene as the starting materials for the syn-
thesis of 2-nitrothioxanthone.

In this paper, we report the results of the synthesis of
some 2-alkylamino- and 2-acetamido- (or benzamido)-
thioxanthones and their 10,10-dioxides.
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In the first preparation of 3 from 1 and 2 under Ullmann
conditions, we found by-products on the tlc plate. Thus,
after reacting thiosalicylic acid with ethanolic sodium
ethoxide, the resulting salt of 1 was then condensed with
2 to give 3 in 83% yield. First, when the synthesis of 4
was cyclized with concentrated sulfuric acid, we obtained
4 in low yield along with several impurities. Therefore,
we chose more mild acids such as polyphosphoric acid or
acetic acid as the cyclization solvent. Cyclization of 3 in
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polyphosphoric acid/acetic acid (3:1, w/v) under reflux
condition (140°) afforded 2-nitrothioxanthone (4) in 80%
yield. Treatment of 3 with only polyphosphoric acid or
with acetic acid, however, did not give compound 4. The
structures of 3 and 4 were established by ir, nmr and ele-
mental analysis. The infrared spectrum of 4 showed the
absorption bands of a carbonyl group (1650 cm'l) and a
nitro group (1520, 1340 cm-1), but the bands for a car-
boxylic acid group of 3 were not detected.

Reduction [13] of 4 with iron/ammonium chioride in
ethanol/water under reflux conditions gave only the corre-
sponding 2-amino derivative 5 in 90% yield. The struc-
ture of § was established by ir, nmr and elemental analy-
sis. The infrared spectrum of 5 revealed the absorption
bands of a carbonyl group (1640 cm-!) and an amino

gave 8c in 37% yield and 9 in 25% yield. The struc-
tures of 6-9 were established by ir, nmr and elemental
analysis.

On the other hand, we attempted the synthesis of
2-substituted-thioxanthone 10,10-dioxides. Compound
11 was prepared from 4 via 5§ (Method A) or 10
(Method B), respectively. Compound 4 was oxidized by
m-chloroperoxybenzoic acid in chloroform to 10 in 70%
yield. Reduction of 10 with iron/ammonium chloride in
ethanol/water gave 11 in 75% yield. Oxidation of § with
m-chloroperoxybenzoic acid in chloroform yielded 11 in
75% yield. Treatment of 6 or 7 with m-chloroperoxy-
benzoic acid in chloroform furnished the corresponding
dioxides 12 in 56-89% yield. The structures of 10-12
were established by ir, nmr and elemental analysis.
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group (3400, 3250 cmrl). The proton magnetic resonance
spectrum of 5 showed the proton signal of the amino
group at 8 5.71 ppm.

Acylation of 5 with alkanoic acid anhydrides gave
the corresponding 2-acetamido derivatives 6 in 74-96%
yield. Reaction of 5 with benzoic acid halides also
yielded the corresponding 2-benzamido derivatives 7 in
76-91% yield. Alkylation of 5 with methyl iodide or
benzyl bromide in the presence of potassium carbonate
afforded the corresponding N-alkyl derivatives 8a or
8b in low yield. Whereas, treatment of 5§ with p-bromo-
benzyl bromide in the presence of potassium carbonate

Further work including the biological activity, the elec-
trochemical properties and the photoinitiation activity are
under way in our laboratory.
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Compound  Solvent
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Table 1
Yields, Melting Points and Infrared Spectral Data of 3-12

Yield mp (°C)
(%) (lit mp)
83  232-234
80  226-228
(227) [5]
90  231-233
(227) [5]
74  247-248
(242-244)
(14]
96  218-220
86  220-223
76  225-228
89  220-222
91 295-297
28 150-152
36 164-166
37 204-206
25  200-203
90  268-270
75  230-233
87  242-244
80  220-221
56  250-252
76 221-223
72 250-253
89  275-277

(a]

leRvRviv)

o UOUuouo

IR (potassium bromide)
(em!)

3300-2500 (m), 1680, 1600, 1530,
1350, 1260, 860, 750
1650, 1600, 1520, 1340, 750

3400, 3250, 1640, 1600, 1500, 1460,
1360, 1340, 750

3340, 1690, 1630, 1600, 1530, 1320,
760

3300, 3120, 1740, 1640, 1600, 1500,
1340, 1300, 1220, 1170, 760

3310, 1730, 1630, 1580, 1530, 1410,
740

3250, 1660, 1640, 1600, 1530, 1420,
1340, 1280, 780, 710

3310, 1670, 1630, 1600, 1520, 1480,
1320, 760

3350, 1690, 1640, 1600, 1540, 1490,
1330, 760

3300, 1640, 1600, 1590, 1500, 1350,
1280, 740

3380, 1640, 1600, 1590, 1340, 800,
750

3380, 3000, 2900, 1640, 1600, 1350,
750

3000, 2900, 1640, 1600, 1480, 1440,
1390, 1000, 740

3100, 1690, 1600, 1550, 1330, 1310,
1180, 780

3510, 3400, 1680, 1630, 1600, 1500,
1450, 1350, 1300, 1170, 1130, 760
3380, 1720, 1680, 1600, 1540, 1300,
1240, 1170, 1120, 760

3380, 2980, 1720, 1680, 1600, 1540,
1300, 1240, 1170, 1120, 760

3350, 1720, 1680, 1600, 1530, 1300,
1150, 1120, 760

3360, 1680, 1600, 1540, 1300, 1150,
1120, 760, 720

3390, 1690, 1680, 1590, 1540, 1510,
1410, 1300, 1150, 1120, 760

3400, 1700, 1680, 1590, 1540, 1500,
1420, 1340, 1160, 1260, 1130, 760

EXPERIMENTAL

Melting points were determined with a Thomas-Hoover capil-
lary apparatus and are uncorrected. Magnetic resonance spectra
were obtained on a Varian Unity Plus 300 or a Bruker FTNMR-
DRX 500 spectrometer with chemical shift values reported in &
units (part per million) relative to an internal standard (tetra-
methylsilane). Infrared spectral data were obtained on a Hitachi
270-50 spectrophotometer. Elemental analyses were performed
with a Perkin Elmer 240C. Open-bed chromatography was car-
ried out silica gel 60 (70-230 mesh, Merck) using gravity flow.
The column was packed as slurries with the elution solvent.

2-Carboxy-4"-nitrodipheny! Sulfide (3).

Thiosalicylic acid (1, 1.54 g, 10 mmoles) was dissolved in
ethanol (30 ml). After adding ethanolic sodium ethoxide (25 ml,
2%) with stirring, the solvent was evaporated under reduced
pressure. The resulting residue was dissolved in dimethyl-
formamide (30 ml). p-Chloronitrobenzene (2, 1.8 g, 11.4
mmoles) was added to the solution. The reaction mixture was
refluxed for 3 hours. After cooling to room temperature, water
(60 ml) was added with stirring. The resulting precipitate was
filtered and dissolved in aqueous potassium carbonate solution
(50 ml, 5%). The solution was washed with chloroform (30 ml)
to remove excess p-chloronitrobenzene. The water solution was
neutralized with aqueous hydrochloric acid (15 ml, 15%). The
resulting precipitate was filtered, washed with methanol (5 ml)
and dried in air to give 3 in 83% (2.3 g) yield.

2-Nitrothioxanthone (4).

A mixture of polyphosphoric acid (90 g, phosphorus pentoxide
85%/phosphoric acid 115%) and acetic acid (30 ml) was heated.
Compound 3 (3 g, 10.9 mmoles) was added slowly to the acid solu-
tion. The mixture was allowed to react for 1 hour at 140° with stir-
ring. After cooling to room temperature, the mixture was poured
into ice water (50 ml) with stirring. The product was extracted with
chloroform (300 ml). The chloroform solution was dried over anhy-
drous magnesium sulfate and evaporated under reduced pressure.
The resulting residue was dissolved in chloroform (200 ml). After
adding an aqueous potassium carbonate solution (50 ml, 5%), the
solution was stirred for 0.5 hours at room temperature. The organic
layer was separated using a separatory funnel and concentrated until
the formation of crystals. The resulting crystals were filtered and
dried in air to give 4 in 80% yield (2.24 g).

Table 2
1H NMR Spectral Data for 3-12

ITH NMR (8§, ppm)
[b]

7.20 (t, 1H, J = 7.5), 7.47 (m, 2H), 7.59 (d, 2H, ] = 8.9), 7.94 (dd, 1H, J = 1.5), 8.23 (dd, 2H, J = 1.8), 13.50 (bs, OH)

7.69 (m, 1H), 7.87 (m, 1H), 7.96 (t, 1H,J = 7.5, 1.0), 8.17 (d, 1H, J = 8.9), 8.51 (m, 2H), 9.12 (d, IH, J = 2.6)

5.71 (s, NHy), 7.12 (, 1H, I = 6.6, 1.9), 7.53 (t, 2H, J = 5.7, 8.2), 7.74 (m, 3H), 8.46 (d, 1H, ] = 8.0}

2.09 (s, 3H), 7.58 (1, 1H, T = 7.0, 7.8), 7.81 (m, 3H), 8.04 (dd, 1H, J = 2.3), 8.47 (d, 1H, J = 8.0), 8.72 (d, 1H, J = 2.1), 10.36

(bs, NH)

7.61 (t, 1H, J = 7.5, 7.1), 7.85 (m, 3H), 8.09 (dd, 1H, J = 2.0), 8.48 (d, 1H, J =7.9), 8.84 (d, 1H, ] = 1.7), 11.64 (bs, NH)
4.23 (s, 2H), 7.59 (s, 1H), 7.82 (t, 3H, ] = 6.5, 15.7), 8.04 (d, IH, J = 8.0), 8.48 (d, 1H, J = 7.3), 8.73 (s, 1H), 10.72 (bs, NH)
7.61 (m, 4H), 7.81 (m, 3H), 8.04 (t, 2H, J = 6.8, 1.3), 8.26 (dd, 1H, J = 2.3), 8.50 (d, 1H, J =7.7), 8.97 (d, 1H,J =2.3), 10.67

(bs, NH)

2.40 (s, 3H), 7.37 (d, 2H,J = 7.9), 7.59 (1, 1H, I = 7.5), 7.81 (m, 3H), 7.95 (d, 2H, J = 7.9), 8.28 (dd, 1H, J = 2.3), 8.50 (d,
1H, J = 8.0), 8.95 (s, LH), 10.57 (bs, NH)
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Table 2 (continued)
IH NMR Spectral Data for 3-12

'H NMR (3, ppm)
{b]

7.62 (dd, 3H,J =8.4,7.5),7.79 (t, 1H,1 = 7.0, 7.9), 7.87 (d, 2H, J = 10.1), 8.06(d, 2H, J = 8.2), 8.26 (d, 1H, J = 8.9), 8.50 (d,
1H, J = 8.1), 8.93 (s, 1H), 10.71 (bs, NH)

2.78(d, 3H,J=4.7), 6.29 (d, NH, ] = 4.9), 7.13 (dd, 1H, I = 2.7), 7.54 (m, 3H), 7.71 (m, 1H), 7.79 (d, 1H, J = 8.0), 8.46 (1,
1H,J=71,11)

4.39 (s, 2H), 6.90 (bs, NH), 7.22 (dd, 2H, ] = 6.3, 8.8), 7.37 (1, 4H,J = 7.8, 7.3), 7.55 (d, = 8.8), 7.74 (dd, 2H, ] = 7.5, 6.4),
8.42(d, 1H,1=17.7)

4.37 (s, 2H), 6.94 (bs, NH), 7.17 (dd, 1H, J = 2.2), 7.36 (d, 2H, J = 8.1), 7.53 (m, 5H), 7.70 (t, 1H,J = 7.0, 7.7), 7.77 (d, 1H,
J=8.0),842(d, 1H,J =8.0)

4.82 (s, 4H), 7.26 (d, 5H, J = 8.3), 7.54 (d, 5H, T = 7.8), 7.62 (1, 2H, ] = 3.4, 4.9), 7.71 (t, 1H,1 = 6.9, 8.2), 7.78 (d, IH, J =
8.0), 7.78 (d, 1H, ] = 8.0), 8.39 (d, 1H, J =8.0)

8.03(t, 1H,T=7.4,7.2),8.13 (t, 1H,J=5.9,7.2),8.30 (d, 1H, ] =7.5),8.37 (d, 1H,J = 7.4), 8.53 (d, 1H, J = 8.6), 8.78 (1,
1H, J =2.0, 6.5), 8.86 (s, 1H)

6.57 (s, NH,), 7.03 (d, 1H, J = 8.3), 7.35 (s, 1H), 7.82 (d, I1H,J = 8.5), 7.90 (t, IH, J=7.5,7.3),8.01 (t, 1H,1=7.1,7.5),
8.14(d, 1H,J =17.6),8.22(d, 1H,J = 7.6)

2.15 (s, 3H), 7.96 (1, 1H, 7.6, 7.5), 8.05 (t, 1H, ] = 6.1, 7.6), 8.19 (m, 3H), 8.29 (d, 1H,J =7.5), 8.51 (d, 1H, J = 1.3), 10.69
(bs, NH)

7.95 (1, 1H, J = 7.6), 8.04 (t, 1H, J = 7.6), 8.19 (m, 3H), 8.30 (d, 1H, J =7.5), 8.50 (d, 1H, J = 1.3), 10.93 (bs, NH)

4.38 (s, 2H), 7.96 (1, 1H, I = 7.7, 7.5), 8.06 (1, 1H, J = 6.7, 7.6),-8.21 (d, 3H, ] = 4.4), 8.30 (d, 1H, ] = 7.4), 8.52 (s, 1H),
11.06 (bs, NH)

7.61 (m, 3H), 8.03 (m, 4H), 8.24 (m, 2H), 8.31 (d4, 1H, T =0.7, 1.0), 8.49 (dd, 1H,J = 2.1,2.2), 8.77 (d, 1H, I = 2.1), 10.94

(bs, NH)

=)

8.77(dd, 1H, J = 2.3, 2.1), 10.84 (bs, NH)
D 7.60 (d, 2H, J = 8.4), 7.97 (t, 1H, J = 7.6, 7.4), 8.07 (t, 3H,J = 4.5, 8.4), 8.28 (m, 3H), 8.47 (d, 1H,J=8.7),8.75(d, 1H, I =
1.5), 10.98 (bs, NH)

2.41 (s, 3H), 7.39 (d, 2H, J = 8.1), 7.97 (m, 3H), 8.07 (m, 1H), 8.24 (m, 2H), 8.31 (dd, 1H, J = 1.0), 8.49 (dd, 1H, J = 2.2),

[a] Solvent; D = Dimethyl-dg sulfoxide. [b] Abbriviations used; s = singlet, d = doublet, dd = double doublet, t = triplet, bs = broad singlet, m = multi-
plet, J = in Herz unit. All NH and OH proton signals were exchangeable with deuterium oxide.

Compound
No.

6a

6b

Ta
7b
Tc
8a

8b

Table 3 (continued)

Table 3
Elemental Analytical Data of 3-12 Compound Molecular Elemental Analyses (%)
No. Formula (Calcd./Found)
Molecular Elemental Analyses (%) C H N S
Formula (Calcd./Found)
c H L S 9 CyHgNOSBr,  57.37 339 248 5.67
. 5710 331 251 5.65
C13HoNO,S TP e U R LE 10 C,3H,NOsS 5398 244 484 11.08
5678 328 520 11.74 ol T
C13HNO5S 60.69 274 544 80 1 C,3HgNO;S 6022 350 540 12.37
60.75 255 343 2 5998 348  5.50 12.50
C13HgNOS 68.70 399 616 Gl 12a  CsH NO,S 5079 368  4.65 10.64
6892 390 617 1431 v I e
CisHNOS (RS c el 11.90 12b  CsHgNO,SF; 5071 227 394  9.02
6712 399 515 12.04 om0
SIEE MO AT S NG e 12¢  CusHgNOSCI 5366 300 417 955
c 5586 256 464 9.93 5388 296 415  9.52
sHioNO,SCl 5931 332 461 10.55 124 CygHpNOS gl e o
5948 343 4.69 10.65 ey Sy B
Ca0H13NO,S [ R 122 CyH;sNO,S 6683 401 371 849
7268 396 438 955 o Ry = 5
C21H5sNO,S 7302 438 406 928 12f CyHpNO,SCI 6038 304 352 806
7330 455 416 934
60.56 325 355 819
CyH2NO,SCI 6566 331 3.83 8.76
6556 332 383 8.92
C,4HNOS 69.68 4.59 5.80 13.29 2-Aminothioxanthone (5).
69.85 457 563 13.11 ‘
CZOHISNOS 75.68 4.76 4.41 10.10 A mixture was 4 (1.3 g, 5.05 mmoles), ethanol (200 m]),
7569  4.98 425 10.40 water (60 ml), ammonium chloride (1.64 g, 30.65 mmoles) and
CyoH 4NOSBr 60.62 356  3.53 8.09 iron (0.9 g, 16.12 mmoles) was refluxed for 3 hours. After
60.75 3.74 3.60 7.89 removal of the inorganic substances by filtration using silica gel,
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the residue was washed with ethanol (30 ml). The combined fil-
trate was concentrated under reduced pressure. The product was
extracted with chloroform (150 ml). The chloroform solution
was dried over anhydrous magnesium sulfate and evaporated to
give 5in 90% (1.03 g) yield.

2-Acetamidothioxanthone (6a).

A mixture of acetic acid (30 ml), acetic anhydride (3.25 g,
31.8 mmoles) and 5 (0.21 g, 0.92 mmole) was stirred for 1 hour.
at room temperature. After adding water (50 ml) with stirring,
the precipitate was filtered and washed with water (50 ml x 4)
and methanol (3 ml). The resulting precipitate was recrystallized
from chloroform to give 6a in 74% yield (0.17 g).

2-Trifluoroacetamidothioxanthone (6b).

A solution of trifluoroacetic anhydride (20 mi) and 5 (0.23 g,
0.88 mmole) was stirred for 2 hours. After evaporating the sol-
vent under reduced pressure, the residue was dissolved in chlo-
roform (70 ml). Ethanol (20 ml) was added to the solution. The
mixture was concentrated to about 20 ml. After adding n-hexane
(30 ml) to the residue with stirring, the resulting precipitate was
filtered and dried in air to give 6b in 96% yield (0.31 g).

2-Chloroacetamidothioxanthone (6c¢).

A solution of acetic acid (40 ml), 5 (0.21 g, 0.92 mmole) and
chloroacetic anhydride (1 g, 5.88 mmoles) was stirred for 1
hour. After adding water (40 ml) with stirring, the resulting pre-
cipitate was filtered and washed with ethanol (3 ml) to give 6¢
as yellow powder in 86% yield (0.23 g).

2-Benzamidothioxanthone (7a).

A mixture of 5 (0.23 g, 1 mmoles), chloroform (30 ml), tri-
ethylamine (0.14 g, 1 mmole) and benzoyl chloride (0.242 g,
1.72 mmoles) was stirred for 2 hours at room temperature. After
adding water (20 ml) with stirring, the organic layer was sepa-
rated and dried over anhydrous magnesium sulfate. The solvent
was evaporated under reduced pressure. The resulting crystals
were washed with methanol (10 ml) and then with n-hexane to
give 7a in 76% yield (0.26 g).

2-(p-Methylbenzamido)thioxanthone (7b).

A mixture of p-toluoyl chloride (0.386 g, 2.5 mmoles), 5 (0.23 g,
1 mmole), triethylamine (0.14 ml, 1 mmole) and chloroform (40
ml) was allowed to react for 1.5 hours at room temperature with
stirring. After adding chloroform (30 ml) and water (20 ml) with
stirring for 0.5 hours, the organic layer was separated and dried over
anhydrous magnesium sulfate. The solvent was evaporated under
reduced pressure. The resulting residue was washed with methanol
(30 ml) and dried in air to give 7b in 89% yield (0.31 g).

2-(p-Chlorobenzamido)thioxanthone (7c).

A solution of 5 (0.2 g, 0.88 mmole), p-chlorobenzoyl chloride
(0.275 g, 1.57 mmoles), triethyl amine (0.15 g, 1.43 mmoles)
and chloroform (40 ml) was stirred for 2 hours at room tempera-
ture. After adding water (40 ml) with stirring for 0.5 hours, the
organic layer was separated and dried over anhydrous magne-
sium sulfate. The solvent was evaporated under reduced pres-
sure. The resulting residue was washed with ethanol (20 ml) and
dried in air to afford 7¢ in 91% yield (0.288 g).

2-Methylaminothioxanthone (8a).

A solution of 5 (0.21 g, 0.92 mmole), potassium carbonate
(0.13 g, 0.94 mmole), methyl iodide (0.23 g, 1.62 mmoles) and

Synthesis of Some 2-Substituted-thioxanthones 797

dimethylformamide (10 ml) was stirred for 7 hours at room tem-
perature. After adding water (50 ml) with stirring, the product
was extracted with chloroform (50 ml). The organic layer was
dried over anhydrous magnesium sulfate and evaporated under
reduced pressure. The residue was triturated in n-hexane. The
resulting precipitate was filtered and dissolved in chloroform (20
ml). The chloroform solution was applied to the top of an open-
bed silica gel column (3 x 15 cm). The column was eluted with
chioroform. Fractions containing the product (Rf = 0.55, chloro-
form/methanol = 5:0.1, v/v) were combined and evaporated
under reduced pressure to give 8a in 28% yield (0.06 g).

2-Benzylaminothioxanthone (8b).

A mixture of § (0.2, 0.88 mmole), potassium carbonate
(0.13 g, 0.94 mmole), benzyl chloride (0.55 g, 4.34 mmoles),
acetonitrile (15 ml) and dimethylformamide (10 ml) was stirred
for 8 hours at 100°. After evaporating the solvent, water (30 ml)
was added to the residue with stirring. The resulting precipitate
was filtered and dissolved in chloroform (20 ml). The chloro-
form solution was then applied to the top of an open-bed silica
gel column (3 x 15 cm). The column was eluted with chloro-
form. Fractions containing the product (Rf = 0.78, chloroform)
were combined and evaporated under reduced pressure to give
8b in 36% yield (0.1 g).

2-(p-Bromobenzylamino)thioxanthone (8¢) and 2-Di(p-bro-
mobenzylamino)thioxanthone (9).

A mixture of 5 (0.2 g, 0.88 mmole), p-bromobenzyl bromide
(0.49 g, 1.96 mmoles), potassium carbonate (0.13 g, 0.94
mmole) acetonitrile (15 ml) and dimethylformamide (15 ml)
was allowed to react for 1.5 hours at 100°. After evaporating
the solvent, water (50 ml) was added to the residue with stir-
ring. The product was extracted with chloroform (80 ml). The
solution was dried over anhydrous magnesium sulfate. The sol-
vent was evaporated under reduced pressure. The residue was
triturated in ethanol (20 ml) and filtered. The resulting precipi-
tate was dissolved in chloroform (10 ml). The chloroform solu-
tion was applied to the top of an open-bed silica gel column
(3 x 15 cm). The column was eluted with chloroform. Fractions
containing 9 (Rf = 0.66, chloroform) were combined and evap-
orated under reduced pressure to give 9 in 25% yield (0.125 g).
Fractions containing 8c (Rf = 0.29, chloroform) were combined
and evaporated under reduced pressure to give 8¢ in 37% yield
(0.13 g).

2-Nitrothioxanthone 10,10-Dioxide (10).

A mixture of 4 (0.26 g, 1 mmole), m-chloroperoxybenzoic
acid (0.63 g, 2 mmoles, 50-56%) and chloroform (30 ml) was
refluxed for 1.5 hours. After cooling to room temperature, the
solvent was evaporated under reduced pressure. To the residue
was added chloroform (200 ml) and aqueous potassium carbon-
ate (5%, 30 ml). After stirring for 0.5 hours at room temperature,
the organic layer was separated and dried over anhydrous mag-
nesium sulfate. The solvent was evaporated under reduced pres-
sure to give S in 70% yield (0.2 g).

2-Aminothioxanthone 10,10-Dioxide (11).
Method A.

A mixure of 5 (0.2 g, 0.88 mmole), m-chloroperoxybenzoic
acid (0.6 g, 1.76 mmoles, 50-60%) and chloroform (30 ml) was
stirred for 1.5 hours at room temperature. After evaporating the
solvent under reduced pressure, ethanol (30 ml) was added to
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the residue with stirring. The resulting precipitate was filtered
and dried in air to give 11 in 75% yield (0.1 g).

Method B.

A solution of 10 (0.15 g, 0.52 mmole), ethanol (40 ml),
ammonium chloride (0.17 g, 3.18 mmoles), water (10 ml) and
iron powder (0.09 g, 1.6 mmoles) was refluxed for 3 hours.
After removal of the inorganic substances by filtration using sil-
ica gel, the residue was washed with ethanol (20 ml). The com-
bined filtrate was evaporated under reduced pressure. The result-
ing residue was washed with water (100 ml) and then with
ethanol (5 ml) to give 11 in 75% yield (0.1 g).

2-Acetamidothioxanthone 10,10-Dioxide (12a).

A mixture of 6a (0.117 g, 0.43 mmole), m-chloroperoxyben-
zoic acid (0.32 g, 1.02 mmoles, 50-60%) and chloroform (40 ml)
was stirred for 1 hour at room temperature. After evaporating
the solvent under reduced pressure, the residue was dissolved in
methanol (20 ml). To the solution was added n-hexane (20 ml)
with stirring. The resulting precipitate was filtered and dried in
air to give 12a in 87% yield (0.12 g).

2-Trifluoroacetamidothioxanthone 10,10-dioxide (12b).

A mixture of 6b (0.16 g, 0.5 mmole), m-chloroperoxybenzoic
acid (0.5 g, 1.45 mmoles, 50-60%) and chloroform (40 ml) was
stirred for 1 hour at room temperature. After concentrating the
solution to 10 ml, methanol (20 ml) was added to the residue
with stirring. The resulting precipitate was filtered and dried in
air to give 12b in 74% yield (0.131 g).

2-Chloroacetamidothioxanthone 10,10-Dioxide (12¢).

A mixture of 6c (0.1 g, 0.33 mmole), m-chloroperoxybenzoic
acid (0.25 g, 0.78 mmole, 50-60%) and chloroform (20 ml) was
stirred for 1 hour at room temperature. After evaporating the sol-
vent under reduced pressure, the residue was triturated in
methanol (20 ml). The resulting precipitate was filtered and
dried in air to give 12¢ in 56% yield (0.06 g).

2-Benzamidothioxanthone 10,10-Dioxide (12d).

A mixture of 7a (0.17 g, 0.51 mmole), m-chloroperoxyben-
zoic acid (0.35 g, 1.12 mmoles, 50-60%) and chloroform (40 ml)
was stirred for 1 hour at room temperature. After evaporating
the solvent under reduced pressure, the residue was dissolved in
ethanol (15 ml). To the solution was added n-hexane (20 ml)
with stirring. The resulting precipitate was filtered and dried in
air to give 12d in 76% yield (0.14 g).

2-(p-Methylbenzamido)thioxanthone 10,10-Dioxide (12e).

A mixture of 7b (0.17 g, 0.49 mmole), m-chloroperoxyben-
zoic acid (0.35 g, 1.12 mmoles, 50-60%) and chloroform (40 ml)

was stirred for 1 hour at room temperature. After evaporating
the solvent under reduced pressure, the residue was dissolved in
ethanol (20 ml). To the solution was added n-hexane (10 ml)
with stirring. The resulting precipitate was filtered and dried in
air to give 12e in 72% yield (0.13 g).

2-(p-Chlorobenzamido)thioxanthone 10,10-Dioxide (12f).

A mixture of 7¢ (0.18 g, 0.49 mmole), m-chloroperoxyben-
zoic acid (0.34 g, 1.08 mmoles, 50-60%) and chioroform (40 ml)
was stirred for 1 hour at room temperature. After evaporating
the solvent under reduced pressure, the residue was triturated in
ethanol (20 ml). The resulting precipitate was filtered and dried
in air to give 12f in 89% yield (0.17 g).
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