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We have attempted to prepare some 2-phenyl-4 H-benzo[5]-
thiopyran-4-ones (thioflavones) which exhibit antimicrobial
activity®. It is well known that polyphosphoric acid (PPA)
promotes the cyclization of benzenethiols (1) with f-keto es-
ters to 4H-benzo[h]thiopyran-4-ones (thiochromones)?. It
has been reported that this method affords the thiochrom-
ones (4) free from the isomeric thiocoumarins (5). However,
we have now found that the reaction of 3,5-dimethoxybenz-
enethiol (1d) with ethyl benzoylacetate (3a) yields a mixture
of the corresponding thioflavone (4da) and thiocoumarin
(3da). In this communication, we report an improved syn-
thesis of methoxy-substituted thioflavones from ¢-butyithio-
benzenes (2). The results are compared with the known pre-
paration of compounds 4 from the corresponding benzene-
thiols (1).
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Table 1. +-Butylthiobenzenes (2) prepared

‘H-N.M.R.

Prod- Yield b.p.*  Molecular

ut  [%] [°C}/ Formula® (CDClL;/TMS;,)
torr or Lit. b.p. d [ppm]

[“Cl/torr

2. 70 60°/ 73°/53 1.26 (s. 9H); 7.26--7.65 (m,
0.3 51

2b 51 7570 142°/504 1.22 (s, 9H); 2.29 (s, 3H);
03 7.06 (d, J = 8 Hz, 2H); 7.38

(d, /=8 Hz, 2H)

1.25 (s, 9H); 3.77 (s, 3H);
6.80 (d, J =9 Hz, 2H); 7.41
(d, J=9 Hz, 2H)

1.30 (s, 9H); 3.79 (s, 6H);
6.45-6.55 (m, 2H); 6.72 (d,
J=24Hz, 1H)

2¢ N 120°/  C;;H,,08
0.2 (196.3)

220 200 Cp,l,,0,8
035  (226.3)

¢ Kugelrohr distillation.
® The microanalyses were in satisfactory agreement with the cal-
culated values: C - 0.30, H +0.32.

Table 2. Thioflavones 4 and Thiocoumarins 5 prepared.

Educts
lor2 R! R? R? 3 R* R>
a H H H a H H
b H CH, H a H H
¢ H OCH; H a H H
¢ H OCH; H b H OCH,
d OCH, H OCH, a H H
d OCH; H OCH, c OCH; OCH,
? Method A starting from 2.
" Method B starting from 1.
R3 SH , R S—C,4Hg-t
Ref.
Rr? R2
R! R!
1 2
RL
RS
0 (3) / PPA, 90-100°C
C,Hs00C
R3 S0
2 =
and/or R R!
L,
RS
5

The required r-butylthiobenzenes 2a—d are prepared by a
known procedure? (Table 1). The cyclization of compounds 2
with 3a, bin PPA at 90-100°C for 1 h gives the correspon-
ding thioflavones 4 (Table 2). In the case of the dimethoxy
compound 4c¢b. the yield of the modified procedure (Method
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A)is 73 % compared to 12 % obtained in the original syn-
thesis (Method B). Furthermore, the thiochromone 4da is
the only product isolated {rom the reaction of 2d with 3a
(Method A), whereas in the reaction starting from Id
(Method B) a mixture of 4da and of the isomeric thiocoum-
arin Sda results.

In order to investigate the scope of the Method A, we have
subjected some further simple 7-butylthiobenzene such as
2a—cto the cyclization reaction. The corresponding thioflav-
ones 4 are obtained in 37- 80 % yield. From the reaction of
2d as well as 1d with 3¢ possessing two methoxy groups, no
thioflavone derivative can be isolated. However, the thio-
coumarin 5de is found in low yield.

The structures of thiocoumarins Sda and Sde have been con-
firmed on the basis of characterized mass spectra in which the
base peak is due to the [M — 28] fragment ion™°. The thio-
flavones 4 have been characterized by spectral data and by
direct comparison with authentic samples prepared by
Method B.

Prod-  Yield [%] m.p. Molecular formula®

uct e [*C] or Lit. m.p. ["C]
A* B

4aa 80 774 123-124° 1241267

4ba 49 719 147-149° 15472

dea 37 509 155-157° 1577

4ch 73 12 161-162° C,-H,0:S (298.4)

4da 16 7 145--146° C,-H 40,8 (298.4)

Sda —~ 16 104-106° C,,H ;0,8 (298.4)

Sde 59 23 157159 CoH 5058 (358.4)

¢ Satisfactory microanalyses obtained: C +0.30, H +0.33.
¢ Yields of 80 -90 % are reported in Ref. 2.

t-Butylthiobenzenes 2; General Procedure:

Compounds 2 arc prepared by a procedure adapted from Ref.*,
Isobutene (0.086 mol) is bubbled through stirred 75% sulfuric acid
(43 g) kept in an ice-bath. Then the appropriate benzenethiol® (1:
0.043 mol) 1s added dropwise with stirring. The mixture is kept at
room temperature or 30°C for 1 h. Crushed ice (80 g) is added to the
mixture, after which it is extracted with ether (3 x 100 ml). The ex-
tract is washed with water (3 x 80 ml), then dried with magnesium
sulfate, and concentrated. The residual oil is purified by Kugelrohr
distillation under reduced pressure or by column chromatography
on silica gel using benzene as cluent.

2-Aryl-4H-benzo[ h]thiopyran-4-ones(4); General Procedure:
Method A: A mixture of r-butylthiobenzene (2; 0.014 mol) and
ethyl benzoylacetate® (3; 0.021 mol) is added to PPA (30 g) at 80°C
with stirring and kept for 1 h at 90--100°C. The reaction mixture is
poured into ice-water (100 ml) and then the resulting solid is filtered
and washed with water (5 x 100 ml). The curde product is purified
by column chromatography on silica gel using benzene/acetone
(10/1) as eluent or by recrystallization from ethanol.

Method B: The method of preparation from benzenethiols 1 fol-
lows the procedure of Bossert?. A mixture of benzenethicl (1:
0.029 mol) and ethyl benzoylacetate® (3; 0.036 mol) is added to PPA
(62 g) and then stirred for 1 h at 90--100°C. The mixture is worked
up as described above to afford compounds 4 andor 5.
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