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The thioflavone (2-phenyl-4H-1-benzothiopyran-4-one)

derivatives, thio analogues of flavones, have drawn con-

siderable attention because of their profound pharmaco-

logical activities such as antiviral and inhibitory effect of

steroid sulfatase (STS).1 Moreover, 3-enynyl substituted

thioflavones exhibit highly potent antitumor and anticar-

cinogenic effect.2 In general, thioflavones are synthesized by

the condensation of thiophenols with ethyl benzoylacetates

in hot polyphosphoric acid in low to moderate yields.3

Similarly, subsequent cyclization of β-(arylthio)cinnamates,

prepared by the 1,4-addition of aryl thiolates to aryl pro-

piolates, with hot polyphosphoric acid affords the thio-

flavones.4 However, this method is not applicable for the

synthesis of methoxy-substituted thioflavones because com-

petitive cyclization between the cinnamyl aromatic ring and

the sulfur-bearing ring occurs when the cinnamyl ring is

activated by methoxy substituent. 

To circumvent these drawbacks the reaction of S-aroyl

derivatives of thiosalicylic acid with Ph3P=C=C=N-Ph5a,b or

Ph3P=CHSiMe3
5c and 2-(acylmercapto)phenacyl bromides

with Ph3P
6 has been developed, where the acylphosphorane

intermediates undergo intramolecular Wittig cyclization to

afford the thioflavones in moderate to high yields. However,

this reaction proceeds in multiple steps from thiosalicylic

acid at reflux temperature and the separation of phenyl

isocyanate is often tedious. The condensation of poly-

lithiated N-benzoylhydrazones7a and acetoanilides7b using an

excess LDA with methyl salicylate, followed by cyclization/

acidic hydrolysis affords the thioflavones in moderate to

high yields. Also, the condensation of β-keto sulphoxide

derivatives,8 derived from methyl 2-mercaptobenzoate and

sodium methylsulphinylmethide, with benzaldehydes affords

the thioflavones after elimination of sulfoxide at reflux

temperature in low total yields. 

Alternatively, thioflavones are synthesized via thiofla-

vanones. For instance, the cyclization of 3-phenylthiopro-

pionic acid derivatives with Bi(NTf2)3
9 or silver chalconates10

derived from 2'-mercaptoacetophenone and benzaldehydes

affords the thioflavanones, which are successively dehydro-

genated with DDQ to give the thioflavones at reflux temper-

ature. The derivatives of thioflavanones such as their 1-

oxides11 and spirothiadiazolines12 are also dehydrogenated

with Ac2O/TsOH and ceric ammonium nitrate, respectively,

to give the thioflavones after elimination of AcOH and

degradation of spirodiazoline ring, respectively, at high

temperature in multiple steps. Recently, the 1,4-addition of

alkynones which are prepared from the palladium catalyzed

coupling of o-haloaroyl chlorides and terminal alkynes with

NaSH in refluxing EtOH affords the thioflavones in mode-

rate to high yields and this method is applicable for the

synthesis of heterocyclic analogues of thioflavones.13 

As part of our continuing search for thioflavonoids,14 we

describe a new and practical synthesis of thioflavones and

heterocyclic analogues via 1-(2-mercaptophenyl)-3-(hetero)-

aryl-1,3-propanediones from 2'-mercaptoacetophenone. We

became interested in the synthesis of heterocyclic analogues

of thioflavones in which 2-phenyl group is replaced by

heteroaromatic group because a few synthetic methods are

reported.6,15 

2'-Mercaptoacetophenone (1) was efficiently prepared by

the treatment of thiosalicylic acid with 3 equiv of methyl-

lithium in DME for 1 h between −15 oC and 0 oC in 82%

Scheme 1
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yield according to the previous report with modification.16

The S-aroylation of 1 with aroyl chlorides in the presence of

triethylamine proceeded readily in dichloromethane for 0.5 h

at 0 oC. After usual workup, the residue was purified by

short pathway silica gel column chromatography to give

S-2-acetophenyl benzothioates (2a-i) in 90-98% yields

(Scheme 1). The S-heteroaroylation of 1 with heteroaroyl

chlorides proceeded equally well to afford S-2-acetophenyl

heteroaroylthioates (2j-l) in 78-88% yields. 

The key step in thioflavones synthesis involves the intra-

molecular rearrangement of 2 to 1-(2-mercaptophenyl)-3-

(hetero)aryl-1,3-propanediones (3). Initially the treatment of

S-2-acetophenyl benzothioate (2a) with 1 equiv of LDA for

20 h between 0 oC and room temperature to afford 1-(2-

mercaptophenyl)-3-phenyl-1,3-propanedione (3a+3a') after

acidic workup in only 47% yield. However, the rearrange-

ment of 2a to 3a+3a' was completed with 2 equiv of LDA

within 0.5 h between −15 oC and 0 oC. It seems that an

additive equimolar amount of LDA abstracts the C2 methyl-

ene proton of 1-(2-lithiumthiophenoxy)-3-phenyl-1,3-pro-

panedione intermediate, produced by the intramoleular

rearrangement of 2a, to shift equilibrium to the more

stabilized conjugated lithium alkoxide intermediate. Thus

the rearrangement of 2a-i to 3a-i was carried out using 2

equiv of LDA in THF. However, the rearrangement of S-2-

acetophenyl heteroaroylthioates (2j-l) showed several spots

in TLC under the corresponding conditions. The rearrange-

ment of 2j-l was successfully accomplished using 2 equiv of

LDA for 1 h between −78 oC and −40 oC. After usual acidic

workup, the condensed residue was recrystallized twice in

15% EtOAc/n-hexane to give 3 as yellow solids in 78-94%

yields. The 1H NMR spectra of 3 showed C2 methylene

signals at 3.15-3.97 ppm with two doublets interestingly and

3 exist mostly as keto forms. 

To find out an optimum solvent for the cyclodehydration

of 3, 3a+3a' was treated with 1 equiv of sulfuric acid in

various solvents such as HOAc, CH3CN, EtOH, and THF at

room temperature and the desired thioflavone (4a) was

obtained in 96%, 96%, 95%, and 94% yield, respectively,

after 0.5 h, 1 h, 36 h, and 48 h, respectively. Despite of the

rapidity of cyclodehydration in HOAc, it is corrosive,

pungent, and troublesome to separate and therefore CH3CN

was chosen as a suitable solvent for the cyclodehydration of

3. The cyclodehydration of 3a+3a' using 1 equiv of poly-

Table 1. Preparation of compounds 2, 3, and thioflavones and heterocyclic analogues 4 from 2'-mercaptoacetophenone

 Entry  Product
 Isolated yields, %a

 Entry  Product
 Isolated yields, %a

2 3 4 2 3 4

 a  96 82 96 (76)  g  98 90 90 (79)

 b  94 80 91 (68)  h  95 86 96 (78)

 c  90 88 86 (68)  i  96 88 92 (78)

 d  92  91 96 (80)  j  94 88 97 (80)

 e  91 91 98 (81)  k  93 85 94 (74)

 f  98 94 90 (83)  l  87 78 97 (66)

aThe numbers in parentheses indicate the overall yields of three steps from 2'-mercaptoacetophenone 1.
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phosphoric acid in CH3CN at room temperature was also

examined, but the reaction was rather sluggish and afforded

4a after 48 h in 95% yield. Thus, the cyclodehydration of 3

was carried out using sulfuric acid in CH3CN at room

temperature. After usual basic workup, the residue was

recrystallized twice in 10% EtOAc/n-hexane to afford the

thioflavones and heterocyclic analogues (4) in 86-98%

yields.

As shown in Table 1, various thioflavones and hetero-

cyclic analogues were synthesized in overall high yields (66-

83%) from 2'-mercaptoacetophenone 1. The reaction work-

ed well both for the electron withdrawing substituent such as

chloro group (4b, 4c) and electron donating substituents

such as methyl (4d, 4e) and methoxy group (4f-4i) of 2-

substituted phenyl ring. The ortho-substituent on the phenyl

ring of 4b, 4d, and 4f hardly influenced on the aroylation,

rearrangement, and cyclodehydration. Furthermore, this

method was applicable to the synthesis of heterocyclic

thioflavones containing heteroaromatic ring such as 2-furyl

(4j), 2-thienyl (4k), and 3-pyridyl group (4l) in high yields.

In conclusion the present method offers a practical

synthesis of thioflavones and heterocyclic analogues from

2'-mercaptoacetophenone 1. It showed the advantage of high

yields in each step, the versatility of the reaction under the

mild conditions, and could be applied in the synthesis of

heterocyclic thioflavones. 

Experimental Section

Preparation of S-2-Acetophenyl Benzothioate 2a

(General Procedure). To a solution of 2'-mercaptoaceto-

phenone (761 mg, 5.0 mmol) in dichloromethane (20 mL)

was added triethylamine (700 μL, 5.0 mmol) and benzoyl

chloride (703 mg, 5.0 mmol) at 0 oC. After being stirred for

0.5 h at this temperature, the mixture was poured into

saturated NaHCO3 solution (30 mL) and extracted with

dichloromethane (3 × 20 mL). The combined organic phases

were dried over MgSO4, filtered, and concentrated in vacuo.

The residue was purified by short pathway silica gel column

chromatography using 30% EtOAc/n-hexane as an eluant to

give 2a (1.23 g, 96%). 1H NMR (300 MHz, CDCl3) δ 8.00-

8.04 (m, 2H), 7.68-7.71 (m, 1H), 7.57-7.63 (m, 2H), 7.44-

7.53 (m, 4H), 2.59 (s, 3H); 13C NMR (75 MHz, CDCl3) δ

200.9, 189.5, 143.8, 137.1, 136.4, 133.8, 131.2, 129.5,

128.8, 128.4, 127.6, 125.4, 29.4; FT-IR (film) 3060, 2923,

1682 (C=O), 1580, 1447, 1355, 1205, 899, 760, 685 cm−1;

Ms m/z (%) 256 (M+, 5), 151 (31), 134 (10), 105

(C6H5C≡O+, 100), 77 (93). 

Preparation of 1-(2-Mercaptophenyl)-3-phenyl-1,3-

propanedione 3a (General Procedure). To a solution of 2a

(1.03 g, 4.0 mmol) in THF (16 mL) was added LDA (1.8 M,

4.5 mL, 8.1 mmol) at −15 oC under argon atmosphere. The

stirring was continued for 0.5 h between −15 oC and 0 oC

and then the resulting yellow mixture was quenched with 1

N-HCl (5 mL), followed by evaporation of THF in vacuo.

The mixture was poured into 0.5 N-HCl (30 mL), extracted

with dichloromethane (3 × 20 mL), and washed with brine

(30 mL). The combined organic phases were dried over

MgSO4, filtered, and concentrated in vacuo. The residue was

recrystallized twice in 15% EtOAc/n-hexane to give 3a+3a'

(841 mg, 82%) as a pale yellow solid. mp 118-119 oC (lit.14b

116-118 oC); 1H NMR (300 MHz, CDCl3) δ 8.09 (dd, J1 =

8.2 Hz, J2 = 1.5 Hz, 1H), 7.60-7.64 (m, 2H), 7.30-7.40 (m,

4H), 7.14-7.19 (m, 2H), 3.38 (d, J = 16.3 Hz, 1H), 3.18 (d, J

= 16.3 Hz, 1H), 2.93 (s, 1H); 13C NMR (75 MHz, CDCl3) δ

193.8, 143.0, 139.2, 134.4, 130.0, 129.4, 129.3, 129.2,

128.0, 126.0, 125.3, 85.9, 54.1; FT-IR (KBr) 3052, 1652

(C=O), 1583, 1435, 1297, 1110, 857, 761, 719 cm−1; Ms m/z

(%) 256 (M+, 16), 238 (M+-18, 100), 151 (46), 136 (60), 105

(79). 

Preparation of Thioflavone 4a (General Procedure). A

solution of 3a (769 mg, 3.0 mmol) and conc H2SO4 (160 μL,

3.0 mmol) in CH3CN (25 mL) was stirred for 1 h at room

temperature. After evaporation of CH3CN, the mixture was

poured into saturated NaHCO3 solution (30 mL) and

extracted with dichloromethane (3 × 20 mL). The combined

organic phases were dried over MgSO4, filtered, and con-

centrated in vacuo. The residue was recrystallized twice in

10% EtOAc/n-hexane to give 4a (686 mg, 96%) as a pale

yellow solid. mp 125-126 oC (lit.5c 126 oC); 1H NMR (300

MHz, CDCl3) δ 8.56 (dd, J1 = 8.2 Hz, J2 = 1.3 Hz, 1H), 7.63-

7.72 (m, 4H), 7.53-7.58 (m, 1H), 7.48-7.52 (m, 3H), 7.25 (s,

1H); 13C NMR (75 MHz, CDCl3) δ 180.9, 153.0, 137.7,

136.6, 131.6, 130.9, 130.8, 129.3, 128.6, 127.8, 127.0,

126.5, 123.5; FT-IR (KBr) 3066, 1621 (C=O), 1588, 1335,

1099, 760, 696 cm−1; Ms m/z (%) 240 (M++2, 5), 238 (M+,

100), 210 (93), 165 (14), 136 (36), 108 (23). 

4b, 4c, and 4e-i: All products were identified by means of
1H/13C NMR, FT-IR, and mass spectrometry and consistent

with our previous results.14b

Selected Spectroscopic Data.

2'-Methylthioflavone (4d): oil; 1H NMR (300 MHz,

CDCl3) δ 8.58 (d, J = 7.9 Hz, 1H), 7.61-7.64 (m, 2H), 7.54-

7.61 (m, 1H), 7.26-7.37 (m, 4H), 6.92 (s, 1H), 2.39 (s, 3H);
13C NMR (75 MHz, CDCl3) δ 180.9, 154.0, 138.8, 136.5,

136.1, 132.0, 131.4, 131.3, 130.2, 129.4, 129.1, 128.2, 126.7

(overlapped), 126.5, 20.3; FT-IR (KBr) 3070, 1626 (C=O),

1438, 1325, 1098, 755, 729 cm−1; Ms m/z (%) 252 (M+,

100), 223 (53), 136 (45), 115 (33), 108 (32). 

2-Furyl-4H-1-benzothiopyran-4-one (4j): mp 140-141
oC; 1H NMR (300 MHz, CDCl3) δ 8.49 (d, J = 8.0 Hz, 1H),

7.58-7.61 (m, 3H), 7.47-7.54 (m, 1H), 7.32 (s, 1H), 6.95 (d,

J = 3.5 Hz, 1H), 6.57 (dd, J1 = 3.5 Hz, J2 = 1.8 Hz, 1H); 13C

NMR (75 MHz, CDCl3) δ 180.9, 149.4, 145.6, 141.2, 136.7,

132.0, 131.5, 128.9, 126.9, 119.3, 111.7; FT-IR (KBr) 3107,

1611 (C=O), 1587, 1334, 1102, 967, 758, 728 cm−1; Ms m/z

(%) 228 (M+, 100), 200 (67), 171 (47), 136 (33), 108 (18).

2-Thienyl-4H-1-benzothiopyran-4-one (4k): mp 128-

129 oC; 1H NMR (300 MHz, CDCl3) δ 8.50 (d, J = 7.9 Hz,

1H), 7.58-7.61 (m, 2H), 7.47-7.56 (m, 3H), 7.23 (s, 1H),

7.15 (dd, J1 = 5.1 Hz, J2 = 3.8 Hz, 1H); 13C NMR (75 MHz,

CDCl3) δ 181.0, 145.9, 139.5, 137.2, 132.1, 131.4, 129.6,

129.0, 128.9, 128.2, 127.7, 126.6, 121.8; FT-IR (KBr) 3086,

1605 (C=O), 1586, 1322, 1103, 781, 715 cm−1; Ms m/z (%)
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244 (M+, 100), 216 (60), 136 (33), 108 (22). 

3-Pyridyl-4H-1-benzothiopyran-4-one (4l): mp 162-163
oC; 1H NMR (300 MHz, CDCl3) δ 8.95 (d, J = 2.1 Hz, 1H),

8.76 (d, J = 4.7 Hz, 1H), 8.56 (d, J = 7.7 Hz, 1H), 7.98 (d, J

= 8.0 Hz, 1H), 7.65-7.70 (m, 2H), 7.56-7.63 (m, 1H), 7.46

(dd, J1 = 8.0 Hz, J2 = 4.9 Hz, 1H), 7.22 (s, 1H); 13C NMR (75

MHz, CDCl3) δ 180.8, 152.1, 149.8, 148.1, 137.6, 134.7,

133.0, 132.3, 131.2, 129.1, 128.5, 126.9, 124.7, 124.3; FT-IR

(KBr) 3073, 3024, 1615 (C=O), 1589, 1325, 1129, 778, 734

cm−1; Ms m/z (%) 239 (M+, 100), 211 (79), 136 (37), 108

(18).
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