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Novel Cyclization of S- (0  -Acetylaryl) Dimethylthiocarbamates. A New 
Synthesis of 3-Hydroxybenzothiophenes and 2-Hydroxythiochromones 
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The rearrangement of 0-(0-acetylaryl) dimethylthiocarbamates to their corresponding S-aryl dimethylthio- 
carbamates, previously reported to be a very low yielding reaction, have been achieved in acceptable yields. The 
versatility of these intermediates is demonstrated by their transformation into different heterocyclic systems. 
Thus, when the resulting S-(0-acetylaryl) dimethylthiocarbamates are treated with base in the presence of air, 
they cyclize in a novel fashion to yield substituted N~-dimethyl-3-hydroxybenzothiophene-2-carboxamides and 
substituted 2-hydroxythiochromones. In the absence of air, only the latter was formed. 

Introduction 
The thermal rearrangement of 0-aryl dimethylthio- 

carbamates 1 to S-aryl dimethylthiocarbamates 2, which 
is known as the Newman-Kwart rearrangement, is in 
general a high yielding reacti0n.l The  rearrangement has 
been considered to be the best general route for the con- 
version of phenols to  thiophenols. However, one of the 
limitations of this general reaction according Newman' 
is t h a t  0-(0-acetyl-substituted aryl) dimethylthio- 
carbamates (1; X = o-COCH,) do not yield the corre- 
sponding S-aryl dimethylthiocarbamates (2; X = o- 
COCH,) when subjected to  the normal rearrangement 
conditions. Decomposition usually occurred before the 
desired rearrangement took place (Scheme I). 

Since then, i t  appears tha t  there have been no other 
attempts to  rearrange substrates having an  o-acetyl sub- 
stituent. Recently, Scrowston e t  a1.2 reported the first 
successful rearrangement of 0-(0-formyl-substituted aryl) 
dimethylthiocarbamates (1; X = o-CHO) to  the corre- 
sponding S-aryl products (2; X = o-CHO). 

We have reinvestigated the  Newman-Kwart rear- 
rangement and we would like to report here tha t  0 - ( 0 -  
acetyl-substituted aryl) dimethylthiocarbamates (1; X = 
o-COCHJ can be readily rearranged to their corresponding 
S-aryl dimethylthiocarbamates (2; X = o-COCH3) in rea- 
sonable yields. 

We have also found tha t  the S-(0-acetylaryl) di- 
methylthiocarbamates 2 obtained from this thermal re- 
arrangement are very versatile intermediates. They can 
be hydrolyzed readily to  the corresponding o-acetylthio- 
phenols bu t  more interestingly they can be cyclized in a 
novel fashion t o  N,N-dimethyl-3-hydroxybenzo- 
thiophene-2-carboxamides 3 and to  the 2-hydroxythio- 
chromones 4 (Scheme 11). 

Substituted 0-(0-acetylaryl) dimethylthiocarbamates 1 
were prepared as described by Newman.' Using 0-(2- 
acetyl-3-hydroxyphenyl) dimethylthiocarbamate (IC) as 
substrate, we have investigated the rearrangement reaction 
with or without solvent, under normal atmosphere and 
within a bomb. The  optimum condition found for ob- 
taining the S-phenyl dimethylthiocarbamate (2c) was to 
reflux the substrate in o-dichlorobenzene for 18 h. The  
same condition was then used for other substrate and the 
results are summarized in Table I. Most of the substrates 
listed in Table I required 18 h of reflux except le, which 
took only 8 h to complete. The products were isolated by 
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Table I. Thermal Rearrangement of 0-(o-Acetylphenyl) 
Dimethylthiocarbamates 1 

substrate X products (yield, 70) 
la H 2a (551, 5a (4) 
Ib 5-Me0 2b (41), 5b ( 7 )  
IC 3-OH 2c (25), 5c (5)' 

(01, ( S o l b  
Id 3-Me0 2d (45) 
le 3-CF3SOBO 2e (91) 
If 3-OAc 2f (66) 

Pyrolyzed in refluxing o-dichlorobenzene. *Pyrolyzed neat 
without solvent. 

chromatography and characterized by NMR, mass spec- 
troscopy, and elemental analysis. With no other substit- 
uent  on the  ring, 0-(2-acetylphenyl) dimethylthio- 
carbamate (la) rearranged to give a 55% isolated yield of 
S-(2-acetylphenyl) dimethylthiocarbamate (2a) together 
with 4% of the corresponding 2-(dimethy1amino)thio- 
chromone (5a). With an electron-donating methoxy sub- 
stituent on the ring (lb,  la), the overall yield was slightly 
lower. In the case of hydroxyl substituents (IC), the de- 
sired S-aryl dimethylthiocarbamate 2c was obtained in 
25% yield. These results are in accordance with the 
mechanism of the  reaction.'^^ With a less strongly elec- 
tron-releasing group such as acetoxy ( I f )  or [(trifluoro- 
methyl)sulfonyl]oxy group (le), the yields of the corre- 
sponding rearranged products (Zf, 66%; 2e, 91%) are 
higher. In most of the cases studied, 2-(dimethyl- 
amino)thiochromone derivatives ( 5 )  were formed in small 
amounts. The  possible utility of this transformation as 
a novel approach to the synthesis of the thiochromone ring 
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Table 11. Base-Catalyzed Cyclization of 
S- (0  -Acetylphenyl) Dimethylthiocarbamate under Normal 

Atmosphere 
substrate X Droducts (yield. %) 

2a H 3a (39), 4a (23) 
2b 5-Me0 3b (33), 4b (10) 
2c 3-OH 3c (7) 
2d 3-Me0 3d (22) 

system was investigated. Thus,  0-(3-hydroxy-2-acetyl- 
phenyl) dimethylthiocarbamate (IC) was found to rear- 
range and cyclize exclusively to  5-hydroxy-2-(dimethyl- 
amino)thiochromone (5c) in 50% yield when heated neat 
a t  175 "C for 18 h. This result differs considerably from 
those obtained when the rearrangement is carried out in 
refluxing o-dichlorobenzene, which gives a mixture of 25% 
of 2c and of 5% of 5c. IC was the only substrate that  gave 
an appreciable amount of the 2-(dimethy1amino)thio- 
chromone derivative (5) when pyrolyzed neat or otherwise. 
(Scheme 111). 

Other substrates when subjected to various pyrolysis 
conditions, including sealed tube with or without solvents, 
do not give any significant amounts of substituted 2-(di- 
methy1amino)thiochromones (5). Therefore, i t  is possible 
that 0-(3-hydroxy-2-acetylphenyl) dimethylthiocarbamate 
(IC) having an o-hydroxy substituent next to the acetyl 
group provides the internal protonation needed for the 
enolization to take place and then effect the cyclization 
to  5-hydroxy-2-(dimethylamino)thiochromone. In order 
to determine if cyclization can be catalyzed by other proton 
sources, 0-(0-acetylphenyl) dimethylthiocarbamate was 
pyrolyzed in o-dichlorobenzene in the presence of various 
proton sources that  included phenol, polyphosphoric acid, 
and p-toluenesulfonic acid. No substituted 2-(dimethyl- 
amino)thiochromones (5 )  were obtained. Attempts to 
cyclize S-(0-acetylphenyl) dimethylthiocarbamate (2a) 
under various acidic conditions also failed to  give the 
corresponding 2-(dimethy1amino)thiochromone (5). 

When the S-(0-acetylphenyl) dimethylthiocarbamate 
(2a) was treated with sodium hydride in dimethylform- 
amide (DMF) under normal atmospheric conditions, an 
unexpected N,N-dimethyl-3-hydroxybenzothiophene-2- 
carboxamide (3a) was obtained in 39% yield together with 
23% of 2-hydroxythiochromone (4a). No traces of 2-(di- 
methy1amino)thiochromone (5a) were detected. 

Other substi tuted S-(0-acetylphenyl) dimethylthio- 
carbamates (2) also gave the corresponding N,N-di- 
methyl-3-hydroxybenzothiophene-2-carboxamide deriva- 
tives (3) in variable yields. The  results are summarized 
in Table 11. Hydroxy-substituted derivative (2c) gave only 
7 % of the corresponding 3-hydroxybenzothiophene de- 
rivative (3c). The [ (trifluoromethyl)sulfonyl]oxy (2e) or 
the acetoxy (2f) derivatives likewise gave very low yields. 
However, the methoxy derivatives (2b, 2d) gave 33% and 
22% of the corresponding benzothiophene derivatives, 
respectively. When the S-(0-acetylphenyl) dimethylthio- 
carbamate (2a) was treated with sodium hydride in DMF 
under nitrogen, only the corresponding 2-hydroxythio- 
chromone (4a) was isolated. There was no trace of the 
corresponding N,N-dimethyl-3-hydroxybenzothiophene- 
2-carboxamide (3a). Similar results were obtained when 

Table 111. Base-Catalyzed Cyclization of 
S-(o-Acetylphenyl) Dimethylthiocarbamate under Nitrogen 

Atmosphere 
substrate X products (yield, %) 

2a H 4a (43) 
2b . 5-Me0 4b (79) 
2d 3-Me0 4a (72) 

Scheme IV 
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2b and 2d were subjected to the same conditions. Table 
111 summarizes the results of the formation of the 2- 
hydroxythiochromones (4). 

T h e  formation of N,N-dimethyl-3-hydroxybenzo- 
thiophene-2-carboxamides (3) from S-(0-acetylphenyl) 
dimethylthiocarbamates (2) only in the presence of air 
indicates that  an oxidative process involving oxygen must 
have taken place. In an attempt to increase the yield of 
the benzothiophene derivative, pure oxygen was bubbled 
throught the reaction mixture during 'the entire span of 
the reaction. However, more decomposition products re- 
sulted. To  rationalize the formation of N,N-dimethyl-3- 
hydroxybenzothiophene-2-carboxamide (3a) in the pres- 
ence of air and the exclusive formation of 2-hydroxythio- 
chromone (4) in the absence of air, the  following mecha- 
nism is proposed (Scheme IV). 

When the S-(0-acetylphenyl) dimethylthiocarbamate (2) 
was treated with base, the enolate of the acetyl group is 
formed and attacks the carbonyl of the thiocarbamate to  
give the cyclic intermediate (6), which may be in equilib- 
rium with 7. In the presence of air, intermediate 7 is 
oxidized to form the disulfide 8. In the presence of more 
base, disulfide 8 is cyclized to give the 3-hydroxybenzo- 
thiophene-2-carboxamide (3), the thiolate anion acting as 
a leaving group. In the absence of air, dimer 8 is not 
formed. When the reaction mixture is quenched with 
aqueous HC1, intermediate 9 becomes the first formed 
product. The protonated dimethylamino group now being 
a better leaving group than water is eliminated to give 
2-hydroxythiochromone. 

The  novel rearrangement of S-(0-acetylphenyl) di- 
methylthiocarbamate (2) thus provides an interesting al- 
ternative t o  prepare subst i tuted N,N-dimethyl-3- 
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hydroxybenzothiophene-2-carboxamides (3) and substi- 
tuted 2- hydrox yt hiochromones (4). 

Lau et al. 

Experimental Section 
Proton nuclear magnetic resonance spectra were obtained on 

a Varian EM390 spectrometer and proton chemical shifts are 
relative to tetramet ,ylsilane (Me,&) as internal standard. The 
infrared spectra were measured on a Perkin-Elmer 681 spectro- 
photometer. Melting points were measured on a Buchi 510 
melting point apparatus in open capillary tubes and are uncor- 
rected. Low resolution mass spectral analyses were performed 
by the Morgan-Schaffer Corporation, Montreal, and elemental 
analyses were performed by Guelph Chemical Laboratories Ltd., 
Guelph. Ontario. All reactions as well as column chromatography 
were monitered routinely with the aid of thin layer chromatog- 
raphy using precoated silica gel GF plates (Analtech) 

0-(2-Acetylphenyl) Dimethylthiocarbamate (la).  To a 
stirring mixture of 99% sodium hydride (2.6 g, 0.11 mole) in 
dimethylformamide (150 mL) at room temperature and under 
nitrogen atmosphere was added dropwise a solution of 2- 
hydroxyacetophenone (13.6 g, 0.1 mol) in DMF (10 mL), followed 
by the dropwise addition of a solution of dimethylthiocarbamoyl 
chloride (13.5 g, 0.11 mol) in DMF 115 mL). After being stirred 
for 18 h, the mixture was diluted to 500 mL with ether, filtered 
through Celite and the filtrate was washed with water (3 X 200 
mL). The organic layer was dried (Na2S04) and filtered, and the 
filtrate was concentrated in vacuo to yield an oil, which was 
purified by chromatography on silica gel, eluting with 30% ethyl 
acetate in hexane to give O-(2-acetylphenyl) dimethylthio- 
carbamate (13.1 g, 57%): mp 69-71 "C: 'H NMR (CDC13, 6) 2.53 

= 9 Hz, 2 Hz, 1 H, H6), 7.40 (m. 2 H, H,, H5), 7.78 (dd, J = 2 Hz, 
9 Hz, 1 H, H3). Anal. Calcd for Cl1Hl3NO2S: C, 59.16; H, 5.86; 
N, 6.27; S, 14.35. Found: C, 59.07; H, 6.00; N, 6.28; S, 14.40. 

The 042-acetylphenyl) dimethylthiocarbamates (lb-d) listed 
in Table I were prepared by using this procedure. 

For l b  (48% yield): 'H NMR (CDCI,, 6) 2.63 (s, 3 H, CH,), 

(9, 3 H, CH3), 3.37 (s, 3 H, CH?), 3.43 (s, 3 H, CH3), 7.07 (dd, J 

3.40 (s, 3 H, CH3), 3.47 (s, 3 H, CH3), 3.90 (8, 3 H, CH3), 6.57 (dd, 
J = 9 Hz, 2 Hz, 1 H, He), 6.83 (dd, J = 9 Hz, 2 Hz, 1 H, H4), 7.80 
(d, J = 9 Hz, 1 H, H3). Anal. Calcd for Cl2Hl5NO3S: C, 56.89; 
H, 5.96, N, 5 52; S. 1 2 . G  Found: C. 56.77; H, 6.16; N, 5.55; S. 
12.78. 

For IC (52% yield): mp 149-151 "C; 'H NMR (CDCl,, 6) 2.63 
(s, 3 H, CH3), 3.40 (s, 3 H, CH3), 3.50 (5, 3 H. CH3), 6.53 (d, J = 
9 Hz, 1 H, H4), 6.93 (d, J = 9 Hz, 1 H, Hs). 7.43 (t, J = 9 Hz, 1 
H, H5). Anal. Calcd for CllH13N03S: C, 55.21; H, 5.47; N. 5.85: 
S, 13.39. Found: C, 55.06; H, 5.53; N, 5.54; S, 13.02. 

For Id (61% yield): mp 88-89 "C; 'NMR (CDC13, 6) 2.53 (5, 

6.73 (d, J = 9 Hz, 1 H, H4), 6.83 (d, J = 9 Hz, 1 H, H5), 7.37 (t, 
J = 9 Hz, 1 H, H6). Anal. Calcd for ClzH15N03S: C, 56.89; H, 
5.96; N, 5.52; S, 12.65. Found C, 56.82; H, 6.11; N, 5.53; S, 12.39. 

0-[2-Acetyl-3-[[ (trifluoromethyl)sulfonyl]oxy]phenyl] 
Dimethylthiocarbamate ( le) .  Trifluoromethanesulfonyl 
chloride (3.2 g, 19.5 mmoles) was added dropwise to a stirring 
mixture of 0-(2-acetyl-3-hydroxyphenyl) dimethylthiocarbamate 
(IC) (3.9 g, 16.3 mmol), triethylamine (2.3 g,  22 mmol), and tet- 
rahydrofurdn (65 mL) at 5 "C. After being stirred for 1 h, the 
mixture was diluted with ether and poured into water. The 
organic layer was separated, dried (Na,SO,), and filtered, and the 
filtrate was concentrated in vacuo to give a residue that was 
purified by chromatography on silica gel, eluting with 20% ethyl 
acetate in toluene to yield 0-[2-acetyl-3-[ [ (trifluoromethy1)- 
sulfonyl]oxy]phenyl] dimethylthiocarbamate (1.90 g, 31 %), as an 
oil: 'H NMR 2.53 (s, 3 H, CH3), 3.07 (9, 6 H, CHJ, 7.40 (m, 3 
H, aromatic protons). Anal. Calcd for Cl,Hl,F3N05S2: C, 38.81: 
H, 3.25; N. 3.77: F, 15.34; S. 17.26. Found: C, 38.92: H, 3.44; N. 
3.52; F, 15.48; S, 17.40. 
0 -(2-Acetyl-3-acetoxyphenyl) Dimethylcarbamate ( I f ) .  

Acetyl chloride (942 mg, 12 mmol) was added dropwise to a stirring 
mixture of 0-(2-acetyl-3-hydroxyphenyl) dimethylthiocarbamate 
(IC) (2.4 g. 10 mmol), triethylamine (1.4 g, 14 mmol), and tet- 
rahydrofuran (50 mL) at 5 "C. After being stirred for 1 h, the 
mixture was diluted with ether and poured into water. The 
organic laver was separated, dried (Na,SO,), and filtered, and the 

3 H, CH3), 3.27 (s, 3 H, CHJ, 3.37 (s, 3 H, CH3), 3.83 (s, 3 H, CH3), 

filtrate was concentrated in vacuo to give a residue that was 
purified by chromatography on silica gel, eluting with 20% ethyl 
acetate in toluene, to yield 0-(2-acetyl-3-acetoxyphenyl) di- 
methylthiocarbamate (2.6 g, 95%), as an oil: 'H NMR 2.30 (5, 
3 H, CH,), 2.53 (s, 3 H, CH,), 3.17 (s, 6 H, CH3), 7.30 (m, 3 H, 
aromatic protons). Anal. Calcd for C13H15N04S: C, 55.50; H, 
5.37; N, 4.97; S, 11.39. Found: C, 55.33, H, 5.57; N, 5.03; S, 11.56. 

Thermal Rearrangement of 0 -(2-Acetylphenyl) Di- 
methylthiocarbamate (la). A solution of 0-(2-acetylphenyl) 
dimethylthiocarbamate (la) (12.0 g, 52.8 mmol) in o-dichloro- 
benzene (60 mL) was refluxed under a nitrogen atmosphere for 
12 h. The mixture was chromatographed on silica gel, eluting 
with 30% ethyl acetate in hexane, to yield successively ,942- 
acetylphenyl) dimethylthiocarbamate (%a) (6.6 g, 55%) ,  bp 250 
"C/0.5 mm, and 2-(dimethy1amino)thiochromone (5a) (400 mg, 
3.6%) as an oil, m / e  205 (M', 16.6%). 

S-(2-Acetylphenyl) dimethylthiocarbamate (24: 'H NMR 
2.53 (s, 3 H, CH,), 3.07 (s, 6 H, CH3), 7.40 (m, 4 H, aromatic 
protons). Anal. Calcd for Cl1Hl3NO2S: C, 59.16; H, 5.86; N, 6.27; 
S, 14.35. Found: C, 59.14; H, 5.95; N, 6.31; S, 14.10. 
2-(Dimethy1amino)thiochromone (5a): 'H NMR 2.97 (s, 6 

J = 2 Hz, 9 Hz, 1 H, H5). Anal. Calcd for C1,HIlNOS: C, 64.36; 
H, 5.40; N, 6.82; S, 15.61. Found: C, 64.09; H, 5.88; N, 7.21; S, 
15.20. 

The S-(0-acetylphenyl) dimethylthiocarbamates 2b-f and the 
(dimethy1amino)thiochromones 5a-c listed in Table I were pre- 
pared according to this procedure. 

For 2b (41% yield): 'H NMR (CDC13, 6) 2.57 (s ,  3 H, CH3), 

J = 2 Hz, Hs), 7.67 (d, J = 9 Hz, 1 H, H3). Anal. Calcd for 
ClzH15N03S: C, 56.89; H, 5.96; N, 5.52; S, 12.65. Found: C, 56.79; 
H, 6.36; N, 5.47; S, 12.52. 

For 5b (7% yield): mp 87-89 "C; 'H NMR (CDC13, 6) 2.97 (s, 
6 H, CH,), 3.90 (9, 3 H, CHJ, 5.97 (s, 1 H, H3), 6.90 (m, 3 H, H6, 
H7, He), 7.80 (dd, J = 2 Hz, 9 Hz, 1 H, H6). Anal. Calcd for 
CI2Hl3NOzS: C, 57.35; H, 5.21; N, 5.57; S, 12.75. Found: C, 56.99; 
H, 5.34; N, 5.35; S, 12.80. 

For 2c (25% yield): mp 127-130 "C; 'H NMR (CDCl,, 6) 2.77 

H5), 7.13 (d, J = 2 Hz, 1 H, H6), 7.30 (d, J = 9 Hz, 1 H, H4). Anal. 
Calcd for CllH13N03S: C, 55.21; H, 5.47; N, 5.85; S, 13.39. Found: 
C, 55.59; H, 5.48; N, 5.71; S, 12.66. 

For 5c (5% yield): mp 147-149 "C; 'H NMR (CDCI,, 6) 3.07 

Hz, 1 H, He), 7.23 (t, J = 9 Hz, 1 H, H7). Anal. Calcd for 
Cl1HllNO3S: C, 55.68; H, 4.67; N, 5.90; S, 13.51. Found: C, 55.16; 
H, 4.90; N, 5.79; S, 12.20. 

For 2d (45% yield): mp 59-61 "C; 'H NMR (CDCl,, 6) 2.47 

= 2 Hz, 9 Hz, 1 H, H4), 7.13 (dd, J = 2 Hz, 9 Hz, 1 H, H6), 7.30 
(t, J = 9 Hz, 1 H, H5). Anal. Calcd for Cl2Hl6NO3S: C, 56.89; 
H, 5.96; N, 5.52; S, 12.65. Found: C, 56.68; H, 6.07; N, 5.63; S, 
12.43. 

For 2e (91% yield): 'H NMR (CDC13, 6) 2.57 (s, 3 H, CH,), 
3.03 (s, 6 H, CH3), 7.50 (s ,  3 H, H4, H,, H6). Anal. Calcd for 

Found: C, 39.16; H, 3.34; N, 3.63; S, 17.29; F, 15.35. 

H, CHJ, 6.10 (S, 1 H, H3), 7.40 (m, 3 H, He, H,, He), 7.88 (dd, 

3.10 (s, 6 H, CH,), 6.88 (dd, J = 2 Hz, 9 Hz, 1 H, H4), 7.13 (d, 

(s, 3 H, CH3), 3.10 (s, 6 H, CH3), 7.00 (dd, J = 2 Hz, 9 Hz, 1 H, 

(s, 6 H, CH3), 6.20 (s, 1 H, H3), 6.60 (d, 1 H, Hs), 6.72 (t, J = 9 

(s, 3 H, CH3), 3.03 (s, 6 H, CHJ, 3.80 (s, 3 H, CH3), 6.98 (dd, J 

C ~ ~ H ~ ~ F ~ N O ~ S G  C, 38.31; H, 3.25; N, 3.77; S, 17.26; F, 15.34. 

For 2f (66% yield): 'H NMR (CDC13, 6) 2.30 (s, 3 H, CH,), 

Anal. Calcd for CI3H,,NO4S: C, 55.50; H, 5.37; N, 4.97; S, 11.39. 
Found: C, 55.84; H, 5.63; N, 5.17; S, 11.21. 

Base-catalyzed cyclization of S-(2-acetylphenyl) dimethyl- 
thiocarbamates (2a) under normal atmosphere. 

To a solution of S-(2-acetylphenyl) dimethylthiocarbamate (2a) 
(2.66 g, 11.7 mmol) in DMF (50 mL) was added 99% sodium 
hydride (337 mg, 14 mmol). The mixture was stirred for 18 h in 
the presence of dry air (the reaction mixture was protected by 
drying tube only) and then acidified with 1 N HCl (50 mL). The 
mixture was extracted with ether (300 mL), and the organic layer 
was washed with water (2 X 50 mL), dried (Na2S04), filtered, and 
concentrated in vacuo. The residue was chromatographed by using 
30% ethyl acetate in hexane as eluent to yield 550 mg (39%) of 
N,~ll-dimethyl-3-hydroxybenzothiophene-2-carboxamide (3a): mp 

H-1, 7.93 (m, 1 H, H4), 13.30 (s, 1 H, OH). Anal. Calcd for 

2.50 (s, 3 H, CH3), 3.00 (9, 6 H, CH&, 7.30 (s, 3 H, H4, H5, He). 

109-110 "C; 'H NMR 3.17 (s, 6 H, CH3), 7.50 (m, 3 H, H,, He, 
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CllHllNO& C, 64.36; H, 5.40; N, 6.82; S, 15.61. Found C, 64.09; 
H, 5.88; N, 7.21; S, 15.21. 

Further elution gave also 490 mg (23%) of the more polar 
2-hydroxythiochromone (4a): mp 206-208 "C; MS, m / e  178 (M', 

(m, 1 H, H5). Anal. Calcd for c&,O2s: C, 60.65; H, 3.39 s, 17.99. 
Found: C, 60.81; H, 3.61; S, 18.20. 

The 3-hydroxybenzothiophene-2-carboxamides (3b-d) and the 
2-hydroxythiochromone 4b listed in Table I1 were prepared ac- 
cording to this procedure. 

For 3b (33% yield): mp 146-149 "C; 'H NMR (CDC13, 6) 3.28 

61%); 'H NMR 6.18 (5, 1 H, CH), 7.40 (m, 3 H, He, H,, Hs), 8.17 

(9, 6 H, CH3), 3.90 (5, 3 H, CH3), 7.03 (dd, J = 2 Hz, 9 Hz, 1 H, 
H5), 7.13 (d, J = 2 Hz, H7), 7.90 (d, J = 9 Hz, 1 H, Hd), 13.45 (9, 

1 H, OH). Anal. Calcd for C12H13N03S: C, 61.25; H, 5.56; N, 
5.95; S, 13.62. Found: C, 59.33; H, 5.76; N, 5.94; S, 14.33. 

For 3c (7% yield): mp, 141-143 "C; 'H NMR (CDCl,, 6) 3.27 

7.33 (t, J = 9 Hz, 1 H, He), 7.90 (s, 1 H, OH). Anal. Calcd for 
C11H11N03S: C, 59.70; H, 5.01; N, 6.33; S, 14.49. Found: C, 59.77; 
H, 5.18; N, 6.05; S, 14.75. 
2-Hydroxy-5-methoxythiochromone (4d). A mixture of 

S-(2-acetyl-3-methoxyphenyl) dimethylthiocarbamate (0.253 g, 
1.0 "01) and sodium hydride (57.6 mg, 1.2 mmol, 50% dispersion 
in mineral oil) in DMF (10 mL) was stirred for 18 h at room 
temperature under an atmosphere of nitrogen. Dilute HC1 (1 N) 
was added and the mixture was extracted with ethyl acetate. The 
organic layer was washed with water, dried (Na2S04), filtered, 
and concentrated in vacuo. The residue was chromatographed 
by using 50% ethyl acetate in hexane as eluent to yield 150 mg 
(72%) of 2-hydroxy-5-methoxythiochromone (4d): mp 158-160 
"C; 'H NMR 4.05 (s, 3 H, CH3), 6.10 (s, 1 H, CH), 6.80-7.50 (m, 

(5, 6 H, CH3), 6.77 (d, J = 9 Hz, 1 H, H5), 7.17 (d, J = 2 Hz, H7), 

3 H, He, H7, HS), 10.3 (5, 1 H, OH). 

The compounds listed in Table I11 were prepared according 

For 4b (79% yield): mp 146-149 "C; 'H NMR (CDC13, 6) 3.28 
to this procedure. 

(9, 6 H, CH3), 3.90 (9, 3 H, CH3), 7.03 (dd, J = 2 Hz, 9 Hz, 1 H, 
H5), 7.13 (d, J = 2 Hz, H7), 7.90 (d, J = 9 Hz, 1 H, HJ, 13.45 (9, 
1 H, OH). Anal. Calcd for C12H15N03S: C, 61.25; H, 5.56; N, 
5.95; S, 13.62. Found: C, 59.33; H, 5.76; N, 5.94; S, 14.33. 
2-Hydroxy-4-methoxyacetophenone. A mixture of 2,4-di- 

hydroxyacetophenone (15.2 g, 0.1 mol), potassium carbonate (13.8 
g, 0.1 mol), and methyl iodide (14.2 g, 0.1 mol) in acetone (250 
mL) was refluxed for 22 h. The mixture was filtered and the 
filtrate was concentrated in vacuo to a residue that was chro- 
matographed on silica gel, eluting with 15% ethyl acetate in 
hexane to yield 2-hydroxy-4-methoxyacetophenone (15.3 g, 92%): 
mp 49-50 "C; 'H NMR 2.58 (s, 3 H, CH3), 3.88 (s ,3  H, CH30), 
6.40 (m, 2 H, H3, H5), 7.63 (d, J = 9 Hz, 1 H, Hs). Anal. Calcd 
for CsH1003: C, 65.04; H, 6.06. Found: C, 64.94; H, 6.22. 
2-Hydroxy-6-methoxyacetophenone. A mixture of 2,6-di- 

hydroxyacetophenone (15.2 g, 0.1 mol), potassium carbonate (13.8 
g, 0.1 mol), and methyl iodide (14.2 g, 0.1 mol) in acetone (250 
mL) was refluxed for 22 h. The mixture was filtered and the 
filtrate was concentrated in vacuo to a residue that was chro- 
matographed on silica gel, eluting with 15% ethyl acetate in 
hexane to yield 2-hydroxy-6-methoxyacetophenone (14.0 g, 84%): 
mp 57-58 "C; 'H NMR 2.70 (s,3 H, CH3), 3.88 (s, 3 H, CH30), 

J = 9 Hz, 1 H, H4). Anal. Calcd for C9H1003: C, 65.04; H, 6.06. 
Found: C, 64.74; H, 6.24. 
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Aniline reacts with 1,3-propanediol under reflux in diglyme with spontaneous hydrogen evolution in the presence 
of a catalytic amount of ruthenium trichloride hydrate (RuCl3.nH20)-tributylphosphine (PBu,) to give quinoline 
in good yield. The yield of quinoline was markedly affected by the molar ratios of aniline to 1,3-propanediol 
and PBu3 to RuC13.nH20. The best yield (76%) was achieved at the molar ratios of 2.5 of aniline/l,3-propanediol 
and 2.0 of PBu3/RuCl3.nHzO, Also, N-substituted anilines react with ethylene glycol in the presence of a catalytic 
amount of dichlorotris(tripheny1phosphine)ruthenium ( R u C ~ ~ ( P P ~ ~ ) ~ )  to give N-substituted indole derivatives. 
The reactions were carried out at 180 "C in dioxane with spontaneous hydrogen evolution. Aminoarenes also 
react with 2,3-butanediol and 1,2-cyclohexanediol (mixture of cis and trans) in the presence of RuCl2(PPh3), 
to give the corresponding 2,3-dimethylindoles and 1,2,3,4-tetrahydrocarbazoles in good to excellent yields. As 
the key intermediates of the reactions, N,N'-diarylpropylenediamine (5a) and N,N'-diarylethylenediamine (5b) 
and their dehydrogenated imine derivatives are postulated. 

The Skraup and related syntheses1 are  well-known as  
the method for the preparation of quinoline derivatives. 
This method, however, requires a large amount of sulfuric 
acid at temperatures above 150 "C, and the  reaction is 
often violent. 

Recently, transition-metal-catalyzed synthesis of quin- 

deve l~ped .~"  However, these methods are sucessful only 

with substituents on the  heterocyclic ring.6 
On the other hand, the Fischer indole synthesis is by far 

the most widely used route to substituted indoles and has 
been extensively reviewed? It involves the rearrangement 

(3) Boyle, W. J.; Mares, F. Organometallics 1982, 1 ,  1003. 
(4) Watanabe, Y.; Suzuki, N.; Tsuji, Y.; Chim, S. C.; Mitsudo, T. Bull. 

(5) Watanabe, Y.;  Tsuji, Y.; Shida, J. Bull. Chem. SOC. Jpn. 1984, 57, 

oline derivatives under nonacidic conditions has been 
Chem. SOC. Jpn. 1982,55,1116. 
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(1) Manske, R. H. F.; Kulka, M. In Organic Reaction; Adams, R., Ed.; 

(2) Diamond, S. E.; Szalkiewicz, A.; Mares, F. J.  Am. Chem. SOC. 1979, 

(6 )  Claret, P. A. Comprehensive Organic Chemistry; Sammers, P. G., 

(7) (a) Robinson, B. Chem. Reu. 1963, 63, 273. (b) Idem. Ibid. 1969, 
Wiley: New York, 1953; Val. 7, p 59. 

101, 490. 69, 227. 

Ed.; Pergamon: Oxford, 1979; Val. 4, p 160. 

0022-3263/87/1952-1673$01.50/0 0 1987 American Chemical Society 


