
1326 NOTE8 VOL. 26 

group as well as a &cycle spin coupling between themselvea. 
The spectrum was obtained by Varian Associates. 

Compound IV exhibited no absorption in the ultraviolet 
between mp at a concentration of 10-8 IK, i n f d  
spectrum (potassium bromide): 697, 758, 851, 926, 964, 
1062, 1136, 1188, 1250, 1290, 1435, 1543, 2994, 3049, 
3165 cm.-I 
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In connection with earlier studies in this labora- 
several mono-, di- and trialkoxyphenyl-a- 

mercaptoacrylic acids were prepared. Subjection 
of these compounds to  mild ring-closure conditions 
(iodine in dioxane) provided, in most instances, 
the corresponding alkoxybenzothiophene-Z-car- 
boxylic acids. 

& 1 2  R-COOH 
R" 

R-~J C H = ~ - C O O H  
dioxane* ' SH R'  \ 

R" 
Iabcd IIabcd 

a. R = CHsO, R' = H, R" = H 
b. R = H. R' = CHaO. R' = H - ,  
C. R = GHsO, R' = CzHrO, R' = H 
d. R = CHsO, R' CHsO, R' = CHrO 

The @-aryl-a-mercaptoacrylic acids (Ia-Id) were 
obtained by alkaline hydrolysis of the correspond- 
ing 5-(benzylidene)rhodanines.8 Treatment of 
,5 - (3,4 - diethoxypheny1)- and ,5 - (3,4,5trimeth- 
oxypheny1)-a-mercaptoacrylic acids (IC and Id) 
with an excess of iodine in dioxane at 70" for several 
hours afforded 5,6diethoxybenzothiophene-2-car- 
boxylic acid (IIc) and 5,6,7-trimethoxybenzo- 
thiophene-2-carboxylic acid (IM) in fair to moder- 
ate yields. Interestingly enough, when @-(4-ethoxy- 
phenyl)-a-mercaptoacrylic acid was subjected to 
ring-closure conditions only tars were obtained. 
Similarly, @-(2,4-dimethoxyphenyl) - a - mercapto- 
acrylic acid gave resinous material. The 4-methoxy 
derivative (Ib) produced the desired 6-methoxy- 
benzothiophene-%carboxylic acid (IIb) in ex- 
tremely poor yield, while the 3-methoxy analog 
(Ia) produced a moderate yield of 5-methoxybenzo- 
thiophene-2-carboxylic acid (IIa). 
~ 
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Thus, it appears that the ring closure is related 
to direction of orientation of the substituent rather 
than degree of activation of the aryl ring. Ap- 
parently, intermolecular condensation becomes 
predominant when orientation is to the 3- and 5- 
positions, particularly in the highly activated 2,4- 
dialkoxy derivative. On the other hand, ring 
closure is facilitated by electron-releasing groups 
in the 3-positionJ which can activate the point of 
ring closure (para) to electrophilic attack. 

In two cases (11s and IId) the decarboxylated 
derivatives (111s and IIId) were prepared in al- 
most quantitative yields using copper in quinoline. 

Had 

R" 
IIIad 

EXPERIMENTAL 

Preparath of the 6-(alkozybazylidae)niw deriva- 
tives. The procedure previously employed' was used to pre- 
pare the three new rhodanine derivatives described below. 

6-(~,4,6-T~methoxybenzylidene)rhodcme (IV). Twenty- 
five g ram (0.128 mole) of 3,4,54rimethoxybenzaldehyde 
(Aldrich) waa refluxed for 30 miu. with 17 g. of rhodanine 
in 150 ml. of g l a d  acetic acid using 40 g. of fused sodium 
acetate aa catalyst. The hot mixture waa poured into 1 1. of 
water and stirred. The precipitate waa collected and dried 
in air to give 37 g. (93%) of material which waa recrystallized 
from ethanoldioxane aa orange prisms melting a t  202-203'. 

Anal. Calcd. for Cl&"& S, 20.61. Found: S, 20.66. 
6-(4-Ethoxybenzylidae)rhodanine (V). Five grams (0.033 

mole) of pethoxybenzaldehyde was condensed with 5 g. of 
rhodanine in 40 ml. of glacial acetic acid using 10 g. of fused 
sodium acetate aa described above. Isolating in the normal 
manner gave 8 g. (91 %) of material which waa recrystallized 
from ethanol aa yellow needles melting a t  225-226'. 

Anal. Calcd. for CI2HllNO~&: S, 24.15. Found: S, 24.19. 
6-(dJ4-Dimethoxybenzyl~~)rhodanine (VI), Twenty-five 

grams (0,156 mole) of 2,4dimethoxybenzaldehyde (East- 
man) and 20 g. of rhodanine were refluxed in 125 ml. of 
glacial acetic acid with 37 g. of fused sodium acetate a 
described above for the trimethoxy derivative. Isolating aa 
before gave 40 g. (95%) of material melting at 269-270'. 
The analytical sample waa recrystallized from ethanol- 
dioxane aa yellow-orange needles melting at  271-272'. 

Anal. Calcd. for C12H11NOs&: S, 22.80. Found: S, 22.62. 
Preparatia of the 8-(alkoxyphenyl)-a-mercaptoacrylic acids. 

~-(~,~-Diethoxyphenyl)-ru-mercaptoacrylic acid (IC). Thirty- 
five grams (0.113 mole) of 5-(3,4-diethoxybenzylidene)rho- 
danine6 (m.p. 199') was stirred into a solution of 25 g. of 
sodium hydroxide in 160 ml. of water. The mixture waa 
stirred a t  70' for 30 min., chilled, filtered (Norit) and 
acidified by pouring into excess cold 10% hydrochloric acid. 
The precipitated material waa collected and airdried to give 
27 g. (72%) of product which was recrystaked from 
petroleum ether (b.p. 30-60') aa orange prisms melting a t  
128-130'. 

8-( $,4,6- Trimethoxyphen yZ)-a-mercaptoacrylic acid (Id). 
Thirty-five grams (0.11 mole) of 5(3,4,5-trimethoxybemyL- 
dene)rhodanine (IV) waa hydrolyzed with 25 g. of sodium 
hydroxide in 160 ml. of water on the steam bath for 0.5 hr. 
Isolation and recrystallization from benzene gave 25 g. 
(82%) of orange needles melting a t  158-159'. 

Anal. Calcd. for ClrHl~O&: S, 11.95. Found: S, 11.88. 

Anal. Calcd. for CnHuOsS: S, 11.85. Found: 11.80. 

(5) F. C. Brown, C. K. Bradsher, S. M. Bond, and M. 
Potter, J. Am. Chem. Soc., 73,2357 (1951). 
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, d J , d ' - D i t h i o b i s ( ~ , 4 , 6 - t ~ ~ z y p h m y l ) a ~ l i c  acid. Id (2.7 
g., 0.01 mole) waa dissolved in 35 ml. of absolute ethanol 
and cooled to 0". A stoichiometric amount of iodine (1.27 g., 
0.005 mole) was added and the solution stirred a t  0" for 
2 hr. After dilution with 500 ml. of water, the precipitate 
waa recrystallized from aqueous methanol and then from 
ethanol-beneene to give 2.5 g. (92%) of fine yellow leaflets 
melting at 186-187" dec. 

Anal. Calcd. for C&l&&: S, 11.86. Found: SI 11.88. 
& ( 4 - E U r o z a r p h m y Z ) - ~ m ~ ~ p ~ l i c  acid. Eight grams 

(0.019 mole) of 5-( 4-ethoxybenzylidene)rhodanine (V) waa 
hydrolyzed in 100 ml. of 10% sodium hydroxide on the 
steam bath for 0.5 hr. Isolation and recrystdhation from 
scetone-ethanol gave 5 g. (62%) of orange prisms melting 
at 181-183" with gas evolution. 

grams (0.144 mole) of 5-(2,4-dimethoxybemylidene)rhods- 
nine (VI), hydrolyzed with a warm solution of 40 g. of 
sodium hydroxide in 500 ml. of water gave 24 g. (65%) of 
material which melted a t  221-222" dec. after one recrystal- 
lization from ethanol. 

Anal. Calcd. for CllHIIO&: S, 14.30. Found: S, 14.35. 
g ( ~ , , 4 - o i m e ~ r o z ~ p h m ~ 1 ~ ~ ~ ~ ~ ~ 1 i c  acid. F O ~ ~ Y  

Anal. Calcd. for ClIHltO&3: SI 13.34. Found: SI 13.32. 
Preparation of ths alko~benzothiophene-8-curbmylic aeida. 

6,6-oiethozybenw&ir~~h-~rhylk acid (IIc). Twenty- 
two grams (0.082 mole) of ,9-(3,4-diethoxyphenyl)-a-mer- 
captoacrylic acid (IC) was dissolved in 750 ml. of dioxane 
and 30 g. (0.118 mole) of iodine was added. The solution 
was heated at 60-70" for 22 hr. and then poured into 6 1. 
of water, decoloriaed with saturated sodium bisulfite solution 
and stirred vigorously for a few minutes. The crude material 
was collected and dieaolved in about 100 ml. of warm 10% 
sodium hydroxide solution. The strongly alkaline solution 
was treated with Norit and filtered to give a deep red solu- 
tion (color due to impurities). Upon standing in the re- 
frigerator overnight, 7 g. of pale pink crystals formed. The 
mother liquor was concentrated under an air stream and 
cooled to give an additional 2 g. of the sodium salt of 5,6 
diethoxybenzothiophene-%carboxylic acid. The salt was 
dissolved in 200 ml. of water and precipitated with dilute 
hydrochloric acid to give 7 g. (31%) of acid which was re- 
crystallized from 95% ethanol as h e  white needlea melting 
at 245-246". 

Anal. Calcd. for C1rH1404S: S, 12.04. Found: S, 11.89. 
6 , 6 , ~ - T r i m e U l o z y b e n z o t h i ~ ~ e - ~ c a r b o z y l  acid (IId). A 

solution of 13.5 g. (0.05 mole) of B-(3,4,5-trimethoxyphenyl)- 
a-mercaptoacrylic acid (Id) and 20 g. (0.08 mole) of iodine 
in 400 ml. of dioxane waa heated a t  70" for 12 hr. with oca-  
sional swirling. The mixture waa diluted with water to a 
volume of 2 1. and decolorized with 5% sodium bisulfite 
solution. After the mixture had been allowed to stand in the 
refrigerator for 4 days, the solid material waa collected and 
recrystallized from dilute methanol to give 5 g. (37%) of 
flat rust-colored needles melting at 180-181". Two addi- 
tional recrystallizations from the same solvent failed to re- 
move the color or change the melting point of the product. 

Anal. Calcd. for C12HUO&: S, 11$7. Found: S, 11.75. 
Ultraviolet A, mN/c 235/20,400,295/18,500. 

6-Meulozybenzothiophs~- ,d~rboxy~ic  acid (IIb). Two 
grams (0.0095 mole) of &( 4methoxyphenyl)-a-mercapto- 
acrylic acid (1b)n was dissolved in 75 ml. of dioxane. Three 
grams (0.0118 mole) of iodine was added and the mixture 
waa refluxed for 15 hr. By pouring the reaction mixture into 
500 ml. of water containing 2 g. of sodium bisul6te and 
treating the resulting tars with acetone, a small amount of 
acid was isolated which waa recrystalhed once from ethanol 
to give 0.15 g. (7.5%) of silvery plateleta which melted 
sharply a t  251 ". (Perold and van Lingen' reported a melting 
point of 248.5-249.0' for 6methoxybenzothiophene-%car- 

(6) C. Gr&nacher, M. Gero, A. Ofner, A. Klopfenstein, 
and E. Schlatter, Helv. Chim. Acta, 6,458 (1923). 
(7) G. W. Perold and P. F. A. van Lingen, Ber., 92, 

293 (1959). 

boxylic acid.) Attempts to repeat thia synthesis have fded 
completely, only tars Wing obtained. 

6-Me.!hoqIho&iQphen%hr~lk acid (IIa). Twenty 
grams (0.095 mole) of &(3-methoxyphenyl)-~mercapt,e 
acrylic acid ( Jar  and 30 g. (0.118 mole) of iodine were re- 
fluxed for 18 hr. in 500 ml. of dioxane. The solution waa 
cooled to room temperature and poured into 3 1. of cold 
water containing 60 ml. of saturated sodium bisulfite solu- 
tion. The mixture was stirred well and the tan precipitate 
was collected and recrystallized as the sodium salt from 
3070 sodium hydroxide solution. The salt was dissolved in 
water and acidified with 10% hydrochloric acid to give 8 g. 
(40%) of product melting at 215-216". The analytical 
sample melted at the same temperature after one r e c w -  
lization from dilute scetic acid. 

Anal. Calcd. for Cl&O&: SI 15.40. Found: S, 15.36. 
6,6,7-Trime.!hoqIb&iQph (IIId). Five grams (O.Ol8f3 

mole) of 5,6,7-trimethoxybenzothiophene-%carbo~lic acid 
(IId) was heated with 1.0 g. of copper powder in 25 ml. of 
quinoline until the temperature rose to 180-196". The mix- 
ture was cooled to room temperature and stirred well with 
100 ml. of isopropyl ether. The solution was filtered to re- 
move the solid material and stirred vigorously with dilute 
hydrochloric acid until acid to Congo red. The ether layer 
was separated, concentrated on the steam bath and distilled 
under vacuum to give 4.5 g. (99%) of a colorlegs oil boiling at 

Anal. Calcd. for C1IHBO8: SI 14.30. Found: S, 14.23. 
Ultraviolet A, -/e: 233/27,000; 262,269/8,750; 297,308/ 
2,500. 

Compound IIId forms a picrate, recrystallized from 95% 
ethanol as blood red needles, melting a t  72.5". 

Anal. Calcd. for C,TH&N~O&: N, 9.26. Found: N, 9.38. 
6 - M e h ~ b & i o p h e n e  (111s). Seven grams (0.084 mole) 

of the acid (IIa) was decarboxylated by heating with 0 5 g. 
of copper powder in 55 ml. of quinoline as described above. 
The crude material was isolated as before and steam-distilled 
to give 5.5 g. (99%) of beautiful white flskee melting at 
43-44O.O 

Anal. Calcd. for CloE408: S, 15.40. Found: S, 15.40. 

147-150' (1.5 mm.). 
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In connection with another problem,' several 
derivatives of 5,fMimethoxy- and 5,6-methylene- 
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