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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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(8) A. L. Morrison and H. Rinderknecht, J .  Chem. Soc., 

(9) K. Fries, H. Herring, E. Hemmecke, and G. Siebert, 
1469 (1950). 
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In connection with another problem,' several 
derivatives of 5,fMimethoxy- and 5,6-methylene- 
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dioxybenzothiophene2-carboxylic acids (I and 
11) were prepared. Three eater and amide deriva- 
tives of I (IIIabc) were submitted for pharmaco- 
logical te~ting.~Although the anticipated antiseroto- 
nin activity of these substances waa slight or nil in 
all three cases, 

IIIabc 

a. Z = N - ( C H J 4 4 H z J  
b. Z NHCH&H-N(GE)z.HCl 
C. 2 OCH&H-N(GHr)r.HCl 

111s and IIIb were found to exhibit analgetic activ- 
ity greater than that of aspirin, while IIIb but not 
IIIa showed diuretic activity in dogs. None of the 
compounds tested showed activity in bacteriologi- 
cal or antiviral screening. 

Nitration of 5,6-methylenedioxybemothiophene 
(IV),: the decarboxylated derivative of 11, with 
nitric acid in acetic acid-acetic anhydride mixture 
gave a crystalline mononitro derivative (V) in 
nearly quantitative yield. Substitution did not 
occur at the expected 2-position (cf. Ref. 3). 
This was shown by conversion of V to the cor- 
responding acetamide derivative (VI) and mixed 
melting point comparison of VI with an authentic 
sample of Zacetamido-5,6-methylenedioxybemo- 
thiophene (VIII) which was prepared unequivo- 
cally by the Hofmann rearrangement of I1 (VII). 

VI1 VI 
1. N a O B x  

VI1 VI 
1. N a O B x  

VI11 

EXPERIMENTAL 

6,6-Di~thozybenzoMi~-~-~rb~yl chloride. A mix- 
ture of 16.5 g. (0.069 mole) of the acid (I),a 35 ml. of puri- 
fied thionyl chloride and 375 ml. of dry benzene was re- 
fluxed for 3 hr. The acid dissolved slowly to form a clear 
amber solution which was then filtered through a Norit pad 
to remove traces of insoluble material. The benzene solution 
waa chilled and the yellow crystals of the acid chloride were 
collected and dried in air. Concentration of the filtrate gave 
additional material. The total yield was 14 g. (79%) of odor- 
lass yellow needles melting at 171-172'. 

Anal. Calcd. for CJfsOaSC1: C1, 13.81. Found: C1, 13.89. 

(4) Testing was performed in the laboratories of the 
Bchering Corp., Bloomfield, N. J. 

Preparation of the amidcs and ester of I. The acid chloride 
of I repeatedly demonstrated rather sluggish reactivity. 
Thia was first exemplified by the relatively high melting 
point of the odorleas product, and later by the uncommody 
vigorous conditio- necessary to obtain some of the den- 
tim. 

I - ( 6 , 6 - ~ ~ ~ ~ 1 ) p i p c r i d i ~  (111s). A mix- 
ture of 2.4 g. (0.010 mole) of the acid (I)  and 5 g. of purified 
thionyl chloride waa suspended in 200 ml. of anhydrous 
ether. The mixture was allowed to stand for 2 days in a 
Wml. round bottomed flask fitted with a drying tube. 
The acid eventually dissolved to form a clear amber eolu- 
tion of the acid chloride. The ether was removed under 
vacuum; 50 ml. of benzene was added and removed in the 
same fashion until the odor of thionyl chloride had dissp- 
peared. The crude material thus obtained was treated with 
2 g. (0.023 mole) of piperidine in 150 ml. of water containing 
10 ml. of 10% aodium hydroxide solution. After the mixture 
had been shaken vigorously for 2 min., the precipitate waa 
collected and recrystallized twice from aqueous ethanol to 
give 2.0 g. (65%) of transparent flakes which melted at 
163-164". 

A d .  Calcd. for C I & N O S :  S, 10.50. Found: 6, 10.45. 
@ - M y l u m i n a t h y l 6 , 6 d i ~ y b e n w t h i o p h ~ n & ~ r -  

bozumide hydr- (IIIb). Seven grama (0.027 mole) of 
the acid chloride of I and 3.2 g. (0.027 mole) of &diethyl- 
aminoethylamine were refluxed overnight with 250 ml. of 
benzene. The cooled reaction mixture afforded a white pre- 
cipitate which waa collected and recrystallized from ie 
propanol to give 5 g. (47%) of light tan flakes melting at 
185-186". 

A d .  Calcd. for Cl7HuO8N2sC1: C1,g.M. Found: C1,9.69. 
&Mylumi?wethyl6,6dimcthozybenwthkrphme-&ar- 

bozylode hydrochloride (1110). This compound waa prepared 
from 7 g. (0.027 mole) of the acid chloride of I and 3.2 g. 
(0.027 mole) of ,9-diethylaminoethanol according to the 
procedure described in the preceeding experiment. Recrys- 
tallization from isopropyl alcohol gave 5 g. (49%) of color- 
leas needles melting a t  198-199". 

A d .  Calcd. for C17HU04NSCl: C1, 9.48. Found: C1, 9.42. 
Nitration of 6 ,8-methylmed~hthkrphm. A solution 

of 3 g. (0.017 mole) of the benzothiophene (IV)' in 30 ml. of 
glacial acetic acid waa added dropwise with stirring to a 
mixture of 50 ml. of acetic anhydride, 20 ml. of glacial acetic 
acid and 1.6 g. (0.018 mole) of 70% nitric acid maintained 
a t  0-3". The mixture waa allowed to come to room tempera- 
ture, whereupon 500 ml. of water was added with vigorous 
stirring. The yellow precipitate was collected, washed with 
ethanol and dried to give 3.7 g. (98%) of material melting a t  
236235" (compound V). The analytical sample (golden- 
yellow threadlike needles from acetone) melted a t  235- 
236". 

A d .  Calcd. for CsH60,NS: N, 6.27. Found: N, 6.38. 
Reduction and acctylabim of ule m m o n i t r 0 - 5 , 6 - w # ~ -  

diozybenwthiophene (V). One gram (0.009 mole) of the h e l y  
divided nitro derivative was stirred into a suspension of 
ferrous hydroxide made by adding 30 ml. of concentrated 
ammonia to 20 g. of ferrous sulfate heptahydrate in a solu- 
tion of 30 ml. of dioxane and 80 ml. of water. The mixture 
was stirred a t  90-95" for 20 min. The resulting paste waa 
filtered hot and the filtrate was treated with 20 ml. of 
acetic anhydride with vigorous stirring. The clear solution 
was chilled overnight to give a dark precipitate which waa 
collected and recrystallized several timea from dilute ethanol 
to eive 0.3 K. (27%) of amber needles melting a t  227-228" . - I  
( c o L ~ ~ d  VI j. - 

A d .  Calcd. for C~IHDNOIS: N. 5.95: S, 13.62. Found: 
I .  _ _  - . 

N, 6.16; S, 13.42. 
6 , 6 - M e t h y l e n e d i o z y b e w t h ~ ~ - ~ - ~ r ~ a m ~  (VII). 

Nine mams (0.04 mole) of I waa converted to the acid chlo- 
ride b;. refluxing 3 hr: with an excess (18 ml.) of thionyl 
chloride and 0.25 ml. of pyridine in 50 ml. of benzene. The 
benzene was removed under vacuum a t  room temperature; 
the crude acid chloride was dissolved in a small amount of 
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dioxane and poured into excea~ concentrated ammonia. 
After the mixture had been allowed to &and overnight, the 
tan precipitate was collected and dried to give 8.5 g. (94%) 
of (VII) which melted a t  240-241' after one recrystdha- 
tion from absolute ethanol. 

Anal. Calcd. for CloH,NO&: S, 14.50. Found: S, 14.23. 
9 - A c e ~ m W l 6 - m e t h g W ~ y b e n w t h ~ ~  (MIX). The 

amide prepared in the preceding experiment was subjected 
to the Hofmann hypobromite reaction mrding to the 
procedure of Vogel.6 Eight grama (0.036 mole) of VI I  was 
hated  with 30 ml. of a solution made by dissolving 8.4 ml. 
of bromine in 120 ml. of water containing 30 g. of d u m  
hydroxide. The mixture was warmed slightly until the reac- 
tion started and was then held a t  80-90" for 45 min. The re- 
aulting suepension was diluted with 25 ml. of water and 
cooled to room temperature. Twenty milliliters (0.21 mole) 
of acetic anhydride was added with rapid stking over a 
period of 20 min. and then the mixture was warmed a t  60" 
for 0.5 hr. After the solution had been allowed to cool in the 
refrigerator overnight, the brown precipitate was collected 
and recrystallized from ethanol. The yield was 6 g. (70%! of 
red warty rqgregates which melted a t  241 '. A mixed meltmg 
point with compound VI was depressed to 208-215', and 
one with compound VI1 was depreseed to 223-2443". 

Anal. Calcd. for CIIHaOaS: N, 5.95; S, 13.62. Found: 
N, 5.83; S, 13.98. 

CHEMISTRY LABOUT~RIES 
INDIANA UNIVEBSITY 
BLOOMINON, IND. 

(5) A. I. Vogel, Practical Organic Chemiiztry, Longmans, 
Green, Inc., N. Y., 3rd edition, 1956, p. 773. 
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Regarding our studies on the preparation and 
geometry of various o,o'-bridged biphenyls and 
diphenylmethanes, it appears unlikely that further 
experimental work along these lines will be under- 
taken in the near future a t  this laboratory. Hence, 
the present data are being published in the hope that 
they may be of use to other workers, particularly 
since the stereochemistry of o,o'-bridged diphenyl- 
methanes has yet to be demonstrated. 

pre- 
pared from phthalic anhydride by the complex 
route of Bergmann and Pelchowicz,a was cyclized 
with methanolic sodium sulfide to the eight- 
membered ring 1-thiadibenzo [a,c] [3,6]cycloacta- 
diene (I) approximately as readily as similar 
cyclization to the corresponding seven-membered 
sulfide in the biphenyl sen- occurred.* It was not 

2,2 '-Bis (bromome th yl) diphenylme thane, 

(1) Abstracted from the doctoral thesis submitted to Pur- 

(2) Present addreae: Research Department, The Stand- 

(3) E. D. Bergmann and Z. Pelchowics, J .  Am. Chem. 

due University in 1956 by Donald D. Emrick. 

ard Oil Company (Ohio), Cleveland 28, Ohio. 

Soc., 75,4281 (1953). 

necessBTy to u8e high dilution techniques in 
order to obtain good yields of the cyclic sulfide. 

Oxidation of the sulfide (I) to the corresponding 
sulfone (11, 1-thiadibenu, [a,c] [3,6]cyclooctadiene- 
l-dioxide) was readily accomplished with hydrogen 
peroxide in acetic acid. Alkylation of I with excess 
methyl iodide in ethanol produced a sublimable 
and water-insoluble coordination complex with an 
analysis corresponding to two g.-atoms of iodine 
per mole; the literature has described methyl 
iodide, haloform, and metal halide coordination 
complexes of sulfonium salts.6 

Reduction of 2'-aminobewiophenone-2-carboxylic 
acid6 to 2'-sminodiphenylmethane-~o~lic acid 
was accomplished vicr reduction by means of einc 
dust (activated by copper) in ammonia.' Although 
stable indefinitely as carboxylate salts, the free 2'- 
aminodiphenylmethane-2-carboxylic acid cyclized 
slowly at  room temperature (rapidly at 100') to 
form the seven-membered ring cyclic lactam, indi- 
cating that this amino acid is more stable than 2'- 
aminobiphenyl-Zcarboxylic acid and 2'-aminobi- 
phenyl-%acetic acid which have never been isolated, 
both cyclizing spontaneously to their six- and 
seven-membered cyclic lactams, respectively? 

E X p m A L 9  

f-Thiadibmzo[o,c] [ S , S ] ~ ~ ~  (I). A mixture of 10 
g. (0.028 mole) of 2,2'-bia(bromomethyl)diphenylmethane,~ 
30 g. of sodium sulfide nonahydrate (0.125 mole), 80 ml. of 
water, and 1600 ml. of methanol were gently refluxed with 
stirring for 36 hr. The methanol was distilled and the re&- 
due was taken up in 500 ml. of cold water. The water-in- 
soluble product wag filtered off and recrystalliied from a 
mixture of alcohol and beneene. The yield was 4.6 g. (72%), 
m.p. 194-195'. 

A d .  Calcd. for CI&S: C, 79.64; H, 6.19; mol. wt. 226. 
Found: C, 79.39; HI 6.14; mol. wt. 226. 

A mercuric chloride coordination complex of the above 
sulfide was prepared by dissolving 1.00 g. of mercuric chlo- 
ride in 10 ml. of hot abeolud ethanol and adding quickly, 
with rapid stimng, a solution of 0.86 g. of the sulfide die- 

(4) W. E. Truce and D. D. Emrick, J .  Am. C h .  Soc., 
78,6130 (1956). 
(5) N. V. Sidgwick, The Chemical Elements and Their 

Compounds, Vol. 11, Oxford University P m ,  London, 
1950; C h .  Z a t r . ,  69,ii, 524 (1898) [Farbenfabriken vorm. 
fiedr. Bayer & Co., DRP 97207 (1897)l. 
(6) E. Beckmann and 0. Liesche, Ber., 56,1(1923). 
(7) E. D. Bergmann and E. Loewenthal, BuU. 8oc. 

dim.,  France, 19, 66 (1952). 
(8) L. Oyster and H. Adkins, J .  Am. Chem. Soc., 43, 

208 (1921); C. W. Muth, W. L. Sung, and Z. B. Papanaetss- 
siou, J .  Am. Chem. Soc., 77,3393 (1955). 
(9) Boiling and melting pointa reported are uncorrected. 


