
was separated as white crystals upon concentration of the 
filtrate. The yield of sodium salt was 42 g. (77%). 

The p-toluidine salt of 2-bromo-4-methylbenzenesulfonic 
acid after recrystallization from water melted a t  216-218'. 

Anal. Calcd. for ClaHlsOaBrh'S: S, 8.95. Found: S, 
8.76. 

Potassium Salt of 2-Iodo-4-methylbenzenesulfonic Acid.- 
The 2-iodo compound was prepared by diazotization of the 
2-amino compound and subsequent reaction with potassium 
iodide solution. A 94yo yield of crude potassium salt was 
obtained by coticcntration of the reaction mixture. 

The p-toluidine salt melted at 227.5-230D after rccrys- 
tallization from water. 

.-lnnl. Calctl. for CldH160:$ISS: S, 7.90. Found: S, 
8.00. 

2-Bromo-4-methylbenzenesulfonyl Chloride.-An inti- 
mate mixturc of 5 g. (0.0183 mole) of powdered sodium 2- 
bromo-~-methylbenze~~esulfonate and 15 g. (0.072 mole) of 
finely divitlcti phosphorus pcntachloride was heated for 1 

hou: at 160". The initial reaction began a t  about 130- 
140 . The melt was poured onto ice and a crude sulfonyl 
chloride (82% yield) melting at 56-62' was recovered. A 
sample recrystallized from petroleum ether melted a t  64-65'. 

Anal. Calcd. for C~HGOZB~CIS: S, 11.9. Found: S, 
12.1. 

The methyl and ethyl esters of the 2-bromo-4-tnethylbcri- 
zenesulfonic acid melted a t  62-63' and 70-71 ", respectively. 

.Inal. Calcd. for CsHy03BrS: S, 12.1. Found: S, 
12.0. Calcd. for CyHuOaBrS: S, 11.45. Found: S, 11.80. 

2-Iodo-4-methylbenzenesulfonyl Chloride.-This mate- 
rial was prepared in the same manner as the 2-bromo com- 
pound. A crude yield of 83% was obtained, and after re- 
crystallization from petroleum ether the pure sulfonyl chlo- 
ride melted at 68-67". 

.4nal. Calcd. for C~H~OLCIIS:  S, 10.10. Found: S, 
Y 3 5 .  
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An "Isoaromatic" Product from 2-Methyl-3-benzofurylmethylmagnesium Chloride 
BY RUSSELL GAERTNER' 

RECEIVED JUNE 2, 1952 

A Grignartl rcagent has been prepared from 3-(chloromethyl)-2-methylbenzofuran and allowed toreact with carbon dioxide 
and ethyl chlorocarbonatc. In both reactions, the 
major product, after hydrolysis, was the "isoaromatic" 2-methy1-3-methylene-2,3-dihydro-2-benzofuroic acid, the result 
of a novel "abnormal" reaction. This j3,y-unsaturated acid decarboxylated a t  its melting point (110") to  give 2J-dimethyl- 
benzofuran, a reaction analogous to the similar behavior of &keto acids. 

A trace of the normal product was isolated only with carbon dioxide. 

Two previous attempts to obtain "isoaromatic"2 actions, resulting from unavoidable hydrolysis of 
products in abnormal reactions of heteroaryl- the reagent. 
methyl Grignard reagents have been reported. TVhen the reagent I1 was carbonated, only a 
The first, involving 3-methyl-2-thianaphthenyl- trace of the normal product, 2-methyl-3-benzofuryl- 
methylmagnesium chloride, re- 

CH? 
'-CH2MgCI \-,CHICO?H '-/ sulted niakly in cleavage of the 

--+ -+- + / i  1 CH, P O /  1 '  /I(" ,i.'o/<CO,H 

m e n 4  Since benzofuran is less I I1 111 I \. 

C2-S bond,3 while the second, us- 
ing 2-bromo-3-(bromomethyl)- 
thianaphthene, gave only poly- 

4 
CHI \ v C H 3  \ --VCHJ ' chloromethylation of 2-methyl- \-/ 

benzofuran. I t  was converted ~1 1 C H ~  + 1j-l C H ~  + 1 CH, 

and the reagent I1 was obtained 

aromatic than thianaphthene its 
arylmethyl Grignard reagents 
should react abnormally even 
more readily; to avoid cleavage 
of the furan a 3-chloro- 
methyl derivative was indicated. 

3-Chloromethyl-'-methyl- 
benzofuran (I) was obtained by 

//\O'<CH LOH /.'o/<co,H 
\'I1 \. 

normally in the cyclic reactor 

in yields of about SO%. The 
presence of a coupling product, probably l,%-bis- 
i2-methvl-3-benzofurvl)-ethane, was demonstrated 

/\''&IOH 
\'I 

by isolation of the picrate. 'Small amounts of 
2,3-dimethylbenzofuran were also present in all re- 

(1) Central Research Department, Monsanto Chemical Co., Day- 
ton 7 ,  Ohio. 

(2) "Isoarumatic" is used to refer to a structure with adjacent 
quaternary and doubly bonded carbon atoms in an otherwise aromatic 
nucleus. Application of this usage here presupposes agreement that  
benzofuran is "aromatic," although it must be granted that  this nuc- 
leus undergoes many reactions typical of arylethylenes. 

(3) R. Gaertner, T H r s  JOURNAL, 74, 2991 (1952). 
(1) R. Gaertner, ;bid., 74, 4950 (1952). 
( 2 )  I<. Gaertncr. i b i d . ,  73, 4.400 (19.51). 

acetic acid (III), could be isolated; I11 was also 
prepared for comparison from I vicz the nitrile. 
The main product of carbonation, and the sole acid 
product isolated from the reaction of I with ethyl 
chlorocarbonate followed by alkaline hydrolysis, 
was 2-methyl-3-methylene-2,3-dihydro-2-benzo- 
furoic acid IV. The structure of this compound has 
not been unequivocally established but any other 
appears to be inconceivable in view of the mode of 
its formation and its reactions. 

The acid, IV, or its ethyl ester, absorbed very 
nearly one mole of hydrogen ovcr platinum oxide, 



giving 2,8-di11iethyl-~,8-ctlili~-dro-~-~cii~~t~iroic " ~ t l  
(V). I V  was also reduced by lithiuiii , i l u r i i i r ~ u i i i  
hydride to the alcoliol VI, which was hydrogeri,itcd 
to VII,  the alcoliol also obtainctl by r e d u c t m i  01 t h i  
ester of V with lithiuill .duininuiii hydride 

Both the unsatur,itc(l x i d  I V  .ilitl thc c o i r c ~ j ) o i i ( l  

ing alcohol VI were slgilificdnt~y uii\tabk t (J  h e C i l  
IV rneltcd with dcc. o i i l p o s i t i o i i  ,it I 1 f )  1 I 1 , c I olt 
ing gas. l'hc producl W ~ S  ~ , ~ ~ - t l i ~ r ~ c t l i ~ l l l ~ ~ i i ~ o ~ u -  
ran, obtained in SX', \ i e l t l  by h l i t i g  'i solutioii 01 
the acid in pyridine. 'Io the author s k i i o w l c d g e  110 
other /?, y-unsaturated acid c:ui be decarboxvlated 
under such iiiild conditions; the reaction 15 dnnlo- 
gous to the behavior of @-kcto acids, since in both 
cases a cyclic intertliedi~tte, depicted for 117, 15 prob- 
ably ~ n \ ~ ~ l i  ed.6 

\ C I I  
'i ~ --- i i  

CHl 0 

Presumably the promoting factor ia  this c\Ltiiil)lc i> 

the siniultaneous restoration 01 the aromatic beiizo- 
furan nucleus. Further atteinpts to pro\ e these 
structures by oxidation of thc double bond or c lcc~\~-  
age of the ether linkage were fruitless. 

Experimental' 
3-( Chloromethyl)-2-methylbenzofuran. -111 the bcst ruiib 

7.5 g. of 2-methylbenzofuran was added dropwise to rdp- 
idly stirred solution below 30" of 4.5 g. of trioxane in 100 
ml. of concentrated hydrochloric acid. -4fter being stirred 
for 90 minutes, the mixture was extracted with ligroin (30- 
60"). 3-(Chloromethyl)-2-rnethylbenzofuran (7.1 g . ,  697,) 
was a colorless mobile liquid, b.p 85-86" (0.2 inni ', 
?ZaD 1.5779. It slowly decomposed to a black resin. 

Anal .  Calcd. for CIUH~CIO: C. 66.49; H, 5 02. Found: 
C, 66.25; H, 4.91. 

2-Methyl-3-benzofurylmethylmagnesium Chloride - 
Using the cyclic reactorg the highest yield was 81.77,. a ' i th 
a freshly ainalgamated column of niagiiesiuin LLiriiiiigG, 
yields of 80% were obtaiiied coiisisteiitly. 

Reactions. Carbonation.-From i i  solution 
containing 0.0269 i~iole of rcagciit was obtninerl :I 
acids which was recrystallized from 1iex:tiic. A t 
g. (30%) of the less soluble coriipound separatctl 
pristns, m.p.  110 -112' (with evolutioii of ii gas 
tallizatioti from hexane-acetone with :L niinimun 
did not improve the iiieltiiig 1)oiiit a mts atteiidcrl by tle- 
composition; 2-incthyl-3-iiictliyle ',:l-diIiytlro-X-heii~~- 
furoic acid dccoinposed too re,trlily to  ul>ktin a i)tIl-(! sample. 

And .  Calccl. for ClrI-Ilo C ,  69.46; IT, 5.30. i:oti:ld: 
C ,  70.00, 70.12; H, 5. i9 ,  : 

The liquid remaining after decoiii~)osit ioii 1iad thc odor 
of 2,3-dimethylberizofuran. 

From the mother liquor?, hy first he~ t i i i g  to 1 .-JO' to [ le -  

(0) See, concerning the evidence for such iiileriucdiaicr in  tlic < I C -  
carboxylation of &keto aciil?. I:. 13. \Vcstheimcr and 1%'. A. Joi1c5. zi)i f , 
63, 3283 (1941). 

(7) Melting points, but  not boiling points, are correcicrl. hI i r r+ 
analyses were by  Micro-Tech Laboratories, Skokie, lllinois. The 
obvious mixture melting points were performed vi thout  noliccai~le 
depressions. 
(8) The  piire 2-methylbenzofuran used in this run was ol~tainei! by 

ring-closure of o-allenylphenol and i ts  derivatives.5 In  largcr prepara- 
tions (25-50 g. of starting material), t he  less pure: compound obtained 
by the method of R. Adams and R. E. Rindfusz, THIS JOURNAL. 41, 
648 (1919), gave 45% and lowcr yields. Hydrogen chloride was 
evolved during heating prior to distillation of the product, leaving a 
tarry residue; although the  chloride from these runs decomposed 
more rapidly in storage, i t  was otherwise equivalent to that  described 
above. 

. . __ 

(9) See, for procedures, I< C-xrtner ,  ih?,l . ,  73, 

stroy a trace of tlic above cotiipoutid, tlieii recrystallizin~ 
from hexane and subliming twice was obtained 0.10 g. of 2- 
iiicthyl-3-benzofurylacetic acid, m.p. 95--97', 

Froin the neutral material \vas isolated l.(iii g.  (b.p. '38- 
105') of 2,3-dinicthylberizofuraii. 

Ethyl Ch1orocarbonate.-Froin 10.8 g. of chloride, hy 
hydrolysis of the crude cster, was obtainccl 3.52 g. (49%) of  
2-iiictliyl-:~-iiictliylei1c-~,.'i-dihydro-2-be1izofuroic acid (m.p .  
1 10-112'), b u t  no Lracc of 2-iiiethyl-3-hsrizofurylacetic 
acid. Thc neutral inatcrial yielded 0.6 g. of  2,3-dimethy1- 
bciizofurari. The iioii-volatile neutral gum did not crystal- 
lize aiid was dissolved i i i  cthanol saturated with picric acid; 
1.48 g. of 1 ,~-his-(2-inetli~l-:l-bci1zofurylj-ethane dipicrdte 
separated :is ycllow iieecllcs cvhich were recrystallized from 
ethanol-acctoiic, m.p.  130-150.6°. 

-4nal. Calcd. for C32H24S6016: C, 51.34; 11, 3.23. 
Found: C, 51.64; H, 3.44. 

If t h e  crude mixture obtained i n  the reaction with ethyl 
chlorocarbonate, after hydrolysis of the excess reactant, was 
tlistilled, 26.7 g. of the chloride gave 13.6 g. (42%) of ethyl 
~-incthpl-3-1iiethylctic-2,~-dih~dro-2-benzofuroatc, b 1). 90.- 
OGo (0.:3 miii.). .411 fractions rapidly developcti it red to 
jhurpk color in  air; redistillctl twice, the middle fraction 
i i o  longer bccame colored, but it was still impure; b.p.  
01-92"(0.3 mm.),  it% 1.5445, 

A n d .  Calcd. for C13Hi403: C, 71.54; H, 6.47. Found: 
C, 72.58; 11, 6.69. 

Conihined small samples of 2,3-di17icthylbenzofuraiilo 
were redistillcd; b .p .  101-102° (19 mm. j, i t 2 " ~  1.5537. 

i lnu l .  Calcti. fw C,oHjoO: C, 82.16; H, 6.90. Found: 
C, 81.68; 13, 6.98. 

The picrate sepxratcd from ethanol in canary yellow 
iieedlcs, m.p. 91-93'. 

Anal. Calcd. for Ci6HlaX3O8: C1, 51.20; H, 3.49. 
Found: C, 51.32; H, 3.57. 
2-Methyl-3-benzofurylacetonitrile.-A mixture of 5.0 g.  

of the chloride, 10 g. of powdered potassium cyanide and 30 
nil. of a 5% potassium iodide solution in acetone was stirred 
and heated under reflux for 12 hours. The nitrile (3.56 g. ,  
75%) distilled principally at 115-118' (0.3 mrn.), nZoD 
1.5643. It i m 5  not pure but could not be purified by dis- 
tillation. 

.4ital. Calctl. for CIIHQXO: C, 77.17; H, 5.30. Found: 
C, 76.46, 76.37; H ,  5.53, 5.36. 

2-Methyl-3-benzofurylacetic Acid.-.4 solution of 3.1 g. 
of the nitrile mas heated under reflux for 18 hours with excess 
alcoholic potassium hydroxide. A total of 2.44 g. (71%) of 
felted colorless iiecdlcs separated from hexane; m.p. 96.6- 
97.6'. Sublirnatioii a t  90' (0.1 miii. j did not iinprove the 
iiirlting poitit. 
:I r i d .  Calc~l. for CilIIloO.:: C, 69.46; €I, 5,:jfI. Foulid: 

Reactions of Z-Methyl-3-methylene-2,3-dihydro-2-benzo- 
furoic Acid.--A solution of 1.30 g. of the acid in 5 mi. of 
lpyridinc was heated under reflux for 4 hours. After aspira- 
tion of the solvetit, 0.96 g.  (myG) of 2,3-dirnethylbenzofuraii 
distilled at  95-105' (24 intii.), ? Z ~ " D  1.5556. The picrate \vas 
prepared, m . p  91 -93". 

A solutioii of 0.70 g.  o f  the acid in ethanol slo~vly absorbed 
105yo of the theoretical volume of hydrogen over two suc- 
cessive portions of platinum oxide. Similarly the redistillcd 
cster (4.93 g . )  took up 97% of the hydrogen required for one 
double bond. A total of 4.74 g. (95%) of ethyl 2,3-di- 
rnethvl-2,3-dihydro-2-benzofuroate was isolated; b.p. 81- 
83' (0.2 rnni.). 

Anal .  Calcd. for Ci3HI6O3: C, 70.88; H, i . 3 2 .  Found: 
C, 70.82; H, 7.47. 

The saturated ester was hydrolyzed with alcoholic potas- 
sium hydroxide. 2,3-Dimethyl-2,3-dihydro-2-benzofuroic 
acid (quantitative yield) distilled a t  112-114" (0.3 mm.) ,  
solidified and melted a t  80-90". Recrystallization with 
loss from hexane gave colorless flat needles, m.p. 98-90'. 
They were sublimed a t  90" (0.1 mm.) for analysis. 

C ,  Ci9.3; 11, 5.11;. 

The 82' cut was analyzed; i t a o ~  1.5098. 

Anal. Calcd. for CllHlzOa: C, 66.73; H,-6.30. Found: 
C, 68.92; 13, 6.37. 

Attempts to oxidize the unsaturated ester or acid with 

(10) R. Vladesco, Bull. soc. cizim. France, [3] 6, 807 (1891), prepared 
this compound by cyclization of 3-phenoxybutanone but  gave few 
ctiaracterizing Ifat a. 
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potassium permanganate, or performic acid followed with 
lead tetraacetate, resulted only in the recovery of small 
amounts of the starting materials. Attempts to cleave the 
ether linkage of the saturated acid with hydrobromic acid 
gave inconclusive results. 

The unsaturated acid (6.90 8 . )  was reduced with lithium 
aluminum hydride in ether. A total of 4.98 g. (78%) of 
colorless crystals separated from hexane; m.p. 65.5-67.5". 
Further recrystallization and sublimation a t  50" (0.3 mm.) 
gave pure 2-methyl-3-methylene-2,3-dihydro-2-benzofuryl- 
carbinol, m.p. 67.6-68.8". Overheating caused decomposi- 
tion. 

Anal. Calcd. for CIIH~?Ol: C, 74.97; H,  6.87. Found: 
C, 74.78; H, 6.94. 

A solrition of 4.20 g. of the alcohol in ethanol absorbed 

103 % of the theoretical amount .of hydrogen over platinum 
oxide. The product (3.76 g., 89%), 2,3-dimethyl-2,3-di- 
hydro-2-benzofurylcarbinol, also obtained (82% yield) by 
reducing the saturated ethyl ester with lithium aluminum 
hydride in ether, was a viscous colorless liquid, b.p. 81-89' 
(0.5 mm.). The 84-85' cut was analyzed; n20D 1.5383. 
The best of three samples, i t  was still impure. 

Anal. Calcd. for CllH1402: C, 74.12; H, 7.92. Found: 
C, 73.54; H, 8.11. 

An attempt to convert the alcohol to the bromide with 
phosphorus tribromide gave only a trace of recovered alco- 
hol; similar results were observed upon treatment with 
thionyl chloride, alone or with an equivalent of pyridine. 

EUGENE, OREGON 

[CONTRIBUTIOX FROM THE STERLING-WINTHROP RESEARCH INSTITUTE] 

1,4-Dimethoxy-5-rnethyl-6-tetralone and 1,4-Dimethoxy-5,5-dimethyl-6-tetralone 
BY T. R. LEWIS, WILLIAM B. DICKINSON AND S. ARCHER 

RECEIVED JUNE 7, 1962 

The adduct obtained from benzoquinone and 2-ethoxybutadiene upon aromatization and methylation furnished 6-ethoxy- 
1,4-dimethoxy-5,8-dihydronaphthalene (VI) which isomerized on recrystallization from ethanol in the presence of Darco to  
yield the conjugated 7,s-dihydro derivative, VIII. This 5,s-dihydronaphthalee 
gave a ketal, X, when recrystallized from methanol in the presence of Darco. The true 7,s-dihydro compound, VII, was ob- 
tained by refluxing the ketal in acidified methanol. Hydrolysis of all the above aromatic ethers gave l,4-dimethoxy-6- 
tetralone. Alkylation of this compound with methyl iodide and sodium sand gives a mixture of three compounds: the 
tetralol, XIII ,  the dimethyltetralone, XI ,  and the monomethyltetralone, XII. 

In the methoxy series the adduct yields V. 

Grob and Wicki' condensed 2-methoxybutadiene 
with benzoquinone in petroleum ether and ob- 
tained in 58% yield the adduct, 111, which they 
aromatized and methylated in alkaline medium. 
The resulting dimethyl ether was isolated in 65% 
yield and melted a t  80-82'. It was originally 
assigned structure V, but in a later paper2 i t  was 
pointed out that  the ultraviolet absorption spec- 
trum exhibited two maxima, one of which was due 
to  conjugation of the double bond with the ben- 
zene ring. On this basis the substance was assigned 
structure VII. 

When 2-eth~xybutadiene~ (11) was condensed 
with benzoquinone in ethanol the desired adduct 
(IV) was obtained in SSyo yield.& Grob's pro- 
cedure for converting the adduct to the dimethyl 
ether proved to be unsatisfactory in our hands. 
By suitable modification of his procedure we pre- 
pared VI in 79y0 yield. On hydrolysis this com- 
pound furnished the tetralone IX.6 It showed a 
maximum a t  284 mp in the ultraviolet. Absorption 
a t  this wave length was attributed to the presence 
of the substituted benzene ring since the tetralone, 
IX, absorbed a t  289 mp (see Table I). 

When a sample of VI was recrystallized from 
ethanol with the aid of a small amount of Darco, 
the melting point of the recovered material dropped 
markedly. The compound that was isolated was 
isomeric with VI, hydrolyzed to  the tetralone, IX, 
and in contrast to VI, showed two peaks in the 
ultraviolet, one a t  274 mp and the other a t  312 
mp, The conjugated structure, VIII, is com- 
patible with these properties. 

(1) C. A. Grob and H. Wicki, Hclu. Chim. Acto, 81, 1706 (1948). 
(2) C. A. Grob, N. Jundt and H. Wicki, ibid. ,  84, 2127 (1949). 
(3) H. L. Holmes and K. M. Mann, THIS JOURNAL, 118, 2001 (1947). 
(4) This compound was 5rat preprred by Dr. R. L. Clarke of this 

hb0r.W; purlhation and ~ ~ 1 y . u  wi l l  be reported by him. 
(6) C A. &ob and W. lumdt, Bslr. Chlm. Ado,  #a, 1601 (1948). 

In  view of these results i t  was thought advisable 
to reinvestigate the methoxy series. Methoxy- 
butadiene (I)6 and benzoquinone were refluxed 
in methanol for three hours to furnish the adduct, 
111, in 52y0 yield. It was converted to an aromatic 
ether, m.p. 80-81", by the procedure used in the 
ethoxy series. The tetralone, IX, was obtained on 
hydrolysis and the ultraviolet absorption spectrum 
revealed only one maximum a t  284 mp (Table I). 
This is the same wave length at which the 5.8- 
dihydro isomer in the ethoxy series (VI) absorbed. 
Accordingly, the ether was assigned structure V 
in contrast to Grob's later claim.2 

When a dry methanol solution of V was refluxed 
in the presence of Darco a new substance was 
formed, the analysis of which agreed well with 
structure X. In harmony with this formulation 
were the facts that the compound hydrolyzed to  
yield IX and showed a maximum only a t  286 mp 
(Table I). This ketal was probably formed by the 
addition of a molecule of methanol across the double 
bond of V. 

I n  an attempt to prepare an authentic specimen 
of X the tetralone, IX, was treated with methyl 
orthoformate. The reaction mixture was resolved 
into two components by means of chromatography 
on alumina. The minor product proved to  be the 
desired ketal X. The substance present in major 
amounts was an isomer of V. The tetralone, I X ,  
was formed on hydrolysis of this isomer and the 
ultraviolet absorption spectrum revealed two 
maxima, one a t  274 mp and the other a t  312 mp. 
Thus this new ether must be the conjugated com- 
pound, VII. It was prepared from X by simply 
refluxing a methanol solution containing a small 
amount of hydrogen chloride for a few hours. 

(6) Refersnce 1 pivmm the pshtinent liternturc on the preparetimu 41 
thim diene. 


