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Polymerization of £-Vinylbenzyl d-s-Butyl Ether.—A 
mixture of 0.7600 g. of the styrene derivative and 0.1748 g. 
of benzoyl peroxide was made up to 10 cc. in dry dioxane 
and placed in a 1-dm. water-jacketed polarimeter tube and 
held at 55°. The rotation of this solution when first 
measured was +0.917°. After heating at 55° for twenty-
four hours the rotation had dropped to +0.722°. Read
ings were made at various intervals during this time and 
the results of the experiment are plotted in Curve I. I t 
will be noted that the best curve is obtained when first 
order kinetics are assumed. The errors in reading any one 
rotation are probably about 10%. The polymer which 
precipitated from the solution at the end of the run by 
adding methyl alcohol was a soft mass which could not be 
obtained in a satisfactory state for further study. Evapora
tion of the solvent gave a brittle mass. In order to obtain 
a sample for analysis, a dioxane solution of this polymer 
was slowly dropped into 100 cc. of methyl alcohol with 
vigorous stirring. One cubic centimeter of concentrated 
hydrochloric acid was added, 10 cc. of water and the 
solution allowed to stand for over twelve hours. A gummy 

powder or a gum settled which hardened on standing. 
This was finely ground and dried for two weeks in a vacuum 
desiccator. 

Anal. Calcd. for (C12Hi8O)n: C, 82.05; H, 9.53. 
Calcd. for C6H6CO2I(C18H1JO)8(O)Ii]n: C, 73.27; H, 8.25. 
Found: C, 73.47; H, 8.44. 

Summary 
^-Vinylbenzyl d-s-butyl ether, an optically 

active styrene derivative, has been prepared and 
polymerized. The rotation change during poly
merization is not great and accurate kinetic 
studies are difficult to make. The indication is 
that the polymerization follows first order kinetics. 

Some methyl ethers related to the intermediates 
were synthesized by new methods or for the first 
time and they were characterized. 
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The Reaction of 7-Anisyl-Y-butyrolactone with Potassium Cyanide: 6-Methoxy-
l,2,3,4-tetrahydro-2-naphthoic Acid 

BY CHARLES C. PRICE AND WILLIAM KAPLAN 

The reaction of 7-anisyl-Y-butyrolactone (I) 
with potassium cyanide1 was studied in an attempt 
to prepare 'y-anisyl-7-cyanobutyric acid, which 
was desired for a projected synthesis of 6-meth-
oxy-l,2,3,4-tetrahydro-l-naphthoic acid. How
ever, the product finally obtained was shown to 
be 6-methoxy-l,2,3,4-tetrahydro-2-naphthoic acid 
(V), indicating that the reaction of potassium 
cyanide with 7-anisyl-Y-butyrolactone involves a 
rearrangement leading to the formation of 7-
anisyl-|3-cyanobutyric acid (II). 

2-naphthoic acid was established by dehydro-
genation with sulfur or palladium on charcoal to 
yield 6-methoxy-2-naphthoic acid (VI). The 
identity of the dehydrogenation product was es
tablished by its melting point, the melting point 
of its amide and by a mixed melting point of each 
with authentic samples.3 

Experimental 
/3-Anisoylpropionic Acid.—Following the directions of 

Fieser and Hershberg,4 a 9 5 % yield of 0-anisoylpropionic 
acid, m. p. 144°, was obtained from the reaction between 
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A similar rearrangement was observed by Blaise,2 

who found that the reaction of potassium cyanide 
with 7-methyl-7-valerolactone yielded 7-methyl-
/3-cyanovaleric acid instead of the expected 7-
cyano acid. 

The structure of 6-methoxy-l,2,3,4-tetrahydro-
(1) Wislicenus, Ann., 233, 101 (1886). 
(2) Blaise, Compt. rind.. 124, 89 (1897). 

anisole (302 g.) and succinic anhydride (294 g.) in the 
presence of aluminum chloride (777 g.) when the precau
tion was taken of finely powdering the succinic anhydride 
crystals. 

Y-Anisyl-7-butyrolactone.—The keto-acid (140 g.) was 
added to 1 liter of absolute ethyl alcohol and the solution 
refluxed for several days, water being removed by calcium 

(3) Fries and Schimmelschmidt, Bn., SS, 2840 (1925). 
(4) Fieser and Hershberg, T H I S JOURNAL, 88, 2314 (1936). 
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carbide in a Soxhlet extractor. Upon completion of esteri-
fication the excess alcohol was removed by distillation and 
500 cc. of isopropyl alcohol and 85 g. of vacuum-distilled 
aluminum isopropylate were added. Distillate boiling 
at 60° was very slowly removed through a fractionating 
column until ten drops failed to give a precipitate with a 
dilute hydrochloric acid solution of 2,4-dinitrophenyl-
hydrazine. The isopropyl alcohol was then removed by 
distillation and excess 2 0 % sulfuric acid added. The or
ganic layer and the ether washings of the aqueous layer 
were combined and extracted with sodium hydroxide solu
tion. The material remaining in the ether was refluxed for 
several hours with sodium hydroxide solution after removal 
of the ether by distillation. This sodium hydroxide solu
tion was then washed with ether and added to the previous 
sodium hydroxide solution. The combined solutions 
were acidified and kept on the steam cone for an hour. 
The organic layer was taken up in ether and washed with 
dilute sodium bicarbonate solution. The ether solution 
was concentrated and placed in the icebox for several days. 
The lactone crystallized; filtration yielded 96 g. (79%) of 
7-anisyl-7-butyrolactone. 

7-Anisyl-0-cyanobutyric Acid (II).—The lactone (101 g.) 
and dried potassium cyanide (100 g.) in small crystals were 
put in a flask which had been dried in a Bunsen flame. A 
mechanical stirrer was attached. Dry nitrogen was 
passed slowly into the flask, which was kept at 210° for 
three and a half hours. The cold mass was dissolved in 
water and washed with ether. The water solution was 
acidified under the hood, cooled and extracted with ether. 
The ether was extracted with sodium bicarbonate solution 
and the dissolved ether was removed from the bicarbonate 
solution at room temperature by bubbling air through the 
solution. When the bicarbonate solution was acidified, 
a brown oil separated which solidified in a few hours. 
The solid mass was washed several times with cold ben
zene until the washings were colorless. A yield of 35 g. of 
tan solid was obtained which was used directly in the next 
step. Pure crystals for analysis and neutral equivalent 
were obtained by extraction of the light tan solid with a 
mixture of 50% benzene and 50% heptane in which the 
compound was moderately soluble at elevated tempera
tures. The pure y-anisyl-(3-cyanobutyric acid (II) 
melted at 116.5° (cor.). 

Anal. Calcd. for C12Hi3O3N: C, 65.74; H, 5.98; N, 
6.38; neut .eq. ,219. Found: C, 65.90; H, 5.98: N, 6.23; 
neut. eq., 221. 

The reaction mixture must be worked up in the cold or an 
oily tar will be obtained which can only be purified by 
chromatographic adsorption on alumina. 

6-Methoxy-4-keto-l,2,3,4-tetrahydro-2-naphthamide 
(III).—Usual methods of ring closure, such as treatment 
with sulfuric acid or treatment of the acid chloride with 
aluminum chloride were unsuccessful. A sample of light 
tan cyano-acid (35 g.) was poured into a stainless steel 
bomb (250-cc. capacity) almost full of anhydrous hydrogen 
fluoride. The bomb was sealed and heated at 100° for 
one hour. The hydrogen fluoride was then allowed to 
evaporate for two days. Ether was poured into the bomb 
and the contents of the bomb transferred to a beaker. 
Water and sodium bicarbonate were added till the solution 
was neutralized. The brownish precipitate was separated 
and extracted with boiling alcohol. The alcohol was 
evaporated and the resulting tar was extracted several 
times with boiling water. When no more material could 
be extracted from the tar, concentrated sulfuric acid was 
added to it. After a week the acid was diluted with 
water and the tar was boiled with 20% sodium hydroxide. 
The small white residue thus obtained was added to the 
material previously extracted from the tar and the whole 
was washed with dilute sodium hydroxide and recrystal-
lized from water. A yield of 10 g. of 6-methoxy-4-keto-
l,2,3,4-tetrahydro-2-naphthamide ( I I I ) , m. p. 178° (cor.), 
was obtained. 

Anal. Calcd. for C12H13O3N: C, 65.74; H, 5.98; N. 
6.38. Found: C, 65.59: H. 5.97: N. fi.59 

The oxime was prepared following the directions of 
Shriner and Fuson,6 m. p. 217-219° (cor.). 

Anal. Calcd. for Ci2HuO1N2: C, 61.95; H, 6.02; N, 
11.92. Found: C, 62.16; H, 6.25; N, 12.06. 

6-M ethoxy-1,2,3,4-tetrahy dro-2-naphthamide (IV). — 
The amide (400 mg.) and 0.4 g. of 10% palladium on char
coal were put in a citrate bottle and 40 cc. of absolute alco
hol added. The bottle was put in a shaker under 41 lb. 
pressure of hydrogen for two hours. The catalyst was 
then removed by filtration and the alcohol evaporated. 
The residue was washed with ether and recrystallized from 
boiling water. A yield of 250 mg. (68%) of 6-methoxy-
l,2,3,4-tetrahydro-2-naphthamide, m. p, 141° (cor.), was 
obtained. 

Anal. Calcd. for Ci2Hi6O2N: C, 70.22; H, 7.37; N, 
6.83. Found: C, 70.40; H, 7.57; N, 6.66. 

6-Methoxy-l,2,3,4-tetrahydro-2-naphthoic Acid (V).—A 
sample of 0.866 g. of the amide in 12 cc. of hydrochloric 
acid, 12 cc. of water and 8 cc. of glacial acetic acid was re-
fluxed for three hours. The precipitate was removed by 
filtration and dissolved in sodium bicarbonate solution. 
The solution was acidified after treatment with Norite. 
The original mother liquor was evaporated to a small 
volume and the precipitate worked up with the main 
fraction. A yield of 0.730 g. (85%) of 6-methoxy-l,2,3,4-
tetrahydro-2-naphthoic acid, m. p. 151° (cor.), was ob
tained. 

Anal. Calcd. for C12HuO2: C, 69.88; H, 6.84. Found: 
C, 69.65; H, 6.87. 

Attempts at demethylation with alcoholic potassium 
hydroxide and with glacial acetic acid-constant boiling 
hydrobromic acid mixtures were unsuccessful. 

Dehydrogenation to 6-Methoxy-2-naphthoic Acid.—The 
amide (0.389 g.) and sulfur (0.140 g.) were heated at 210-
245 ° for twenty minutes. The reaction mixture was sub
limed at 5 mm. and sulfur removed from the sublimate with 
concentrated sodium sulfide solution. The residue was 
digested with alcohol and recrystallized from benzene. 
The product melted at 225° and gave a positive test for 
sulfur upon elementary analysis. This substance was 
probably the thio-amide. The amide was hydrolyzed with 
an alcoholic potassium hydroxide solution and an acid was 
obtained which melted a t 194-196°. Dehydrogenation 
of the 6-methoxy-l,2,3,4-tetrahydro-2-naphthoic acid 
with sulfur also gave a product melting at 194-196°. 
The same compound was also obtained by catalytic de
hydrogenation of the acid with palladium on charcoal. 

An authentic sample of 6-methoxy-2-naphthoic acid 
prepared by the method of Fries and Schimmelschmidt3 

sintered at 186° and melted at 196°. I t displayed the 
same characteristics when mixed with the dehydrogenation 
product. (Fries and Schimmelschmidt3 reported that the 
acid sintered at 190° and melted at 209°.) 

An authentic sample of 6-methoxy-2-naphthamide, pre
pared from the authentic acid by the method of Shriner 
and Fuson,6 melted at 220-221 ° (lit.,3 219°). The amide 
prepared from the dehydrogenation product melted at 
the same point as also did a mixture of the authentic and 
dehydrogenation samples. 

Summary 

The reaction between potassium cyanide and 
Y-anisyl-Y-butyrolactone resulted in the formation 
of y-anisyl-|8-cyanobutyric acid. The successful 
conversion of this cyano acid to 6-methoxy-4-keto-
l,2,3,4-tetrahydro-2-naphthamide and 6-meth-
oxy-1,2,3,4-tetrahydro-2-naphthoic acid has been 
described. 
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(5) Shriner and Fuson, "Identification of Organic Compounds," 
2nd edition. John Wiley and Sons. Inc.. New York. N. Y.. 1940. 


