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The Friedel-Crafts acetylation of 6-ethyl-2-methoxynaphthalene in nitrobenzene is shown to occur a t  position 1, proof 
being furnished by the identity of the naphthol prepared from the reaction product, with 1,6-diethyl-Z-naphthol obtained 
from &acetyl-1-ethyl-%met,hoxynaphthalene. Some other reactions of 6-alkyl-2-naphthols (Japp-Maitland condensation 
with phenylhydraxines) and their ethers (formylation) have been investigated. 

It has been shown recently that the acyl group 
in the Friedel-Crafts acetylation of l-alkyl-2- 
methoxynaphthalenes in nitrobenzene medium 
enters position 6.l It was of interest to  investigate 
the orientation of similar acetylations in the case 
of 6-alkyl-2-methoxynaphthalenes. The starting 
material for this study was 6-ethyl-2-methoxy- 
naphthalene (I), which reacted with acetyl chloride 

CO-CH, 

in nitrobenzene and in the presence of aluminum 
chloride to  give a single ketone; this was l-acetyl- 
6-ethyl-2-methoxynaphthalene (11), since in the 
course of a Wolff-Kishner reaction i t  underwent 
simultaneously reduction and demethylation, t o  
give a sniall amount of l16-diethyl-2-naphthol (IV). 
The low yield in the last two operations is due to  the 
fact that part of the ketone underwent alkaline 
hydrolysis to 6-ethyl-2-naphthol. The structure of 
naphthol IV was established by its identity with the 
demet hylation product of 1,6-diet hyl-2-methoxy- 
naphthalene, prepared in excellent yields by Wolff- 
Kishner reduction of 6-acetyl-1-ethyl-Bmethoxy- 
naphthalene (III), this last ketone being obtained 
as a single product from the Friedel-Crafts acety- 
lation of l-et hyl-2-methoxynaphthalene. 

These results, together with others previously 
recorded,' establish positions 1 and 6 as the most 
reactive in the molecule of 2-methoxynaphthalene1 
while the main sites of Friedel-Crafts substitution 
in the molecule of 2-methylnaphthalene are po- 
sitions 6 and 8;2 it is also worth mentioning that 
2-acetnaphthalide is acetylated in positions 6 and 
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The excellent yields of 2-methosy-6-methyl-l- 
naphthaldehyde (V), obtained from the formyla- 
tion of 2-methoxy-6-methylnaphthalene, were 

CHO CN fJyO::ps >a A,,OCHa ', 
v VI 

CHa '-. CHa '-. 

further proof of the high reactivity of position 1 in 
6-alkyl-2-methoxynaphthalenes. Dehydration of 
the oxime of IT afforded 2-methoxy-6-methyl-l- 
naphthonitrile (VI). Further reactions were per- 
formed with 6-alkyl-2-naphthols, t o  show the 
greater reactivity of position 1 than in the case of 
2-naphthol itself, Thus, the Japp-Maitland con- 
densation4 of 6-alkyl-2-naphthols with phenyl- 
hydrazine gave good yields of 3-alkyl-7H-benzo- 
[c]carbazoles (VII), in contrast with the low yields 
known with 2-naphthol; also, the Wieland-Rhein- 
heimer condensation5 of 6-alkyl-Z-(phenylamino)- 
naphthalenes (VIII) with arsenic trichloride, to  
give the 3-alkyl-12-chloro-7,12-dihydrobenzo [a]- 
phenarsazines (IX), was easier than in the case of 

VI I VI11 

2-N-phenylnaphthylamine. Similarly, 6-propyl-2- 
(pheny1amino)naphthalene reacted readily with 
sulfur in the presence of iodine6 to  give an almost 
theoretical yield of 3-propyl-7H-benzo [clpheno- 

IX X 

thiazine (X) ; this compound is of practical interest 
in view of its pronounced antioxidant properties 
and its ready solubility in fats. 
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I n  the course of this work, it was found that 6- 
acetyl-1-ethyl-2-methoxynaphthalene (111) readily 
undergoes a Pfitzinger reaction with isatin to give 
2-( 1-ethyl-2-methoxy-6-naphthyl) cinchoninic acid; 
this gave on thermal decarboxylation, 2-( l-ethyl-2- 
methoxy-6-naphthyl) quinoline. 

EXPERIMESTAL 

l-Acetyl-6-ethyE-2-methoxynaphthalene (11). To a water- 
cooled, well stirred solution of 50 g. of 6-ethyl-2-methoxy- 
naphthalene and 23.2 g. of acetyl chloride in 500 ml. of 
nitrobenzene, 39.5 g. of finely powdered aluminum chloride 
was added in small portions, and the mixture left overnight 
a t  room temperature. After decomposition with dilute hy- 
drochloric acid, the nitrobenzene was removed by steam 
distillation, and the reaction product taken up in benzene. 
The benzene solution was then washed with water and 
dried over sodium sulfate, the solvent was removed, and the 
residue was vacuum-distilled to yield 45 g. (73%) of a 
ketone, b.p. 207'/20 mm., crystallizing from petroleum 
ether in lustrous colorless leaflets, m.p. 70"; no isomeric 
ketone was found in the mother liquors. 

Anal. Calcd. for C16H1602: C, 78.9; H, 7.1. Found: C, 
78.9; H, 7.3. 
I-Ethyl-,9-methoxynaphthalene. A solution of 64.7 g. of 

l-acetyl-2-methoxynaphthalene1 32 g. of 95oj, hydrazine 
hydrate, and 30 g. of potassium hydroxide in 250 ml. of 
diethylene glycol was refluxed for 2.5 hr. with removal of 
water; after cooling, water was added, the impurities ex- 
tracted in benzene, and the aqueous layer acidified with 
hydrochloric acid. The precipitate obtained was taken up 
in chloroform, the chloroform solution was washed with 
water and dried over sodium sulfate, the solvent was 
removed, and the residue was vacuum-distilled to yield 32 
g. (58%) of 1-ethyl-2-naphthol, m.p. 105", b.p. 184-185'/17 
mm. This naphthol was methylated with methyl sulfate 
(27 g.) and potassium hydroxide (11 g.), to give 29.4 g. of 
l-ethyl-2-methoxynaphthalene, b.p. 160°/20 mm., which 
solidified to colorless needles, m.p. 47". 

Anal. Calcd. for C13H140: C, 83.8; H, 7.6. Found: C, 
84.0; HI 7.5. 

The preparation of 1-ethyl-2-naphthol was found much 
more convenient by this method than by those reported in 
the literature,? as 1-acetyl-2-methoxynaphthalene could be 
readily obtained by Friedel-Crafts acetylation of neroline, 
along with some of the 6-acetyl isomer; during the Kishner- 
Wolff reaction, this last ketone is reduced with no significant 
demethylation, and the 6-ethyl-2-methoxynaphthalene thus 
formed is easily eliminated by the benzene extraction. 

6-Acetyl-1-ethyl-l-methoxynaphthalene (111). A solution of 
27 g. of 1-ethyl-2-methoxynaphthalene and 12.5 g. of acetyl 
chloride in 100 ml. of nitrobenzene was treated with 21.3 
g. of aluminum chloride in the usual may to yield 25 g. 
(75%) of a ketone, b.p. 215-216'/15 mm., crystallizing 
from ethanol in long colorless needles, m.p. 88'; here again, 
no isomer n-as found in the mother liquors. 

Anal. Calcd. for C16Hl602: C, 78.9; H, 7.1. Found: C, 
78.8; H, 7.1. 

2-( l-Ethyl-2-methoxy-6-naphthyl)cinchoninic acid. A solu- 
tion of 2 g .  of the foregoing ketone, 1.4 g. of isatin, and 1.5 g. 
of potassium hydroxide in 20 ml. of ethanol was gently 
refluxed for 24 hr., the ethanol was distilled off in a vacuum, 
and the residue treated with water; after ether-extraction 
of the neutral impurities, the aqueous layer was acidified 
with acetic acid, and the precipitate was recrystallized from 
ethanol, giving 2.5 g. (80'%) of fine yellowish needles, m.p. 
248". 

Anal. Calcd. for CnaHlsNOa: C, 77.3; H, 5.4. Found: C, 
77.0; H, 5.3. 

( 7 )  K. Fries and H. Engel, Ann., 439, 232 (1924). 

&(l-EthyL2-methoxy-6-naphthyl)quinoline, prepared by 
heating the foregoing cinchoninic acid above its melting 
point, and purified by vacuum-distillation, crystallized 
from ethanol in shiny yellowish leaflets, m.p. 148'. 

Anal. Calcd. for CalH1sNO: C, 84.3; H, 6.1. Found: C, 
84.2; H, 6.2. 

The picrate of this base crystallized from benzene in fine 
orange-yellow prisms, m.p. 235". 

1,6-Diethyld-naphthol (IV). 1,6-Diethyl-2-methoxynaph- 
thalene was prepared by reduction of 20 g. of ketone I11 
with 19 g. of 95% hydrazine hydrate and 16 g. of potassium 
hydroxide in 120 ml. of diethyl glycol. The yield was 14.5 
g. (77%) of a pale yellow oil, b.p. 183'/18 mm., n y  1.6100. 

Anal. Calcd. for ClsHliJO: C, 88.2; HI  4.0. Found: C, 
88.0; H, 4.2. 

A mixture of 13 g. of this ether and 39 g. of redistilled 
pyridine hydrochloride was refluxed for 1 hr.; on cooling, 
water was added, and the demethylation product was taken 
up in chloroform. The chloroform solution was washed with 
dilute hydrochloric acid, then with water, dried over sodium 
sulfate, the solvent removed, and the residue was vacuum- 
fractionated to yield 9.5 g. of l16-diethyl-2-naphtho1, b.p. 
189-191 "/20 mm., crystallizing from petroleum ether in 
shiny colorless needles, m.p. 75". 

Anal. Calcd. for C14H160: C, 84.0; HI 8.1. Found: C, 
83.7; H, 8.4. 

The same product was obtained, in poorer yield (10%) 
in the reduction of l-acetyl-6-ethyl-2-methoxynaphthalene 
(accompanied by demethylation) together with some 6- 
ethyl-2-naphthol (m.p. 98"). 

2-Methoxy-6-methyl-1-naphthaldehyde (V). Fifty grams of 
the methyl ether of 6-methyl-2-naphthol,8 50.5 g. of N -  
methylformanilide, and 60 8. of phosphorus oxychloride 
was refluxed for 5 hr. on a water bath; after cooling, a con- 
centrated aqueous solution of sodium acetate was added, 
and the mixture refluxed for 30 min. more. The reaction 
product was taken up in benzene, washed with dilute hydro- 
chloric acid, then with water, dried over sodium sulfate, 
the solvent removed, and the residue vacuum-fractionated. 
The yield was 50 g. (86%) of an aldehyde, b.p. 228-229"/30 
mm., crystallizing from petroleum ether in ehiuy colorless 
leaflets, -m.p. 72"; 

Anal. Calcd. for C,~H,102: C. 78.0: H. 6.0. Found: C. , ,  .. _. . , 

77.9; H, 6.0. 
The corresponding semicarbazone crystallized from cth- 

anol in shiny colorless needles, m.p. 244'. The oxime crystal- 
lized from ethanol in shiny colorless prisms, m.p. 168'. 

Anal. Calcd. for C13H&02: N, 6.5. Found: S, 6.4. 
2-fifethoxy-6-methyl-l-naphthonitde (VI). Dehydration of 

2.6 g. of the foregoing oxime was effected by shaking its 
ether solution with 3 g. of finely powdered phosphorus 
pentachloride; the ether layer was decanted, washed with 
aqueous sodium carbonate, then with water, and dried over 
sodium sulfate. The residue from evaporation of the solvent 
was recrystallized from cyclohexane, giving 1.9 g. (80%) 
of silky colorless needles, m.p. 100". 

Anal. Calcd. for ClaHilNO: C, 79.2; H ,  5.6. Found: C, 
79.0; H, 5.5. 

S-Propyl-7H-benzo[c]carbazole (VII; R = n-C3H7). A 
mixture of 4 g. of 6-propyl-2-naphtho1, 4 g. of phenyl- 
hydrazine, and 4 g. of phenylhydrazine hydrochloride was 
cautiously refluxed for 1 hr.; after cooling, dilute aqueous 
sodium hydroxide was added, and the reaction product 
taken up in toluene. The toluene layer was washed with 
water and dried over sodium sulfate, the solvent was re- 
moved, and the residue vacuum-fractionated. The portion 
boiling a t  280-305'/17 mm. (4 g., 72%) was recrystallized 
from cyclohexane, giving lustrous colorless leaflets, m.p. 
127'. This substance crystallized with solvent, which was 
eliminated only a t  115'. 

(8) K. Dziewonski, J. Schoenowna, and E. Waldmann, 
Ber., 58, 1211 (1925). 
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Anal. Calcd. for ClDHl7N: C, 88.0; H, 6.6. Found: C, 
88.2; H, 6.9. 

This carbazole gave with tetrachlorophthalic anhydride 
an orange addition-product, crystallizing from acetic acid 
in fine orange needles; with picric acid, a picrate was formed, 
which crystallized from ethanol in fine brown red needles, 
m.p. 162'. 
S-Butyl-7H-benzo[c]carbazole (VII; R = n-C4He). Simi- 

larly prepared from 4 g. of 6-butyl-2-naphtho1, this carb- 
azole (3.5 g., 64y0) crystallized from cyclohexane in lus- 
trous colorless leaflets, m.p. 127"; the crystals were solvated, 
and the solvent was given off above 115". 

Anal. Calcd. for CloHleN: C, 87.9; H, 7.0. Found: C, 
88.1; H, 7.0. 

The corresponding picrate crystallized from ethanol in 
brown red needles, m.p. 168-169'; the addition-compound 
with tetrachlorophthalic anhydride crystallized from acetic 
acid in shiny orange prisms, m.p. 165-166'. 

3-Propyl-12-chloro-7,lbdihydrobenzo [a]phenarsazine (IX; 
R = n-CaH7). 6-Propyl-2-( pheny1amino)naphthalene (VIII; 
R = n-CaH7), previously described as a viscous oil,Q was 
now obtained as a solid, m.p. 75". A solution of 2.6 g. of 
this diarylamine in 5 ml. of o-dichlorobenzene was gently 
heated with 1.1 g. of arsenic trichloride until a vigorous 
reaction set up, then refluxed for 3 min.; cyclohexane was 
then added, and the solid obtained in 85% yield was filtered 
off and recrystallized from toluene, giving shiny deep yellow 
leaflets, m.p. 217-218". 

Anal. Calcd. for ClgH17AsClN: C, 61.7; H, 3.8. Found: 
C, 61.4; H, 3.6. 

3-Methyl-1 0-phen yl-18-chloro-7,l &dihydrobenzo [ a] phen- 
arsazine. 6-Methyl-2-(p-xenylamino)naphthalene was pre- 
pared by heating for 24 hr. amixture of 3 g. of 6-methyl- 

(9) iY, P. Buu-Hoi, R. Royer, B. Ecliert, and P. Jac- 
quignon, J ,  Chem. SOC., 4867 (1952). 

~- 

%naphthol, 4 g. of p-aminobiphenyl, and 0.1 g. of iodine;'O 
the reaction product was taken up in benzene, the benzene 
solution washed with aqueous sodium hydroxide, then with 
water, dried over sodium sulfate, the solvent removed, and 
the residue recrystallized from ethanol, giving shiny color- 
less needles, m.p. 170". The yield was 1.6 g. (27.5%). 

Anal. Calcd. for C2aH1JV: C, 89.3; H, 6.2. Found: C, 
89.2; H, 6.2. 

Condensation of this amine (3.1 9.) with arsenic tri- 
chloride (1.1 g.) in o-dichlorobenzene was almost instan- 
taneous, and gave a 90% yield of the phenarsazine, which 
crystallized from o-dichlorobenzene in shiny deep yellow 
prisms, melting with decomposition at  268", and giving a 
deep blue coloration in sulfuric acid. 

Anal. Calcd. for C2aHi7AsClN: C, 66.1; H, 3.4. Found: 
C, 65.8; H, 3.1. 
S-Propyl-7H-benzo[c]phenothiazine (X). A mixture of 2.6 

g. of 6-propyl-2-( pheny1amino)naphthalene and 0.64 g. of 
sulfur was heated with 0.02 g. of iodine until a vigorous 
reaction set up, then kept a t  150-160" for 2 min.; the 
reaction product gave on recrystallization from cyclohexane, 
2.1 g. (72%) of pale yellow needles, m.p. 143-144", giving 
a deep blue coloration in sulfuric acid. 

Anal. Calcd. for C19H&S: C, 78.3; H, 5.9. Found: C, 
78.2; H, 6.2. 

6-Butyl-2-(phenylamino)naphthalene (VIII; R = n-C4Ho). 
This amine, prepared in the usual way from 3 g. of 6-butyl- 
2-naphthol, 2 g. of aniline, and 0.05 g. of iodine, boiled at  
277-279"/20 mm., and crystallized from petroleum ether 
in shiny needles, m.p. 60". Yield: 2 g. (48%). 

Anal. Calcd. for C20H2,N: C, 87.2; H, 7.7. Found: C, 
87.1; H, 8.0. 

PARIS Ve,  FRANCE 

(10) See K. P. Buu-Hoi, J .  Chem. SOC., 4346 (1952). 
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Directions for the preparation of five alkcnylphenols arc reported. 

Five alkenylphenols were prepared for evaluation 
as monomers-o-vinylphenol, m-vinylphenol, p- 
vinylphenol, m-isopropenylphenol, and p-isopro- 
penylphenol. Of these alkenylphenols, o-vinyl- 
phenol and p-vinylphenol are the most accessible. 
Five preparative methods were employed: ( a )  de- 
carboxylation of o-coumaric acid for o-vinylphenol ; 
( b )  dehydrogenation of m- and p-ethylphenols for 
m- and p-vinylphenols, dehydrogenation of m- 
and p-isopropylphenols for m- and p-isopropenyl- 
phenols; (e) hydrogenation of p-acetoxyaceto- 
phenone followed by dehydration-hydrolysis for 
p-vinylphenol ; (d)  cracking of 2,2-bis(p-hydroxy- 
pheny1)propane and 2,2-bis(p-acetoxyphenyl) 
propane for p-isopropenylphenol; ( e )  depoly- 
merization of poly-p-isopropenylphenol for p -  
isopropenylphenol. 

o-Vinylphenol has usually been prepared by the 

decarboxylation of o-coumaric acid.'-' It has also 
been prepared from salicylaldehyde via the Grig- 
nard reaction* and by the pyrolysis of 2,4-dimethyl- 
1,3-benzodio~ane.~ Our starting material was o- 
coumaric acid. We confirmed the findings of 
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