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under reflux with 150 ml. of glacial acetic acid 20 ml. of 40% 
hydrobromic acid for 20 hr. and the solution was poured on 
ice, made alkaline with aqueous potassium hydroxide, and 
the hydrocarbon was extracted with ether benzene. The 
crude oily product was taken up in Skellysolve C and was 
chromatographed over alumina to yield 3.6 g. of a yellow 
solid which after several recrystallizations from Skellysolve 
B afforded 1.57 g. (27%) of pure Vb, m.p. 142.5-143.5', as 
very pale yellow needles. 

Anal. Calcd. for ClgHlaF: C, 87.7; H, 5.0; 7.3. Found: 
C, 87.5; H, 5.3; F, 7.1. 

(b) Cyclization of 2.6 g. of the crude methyl ketone ob- 
tained in the previous experiment with 23 g. of polyphos- 
phoric acid as described for Va, followed by chromatographic 
purification of the crude hydrocarbon furnished 0.80 g. 
(33%) of Vb, m.p. 142.2-143.0' undepressed by the product 
obtained above. 
4'-Fluoro-l,8-benzanthracene (IVb). A solution of 8.1 g. 

of finely ground I I Ib  in 81 ml. of coned. sulfuric acid was 
kept a t  room temperature for 2 hr. and then poured on ice. 

The anthrone was collected and refluxed for 7.5 hr. with a 
mixture of 40 g. of zinc dust (activated with copper sulfate), 
500 ml. of water, and a solution of 66 g. of sodium hydroxide 
in 200 ml. of water. After cooling and acidifying with 180 
ml. of concentrated hydrochloric acid, the solids were col- 
lected, dried, and extracted with 250 ml. of refluxing ben- 
zene. The benzene extract on cooling furnished 3.85 g. of 
crystalline product, m.p. 169.5-172.0°. Crystallization from 
benzene after treatment with charcoal furnished 2.07 g. of 
a I crop of very pale yellow crystals m.p. 171.5-172.0" and 
1.3 g. of product, m.p. 170-172'. The latter after chroma- 
tographic purification afforded 0.95 g. pure hydrocarbon, 
m.p. 171.5-172', the total yield of pure hydrocarbon 
amounting to 3.02 g .  (42.5%). The analytical sample, m.p. 
171.5-172.0", was obtained by recrystallization from a mix- 
ture of benzene and Skellysolve B. 

Anal. Calcd. for C18HllF: C, 87.8; H, 4.5; F, 7.7. Found: 
C, 87.9; H, 4.6; F, 7.6. 
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Reaction of 2,6-dimethylol-.p-cresol with aromatic primary amines resulted in the formation of N-(2-hydroxy-3-methylol- 
5-methylbenzy1)arylamines (I). Nitroso compounds (11) were obtained upon nitrosation of 1, indicating that they were 
secondary amines Benzoxazine compounds (111) were prepared by reaction of I with formaldehyde. Tn the same manner 
N-(4-hydroxybenzyl)arylamines (IV) and their nitroso compounds (V) were obtained from 4-methylolphenol. Twenty-six 
new compounds, and two compounds obtained by two new methods were prepared and studied. 

Aromatic amine-phenol-formaldehyde resins 
which are formed by the condensation of amine, 
phenol, and formaldehyde are noted for their high 
electric resistance. However, it is rarely reported 
whether they are simple mixtures of aromatic 
amine-formaldehyde and phenol-formaldehyde 
resins or copolymers of the three constituents. 

This work is a study of the initial condensation 
products of amines, phenols, and formaldehyde. 

The condensation of phenols with formaldehyde 
and primary2 or secondary3 aliphatic amines has 
been studied in several laboratories. o-illkylamino- 
methyl-p-substituted phenol, N,N-bis-(2-hydroxy- 
benzy1)alkylamines and a new series of 3,4-di- 
hydro - 3,6 - disubstituted - 1,3,2H - benzoxazine 
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were obtained directly from three reactants in the 
presence of alcoholic potash in certain  instance^.^ 

The condensation of phenols with formaldehyde 
and primary aromatic amines has also been studied6 
by several workers, the following products being 
obtained : N-(2-hydro~ybenzyl)aniline,~J N-(2-hy- 
droxybenzyl)-p-toluidine,6 N-(4-hydroxybenzyl)- 
aniline,6 N-(4-hydroxybenzyl)-p-toluidine6 and N-  
nitroso-N-(4-hydroxybenzyl)aniline.~ 3,4-Dihydro- 
3-p-tolyl-6-t-butyl-1,3,2H-benzoxazine and 3,4-di- 
hydro-3-p-tolyl-6-bromo-l,3,2H-benzoxazine were 
also prepared by Burke and co-w~rkers.~ 
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The present study deals with the condensation 
of primary aromatic amines (Le. ,  o-anisidine, p -  
anisidine, p-chloroaniline, p-bromoaniline, p-tolul- 
dine, p-phenetidine, and aniline) with 2,6-dime- 
thylol-p-cresol or 4-methylolphenol in ethanol solu- 
tion by Burke's method. N-(2-hydroxy-3-methylol- 
5-methylbenzy1)arylamines (I) and N-(4-hydroxy- 
benzy1)arylamines (IV) were obtained as initial 
condensation products respectively. The alcoholic 
hydroxyl of the methylol group was' detected 
by Nessler's reagent,1° and the phenolic hydroxyl 
in the product from the 2,6-dimethylol-p-cresol 
was identified with the ferric chloride testll and 
the phenolic hydroxyl in the product from the 4- 
methylolphenol with Linter's12 reagent. 

The amines I and IV reacted with sodium 
nitrite in the presence of hydrochloric acid to yield 
nitroso compounds whose analysis and chemical 
behavior revealed the presence of one nitroso group 
joined to  the methylolphenol and showed a second- 
ary amine property. I reacted quantitatively 
with formaldehyde to form 3,4-dihydro-3-aryl-6- 
methyl-&methylol-l,3,2H-benzoxazine which was 
unstable when heated. 

Each structural formula was established by 
elementary analysis, measurement of molecular 
weight, and behavior of each radical. 

In Tables I, 11, and I11 are listed the properties 
and results of chemical analyses of the new products 
obtained. 

EXPERIMENTAL 

The 2,6-dimethylol-p-cresol and 4-methylolphenol used 
herein were synthesized according to Auwers' methodla 
(m.p. 129.0') and Manasse's method'* (m.p. 12O.Oo), respec- 
tively. 

N-(bHydroxy-S-r/lethylol-6-methylbenxyl)-p-anisidine (1). 
A mixture of 33.6 g. of 2,6-dimethylol-p-cresol (0.2 mole), 
24.6 g. of p-anisidine (0.2 mole) and 300 ml. of ethanol con- 
taining 1.2 g. of potassium hydroxide was gently refluxed 
for 8 hr. The reaction mixture was then allowed to cool and 
neutralized with acetic acid. Unreacted p-anisidine was 
removed by steam distillation. The resulting solid product 
was dissolved in benzene and allowed to stand for one day. 
A white solid was obtained; crystallization from benzene- 
ligroin (1: l), yielded 6.3 g., m.p. 120.0", Nessler's reagent 
positive, ferric chloride test positive. 

Compounds 3, 5, 7, 9, 11, and 12 were synthesized in a 

(10) J. Nessler, Arch. Phaim., 244, 373 (1906). 
(11) S. Soloway and S. H. Willen, Anal. Chem., 24, 979 

(12) Linter, 8. Angew. Chem., 13, 707 (1900). 
(13) K. Auwers, Ber., 40, 2532 (1907). 
(14) (a) 0. Manasse, Ber., 27, 2409 (1894); (b) U. S. 

(1952). 

Patent 526,786 (1894). 

manner similar to that described above. For their properties, 
see Table I. 

N-Nitroso-N-( %hydroxy-S-methylol-6-methylbenzyl)-p- 
anisidine (2). To a solution of 2.5 g. of compound 1 in dilute 
hydrochloric acid a t  a temperature below 5', was added 0.6 
g. of sodium nitrite with stirring. A light reddish resinous 
product was obtained. It was dissolved in ether and neu- 
tralized with sodium carbonate solution. After washing 
with water, a light reddish-brown, crystalline solid was 
obtained upon removal of ether a t  room temperature; re- 
crystallization from methanol yielded 1.0 g. of tabular 
crystals, m.p. 93.0", Nessler's reagent positive, Lieber- 
rnann'sl6 reaction positive, ferric chloride test positive. 

Compounds 4, 6, 8, 10, and 13 were synthesized in a 
manner similar to that described above. For their properties, 
see Table I. 

Sl4-Dihydro-5-p-anis yl-6-meth yl-8-methyEol-1,S,2H-benz- 
oxazine (14) .  To 3.0 g. of compound 1 dissolved in 50 ml. 
of methanol was added 1.6 ml. of 37% formajdehyde solu- 
tion. The mixture was gently refluxed on a water bath for 
2 hr. After some water was added, the reaction mixture was 
allowed to cool to room temperature. A white solid sub- 
stance was obtained, filtered, and recrystallized from 
methanol to give 1.0 g. of white leaflet crystals, m.p. 108.0", 
Nessler's reagent positive, ferric chloride test negative. 

Compounds 15, 16, 17, and 18 were synthesized in a 
manner similar to that described above. For their properties, 
see Table 11. ' 
N-(4-Hydvoxybenzy1)-p-bromoaniline (19). This compound 

was prepared essentially in the same manner as compound 1 
except that 12.4 g. of 4-methylolphenol (0.1 mole) and 17.2 
g. of p-bromoaniline (0.1 mole) were used: recrystallization 
from ligroin-benzene (4: 1) ;  white granular crystals, yield 
5.2 g., m.p. 86.4", readily soluble in acetone, alcohol, ben- 
zene, ether, and chloroform; slightly soluble in ligroin, 
insoluble in water, Nessler's reagent negative, Linter's 
reaction positive. 

Compounds 21, 23, 25, and 27 were synthesized in a 
manner similar to that described above. For their Droaerties. . .  
see Table 111. 
hT-Nitroso-N-(4-hydroxybenzyl)-p-bromoaniline (10). This 

compound was prepared essentially in the same manner as 
compound 2 except that 3.5 g. of compound 19 was used 
in place of compound 1 : recrystallization from ligroin- 
benzene (1: 1) gave 3.0 g. of light yellow granular crystals, 
m.p. 131.4", readily soluble in acetone, alcohol, benzene, 
chloroform, and ether; slightly soluble in ligroin, insoluble 
in water, Liebermann's reaction positive, Linter's reaction 
positive. 

Compounds 22, 24, 26, and 28 were synthesized in a 
manner similar to that described above. Fortheir properties, 
see Table 111. 
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