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ketone with aluminum isopropoxide.10 TO the chilled purple 
reaction mixture waa added 6 ml. of water followed by 6 ml. 
of concd. hydrochloric acid. After stirring for 30 min. the 
reddish brown solid waa collected, washed thoroughly with 
water and recrystallized from a large volume of ethanol to 
give 0.7 g. (73%) of tan needles, m.p. 188'. 

A d .  Calcd. for C12HlsBrClNO.r: C, 45.23; H, 4.11; N, 
4.39. Pound: C, 44.98; H, 4.02; N, 4.51. 

a-Bis( &h ydrox yethyl)aminamethyG6-methozy-4-quinoline- 
methanol dihydrochloride. A mixture of 0.6 g. of the above 
bromohydrin and 2.8 g. of iminodiethanol waa stirred a t  
50" for 29 hr. After pouring into 15 ml. of water the mixture 
waa extracted with chloroform. To the solid remaining after 
removal of the chloroform 2.5 ml. of 2N hydrochloric acid 
was added. Removal of the water in a vacuum desiccator 
left 0.45 g. of residue which was recrystallized from methanol- 
ether. 

a- Bis( 19-chloroethyl)aminomethylS-methozy-4-~inoli~ 
methanol hydrochloride. (IV). This waa prepared by the gen- 
eral method from the above dihydrochloride. The air-dried 
product after recrystallization from methanol-ether formed 
clusters of tiny orange needles. This waa a solvated dihydrc- 
chloride which lost solvent and one molecule of hydrogen 
chloride on drying under vacuum a t  50". 

a-Bis( p-h ydroxyefhyl)aminomethyG8-chlor0-3-ph.y1-~- 
quinolinemethunol. A mixture of 4.8 g. of a-bromomethyl-8- 
chlorc-2-phenyl-4quinoline methanol8 and 16.0 g. of imino- 
diethanol was stirred and heated at 75" for 22 hr. and then 
allowed to stand a t  room temperature for 4 days. It was 
then poured into 100 ml. of cold water with stirring. The 
tan solid was collected and taken up in 1QO ml. of hot ben- 
zene. After treatment with decolorizing carbon, petroleum 
ether (b.p. 60-75') waa added to turbidity. On scratching, 
the substance crystallized. 

a-Bis( &chloroelhyl)amanomethyl-8-chEr~2-phe7lylquzno- 
Zinemethanol. (V). Prepared by the standard procedure, this 
formed clusters of small yellow needles from methanol- 
ether. 

a-Bis( ~ h y d r o z ~ l e t h y l ) a m i n o ~ t ~ y l - 2 - (  4'-cklorophen y1)- 
4-quirwlinemelhunoZ. A mixture of 1.5 g. of a-bromomrthvl- 
2(4'-chlorophenyl)-4quinolinemethanolS and 5.6 g. of 
iminodiethanol was stirred and heated at 62" for 23 hr. 
On pouring into water, the product separated and was 
recrystallized from absolute ethanol. 

cr-Bis(@hloroethyl)aminometh yl-24 4'-chlorophen y1)- 
4-quinolinmethanol (VII). Prepared by the standard 
method this formed a hemihydrate from absolute methanol- 
ether. It could not be dried without decomposition. 

c u - B ~ o m o m e t h y l G , S o r ~ ~ - p ~ n ~ l - ~ - ~ i ~ i n o l  inemethanol, 
This wm prepamd by aluminum isopropoxide reduction of 
the bromo ketone.* A reaction time of 5 hr. was necesmry 
for completion. The substance melted a t  145" dec. after 
recrystallization from a 2: 1 mixture of ligroin and dioxane. 
Reported' m.p. 130-131' dec. 

A d .  Calcd. for Cl,HIBrCINO: C, 51.41; H, 3.04; N, 
3.53. Found: C, 51.65; H, 3.08; N, 3.64. 

a-Bis( &hydrozydhyl)ominomethyl-6,8-dichloro-,$-phen yl- 
4-q~imlinemethanol. The above bromohydrin was stirred 
with a 10-fold excess of iminodiethanol at 100" for 4 days. 
After pouring into ice water, the crude compound W:LY 
recrystallized from acetonitrile. 

a-Bis( & W h y l (  uminometh~l-6,8-dihloro-~-p~~~~l- 
4-quinolinemethanol. (VI). This wasprepared by the standard 
procedure. The crude product became slightly gummy on 
filtration and was dried immediately in a vacuum desicciitor 
before recrystallization from absolute methanol. 

CHydroxy~-(24-hydroxyethyl-$-(&phenyl-4-quinol yl)-mor- 
pholine (XIII). To a solution of 48 g; of iminodiethanol in 
750 ml. of acetone was added with stirring, 40.8 g. of crridp 
~-bromomethyl-2-phenyl-4-quinolyl ketone hydrobromidc. 
A second liquid phase appeared a,a the ketone hydrobroniide 
dissolved. After stirring for 30 min. 400 ml. of water u-as 
added and the mixture became homogeneous. .ifter rc'frig- 
eration, the solid was collected and washed successivcly 
with aqueous acetone, water and acetone. Recrystalliz:ition 
from 2 1. of acetone gave I f  g. (48y0) of short squarp prisms, 
m.p. 160-164'. An additional 5.1 g. was obtainrd from t l l v  

mother liquor. 
Anal. Calcd. for C I ~ H W Y ~ O ~ :  C, 71.98; H, 6.33; N, 8.00. 

Pound: C, 71.95; H, 6.27; N, 8.07. 
Hydrochloride of XIII. When XI11 was dissolvrd in 2.V 

hydrochloric acid the dihydrochloride separated as color le~~ 
crystals with no well-defined melting point. after drying in 
a desiccator the substancc still ret'ained two waters of crystd- 
lization. 

A d .  Calcd. for C Z ~ H ~ ~ C ~ ~ N ~ O ~ ~ ~ H ~ O :  C, 54.91; H, G,l4; 
N, 15.44. Found: C, 55.12; H, 6.32; N, 15.31. 

When XI11 was treated with thionyl chloridc in chloro- 
form accordiiig to the standard procedure, only the hydro- 
chloride was obtained. Idrntity was cstahlishcd on tho basis 
of infrared spectra. 
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AU of the isomeric pdimethylaminophenylazoquinolines have been prepared as well as the isomeric p-dimethylaniino- 
phenylazoquinoline N-oxides in order to compare their carcinogenic activity. In the latter syntheses it was necessary to 
prepare the isomeric acetamidoquinoline .V-oxides and the corresponding aminoquinoline N-oxides. 

As part of a general project on the relationship of 
chemical structure to carcinogenic activity, Brown 
- 

( 1) Present address: Chemistry Department, University 
of Kentucky, Lexington, Kentucky, to whom all inquiries 
should be directed. 

and co-workers2 have shown that there is a wide 
range of activity in the three possible isomers of 
the monopyridine analogs of p-dimethylaminoaio- 

(2) E. V. Brown et al., Cancer Reeearch, 14, 22 (1964) I 
14, 715 (1954). 
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TABLE I 
TIXE D-DIMETHYLAMINOPHENYLAZOQUINOLINES 

Isomers Method Yield, 
Position Used % M.P. 

Calcd., % 
C H 

Found, 7* ----- 
C H 

2 - 7 151-152 73.89 5.84 73.50 5.92' 
3 A 68 155.5-156.5 73.89 5.84 73 I 75 5.857 
4 B 50 197.5-199 73.89 5.84 73 I 98 5. 8g7 
5 A G9 156-158 73.89 5.84 74.29 6.00' 
6 B 71 167-168 73.89 5.84 73 I 78 5.79' 

A 69 182-184 73.89 5.84 74.10 5.92' 
A 45 122-123 73.89 5.84 73 I 74 5.72% 

TABLE I1 
THE ( ~DIMETHYLAMINOPHENYLAZO) QUINOLINE N-OXXDES 

Isomer Method Yield, Calcd., % Found, % 
Position Used 5% M.P. C H C H 

2 B 45 191 69.84 5.62 69.73 5.438 
3 A 69 193-194 69.84 5.52 69.77 5.547 
4 A 41.3 199-200 69.84 5.52 69.89 5.757 
5 A 72.4 197-198 69.84 5.52 69.71 5.60' 
6 A 73 224 88.84 5.52 69.74 5.47' 
7 A 71 2 17-218 69.84 5.52 69.80 6.63' 
8 B 55 171 69.84 5.52 69 I 72 5.48% 

benzene-that is, the pdimethylaminophenyl- 
azopyridines. Further variation in activity was 
observed when the pyridine nitrogen was con- 
verted to the N-oxide. The interesting results ob- 
served in the pyridine series led us to attempt the 
syntheses of the isomeric pdimethylaminophenyl- 
azoquinolines as well as their corresponding N -  
oxides. In  this new series we have the interesting 
possibility of attaching the azo linkage to either 
pyridine or the benzene rings of the quinoline 
nucleus and thereby preparing compounds which 
can be considered pyrido analogs of Butter yollow or 
benzo analogs of the previously prcpared pyridine 
azo dyesq2 

In general, the new quinoline azo compounds 
were prepared by diazotization of the proper amino- 
quinoline and coupling of the diazonium salt with 
N,N-dimethylaniline. However, as 2-aminoquino- 
line does not diazotize and couple normally, 2- 
(pdimethylaminophenylazo)quinolinc was pre- 
pared by the method of Brown and IG~eminger.~ 
This method involves the reaction of the sodium 
derivative of the amine with pnitrosodimethylani- 
line. 

The quinoline N-oxide azo compounds were also 
prepared from the available aminoquinolines by 
acetylation, oxidation of the acetyl compounds 

(3) E. V. Brown and R. W. Faessinger, J .  Am. Chem. Soc., 
73, 4606 (1951). 

with peracetic acid followed by hydrolysis to 
the aminoquinoline N-oxides. These were diazotized 
and coupled with dimetbylaniline. The only excep- 
tion was 4aminoquinoline N-oxide which'was read- 
ily prepared by the low pressure hydrogenation 
of 4-nitroquinoline N-oxide.' 

The azo compounds are listed in Tables I and I1 
and the aminoquinoline N-oxides in Table 111. 

All the compounds listed in the three tables are 
new. 6-(pDimethylaminophenylazo)quinoline was 
reported by K n e ~ p p e l , ~  but from his description it 
is very doubtful that he had this compound. 

The results of the biological studies are reported 
in another place.% 

EXPERIMENTAL 

BAminoquinoline waa prepared from commercially avail- 
able 2chloroquinoline thru 2-hydrazinoquinoline and 
reduction' in an overall yield of iOo/o. 

3-Aminquinoline waa obtained from Eastman Kodak. 4- 
Aminoquinoline was prepared by high pressure hydrogena- 
tion of Pnitroquinoline N - ~ x i d e . ~  

(4) E. Ochiai, J .  Org. Chem., 18, 534 (1953). 
(5) C. Kneuppel, Ann., 310,87 (1899). 
(6) J .  National Canwet Institute, 26, 1461 (1961). 
(7) These analyses courtesy of the Warner-Chilcott 

(8) These analyses by Drs. Weiler and Strauss, Analytical 

(9) W. Marckwald and E. Meyer, Bet., 33, 1894 (1900). 

Laboratories, Morris Plains, N. J. 

Laboratory, Oxford, England. 
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5-, 6, and 8-Aminoquinolinea were prepared by low 
pressure hydrogenation (palladium-carbon) of the com- 
mercially available nitroquinolina. 

7-Aminoquinoline waa prepared by lower pressure hydro- 
genation of 7-nitroquinoline prepared by the method of 
Kneuppel. lo 

&( p-Dimethylaminopheny1azo)quinoline. SAmmoquinoline 
(7.2 g.) and 6.4 g. of naphthalene were dissolved in 75 ml. 
of dry toluene and to this mixture waa added 1.15 g. of clean 
sodium with stirring under a nitrogen atmosphere. The 
reaction mixture waa refluxed with vigorous stirring until 
no free sodium waa apparent (1.5 hr.). Then 7.5 g. of p 
nitrosodimethylaniline was added and the mixture refluxed 
1 hr. The solvent waa removed under vacuum, the reaidue 
dissolved in 400 ml. of 25% acetic acid, and filtered. The 
purple solution was diluted with 1 1. of water and filtered. 
The filtrate waa neutralized with sodium hydroxide aolution 
to precipitate the crude azo compound. This waa chromato- 
graphed on an alumina column using benzene aa the aolvent. 
The low bright orange band after elution was recrystallized 
from ethyl alcohol to give orange platea which melted at 
151-152'. The yield of purified material was 7%. 

Diazotization and cmpling. Method A. 3-Aminoquinoline 
(14.4 9.) was dissolved in 100 ml. of water and 50 g. of concd. 
hydrochloric acid. Seven grams of sodium nitrite was added 
over a 1-hr. period a t  -5-0'. Then a mixture of 12 g. of 
dimethylaniline in 60 ml. of water, 125 ml. of ethanol, 
and 36 g. of sodium acetate waa added keeping the tempera- 
ture around 0'. After stirring 1 hr. neutralization waa com- 
pleted with dilute ammonium hydroxide, the crude dye 
was filtered and washed with water. 

Method B. bhinoquinol ine (11.6 g.) waa dissolved by 
Rtirring in an ice cold mixture of 20 ml. of concd. nitric 
acid and 40 ml. of phosphoric acid. Sodium nitrite (5.6 g.) 
was added keeping the temperature below 0". Over a period 
of 1 hr. a solution of 9.6 g. of dimethylaniline, 30 ml. of 
water, 13.6 g. of sodium acetate, and 70 ml. of ethanol was 
added keeping the temperature below 0". After stirring for 
s n  additional hour, dilute ammonium hydroxide was added 
to  precipitate the crude dye. 

In all caaea the dry crude dye waa dissolved in benzene 
and chromatographc=d on alumina. The eluted azo compound 
was rwrystallised from ethanol to constant melting point. 

Oridat ia  of acetamidoquinoline. In  a typical run, 40 g. 
of 6acetamidoquinoline wm dissolved in 40 ml. of glacial 
acetic acid and 40 ml. of 40% peracetic acid.*l The tempera- 
ture was never allowed to rise above 70'. When the reaction 
had subsided, another 30 ml. of 40% peracetic acid waa added 
and then the temperature was maintained at 70% for 3 hr. 
The solvent was removed in u w ,  the residue dissolved in 
ice water and the crude N-oxide waa precipitated with 
ammonium hydroxide. The dried crude waa recrystallized 
from ethanol. 

Hydrolysis of acetamidoquinoline N-oxide. Twenty grams 
of acetamidoquinoline N-oxide and 120 ml. of 30% sodium 
hydroxide waa refluxed for 5 hr. The reaction mixture waa 
cooled and the crude N-oxide was collected and recrystal- 
lized from ethanol. 

Acknowledgment. This investigation was s u p  
ported in part by research grant C-2219 from the 
National Cancer Institute, U. S. Public Health 
Service. 
CHEMISTRY DEPARTMENT 
SEWN HALL UNIVERSITY 
SOUTH OBANQE, N. J. 

(10) C. Kneuppel, Ber., 29, 706 (1896). 
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