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cymene with 0.8 g. of 10% palladium-on-charcoal. The 
warm solution was filtered from catalyst, and on cooling 
colorless needles of VI slowly crystallized: yield 0.7 g.; 
m. p . 158-160°. Recrystallization from acetic acid di
luted with a little water, or from 9 5 % ethanol, gave 
needles of m. p . 162-163°. The identity of the product 
was demonstrated by analysis and by mixed melting point 
with an authentic sample.6 

10-Methoxy-l,2-benzanthracene (VIII).—Two grams 
of compound [V was methylated in methanolic alkali, 
using dimethyl sulfate as alkylating agent. The oil 
obtained in this manner could not be crystallized so it was 
refluxed in 50 cc. of ^-cymene with 1.Og. of 2 0 % palladium-
on-charcoal for twenty-four hours. The catalyst was fil
tered off and the filtrate concentrated to dryness. The 
residue was triturated with Skellysolve B and several 
successive 50-cc. portions of Skellysolve B were distilled 
from the product, which solidified to give 0.45 g. of yellow 
crystals of m. p . 104-106°. Two recrystallizations from 
Skellysolve B gave colorless platelets of m. p . 109.5-
110.5°. The identity of this product was established by 
analysis and by mixture melting point with an authentic 
specimen.6 

10-Hydroxy-l,2-benzanthracene (IX).—Two grams of 
compound IV was heated with a mixture of 2 g. of sodium 
chloride, 10 g. of zinc chloride and 4 g. of zinc dust at 
270-300° for twenty minutes, according to the method of 
Clar." The product could not be purified so it was re
fluxed for twenty-four hours in 20 cc. of />-cymene with 
1.5 g. of 10% palladium-on-charcoal. Filtration and cool
ing gave 0.3 g. of yellow crystals of m. p . 148-154°. Two 
recrystallizations from benzene gave golden yellow leaf
lets, m. p . 153-155° (lit.6 m. p . 154-155.5°). 

Direct dehydrogenation of compound IV in refluxing p-
cymene, without previous zinc dust treatment, gave IX 

Most antimalarial drugs contain one or more 
relatively weakly basic groups and in addition an 
alkylamino side chain which is more strongly basic. 
For example, 8-aminoquinolines of the Plasmochin 
type, similarly substi tuted 4-aminoquinolines, 
and Atebrin have a strong basic center in the side 
chain and weaker basic centers provided by the 
heterocyclic nitrogen and the secondary amino 
group at tached to the heterocyclic nucleus. 
These common structural features suggest tha t 
the presence of these basic centers is associated 
with the antimalarial activity of the compounds. 
Some evidence in this direction is furnished by the 
observation tha t the toxic effects of Atebrin and 
quinine to certain microorganisms may be over
come or antagonized by small amounts of several 
polybasic amines, notably spermine and spermi
dine.2 In such experiments the basic centers of the 
polybasic amines presumably compete with those 
of the antimalarial drugs for the same enzyme 
surface, and provide the enzyme with some degree 

(1) The work described in this paper was done under a contract 
recommended by the Committee on Medical Research, between the 
Office of Scientific Research and Development and the Massachusetts 
Institute of Technology. 

(2) Silverman and Evans, / . Biol. Chem., 154, 521 (1944). 

(in a much poorer yield) contaminated with a large amount 
of the bimolecular dehydrogenation product X . 

The Bimolecular Dehydrogenation Product X.—Two 
grams of compound IV was heated in an oil-bath at 230-
240° for three hours with 0.3 g. of 10% palladium-on-char
coal. The cooled residue was taken up in 100 cc. of 9 5 % 
ethanol and filtered. The filtrate was concentrated to 
dryness to give a solid residue, consisting of a mixture of a 
deep green and a colorless product. Recrystallization did 
not result in purification so the solid was sublimed at a 
bath temperature of 145° and under a vacuum of 0.2 mm. 
The sublimed, dark colored material could not be purified 
but the non-volatile residue consisted of 0.3 g. of colorless 
material of m. p . 230-235° ( d e c ) . Recrystallization 
from 50 cc. of 9 5 % ethanol gave fine colorless needles of 
m. p . 241-244° ( d e c ) . 

Anal. Calcd. for C36H,20, (compound X ) : C, 88.86; 
H, 4.56. Found: C, 88.90; H, 4.71. 

Acknowledgments.—The help of Dr. William 
Sidon in the preparat ion of s tar t ing materials is 
gratefully acknowledged. For the microanaly
ses, the author is indebted to Mr. E. F. Shelberg, 
chief microanalyst, Abbot t Laboratories. 

Summary 
The application of a novel cyclization reaction 

to the synthesis of oxygenated benzanthracene 
derivatives has been studied. A modification in 
the preparation of the important intermediate, 
ethyl 7-phenylacetoacetate, is reported. 
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of protection from inactivation by combination 
with the drugs. I t appears possible, therefore, 
tha t the antimalarial drugs function by inacti
vating an essential enzyme of the malaria parasite 
by combining with the enzyme, and tha t the basic 
groups of the drugs are involved in this combina
tion. Enzymatic processes are known which de
pend upon combination of the enzyme with basic 
centers in the substrate. For example, the hydroly
sis of peptides by aminopeptidases depends upon 
the presence of a basic center (the a-amino group) 
in the peptide. : i Such a process might be blocked 
by a basic antimalarial drug which could combine 
with and inactivate the enzyme. 

As par t of a study of the relationship of chemical 
structure to antimalarial activity directed along 
the lines indicated above, we have prepared a series 
of N-(2-diethylaminoethyl)-anilines (I) and N1N-
bis-(2-diethylaminoethyl) -anilines (II) . These 

ArNHCH2CH2X(C2Hj)2 ArN(CH2CH2X(C2H5)2)2 

I II 

compounds were investigated to determine whe
ther such simple aromatic amines with alkylamino 
side chains have antimalarial properties. They 

(3) See Johnson and Berger, Advances in F,nzymoI., 2, 69 (1942), 
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X-(1 ! -DlETHYLAMINOI iTHYL)-ANILINI iS ( I ) 

A r N H C H - C H 2 M C 3 H a I a 
( I J 
Ar 

P h e n y l ' ' 
/ i - C h l o r o p b t n y l ' 
w-Ch lo rophemT 
o-Chlornphenyl 
2 ,4-Dichioroph.eny! 
2 ,5 -Dich lorophenyl ' ' 
2 ,4 .6 -Tr ich lorophenyl 
2 -Me thoxy-4 -ch lo ropheny! 
/>-Iodophenyl j ' 
/>-Ni t rophenyl y 

/ j -Die thy luminopheny] 
a - N a p h t h y l 

A r N ( C H 2 C H 2 N ( C - H 8 J 2 I s 
( I I ) 
Ar 

Phenyl* 
/>-Chlornplienyi 
m-Ch lo ropheny l 
£ - D i e t h y l s minopheny l 

,Survey 
n u m b e r Yield , 
( S N - ) " •• 

14,154 
14.1 .-|3 
1 1.147 
14,1 r,li 
14,1 19 
14,150 
14,148 
14,722 
14,851 
14.848 
14,850 
14,849 

14,103 
14,11)0 
14,1.59 
14,852 

/(J 

88 
09 
SS 
48 
24 
19 

4 
34 
42 
15 
35 
77 

29 
13 
10 
30 

Boiling po in t , 
0 C . 

126-127 
1Hl 162 
151 153 
1 10 1 17 
158 159 
148 149 
100-102 
151-152 
180-181 
227-228 
1.59-100 
150-157 

174-177 
180-182 
107-109 
209-211 

M m . 

3 
0 

3 
5 
3 
2 
3 
1 
4 
8' 
2 
1 

0 
1 
1 
4 

TABLE I 

AXD X 

«-H> 

1.5251 
1.5373 
1.5370 
1.5304 
1.5430 
1 .5138 
1.5401 
1.5373 
1.5789 
1.0401 
1.5300 
1.5886 

1.5137 
1.5227 
1 .5208 
1.5201 

,X-BiS-(2-DIETHYLAMIXOETHYL)-ANILIN-ES (LII 

F o r m u l a 

CuH2IiNa 
C K H I 9 N 2 C I 

C 1 2 H W N J C I 

Ci2HiSN2Cl 
C I 2 I I K N 2 C I 2 

C I 2 H M N 2 C I 2 

Ci2HiTN2Cl3 

C U H J I N 2 0 C 1 

C I 2 H I 9 N 2 I 

Ci 2 Hi 9 N 3 O 2 

Ci 6 H 2 9 N 3 

Ci5H2 2N2 

CnH3 3N., 
CiiH32N:iCl 
CnH 3 2 N 3 Cl 
C 2 2Hi 2N 1 

Carbi 
Ca lcd . 

7 4 . 9 
0 3 . 6 
0 3 . 0 
03 0 
5 5 . 2 
5 5 . 2 
4 8 . 7 
6 0 . 8 
4 5 , 3 
6 0 . 7 
7 2 . 9 
7 9 . 3 

7 4 . 2 
0 6 . 3 
0 0 . 3 
7 2 . 9 

M, % H y d r o g e n , % 
F o u n d Calcd . 

7 4 . 8 
0 3 . 5 
03 ,3 
6 3 . 3 
5 5 . 4 
5 5 . 0 
4 9 . 0 
6 1 . 0 
4 5 , 3 
6 1 . 0 
7 2 . 8 
7 9 . 3 

74 . 5 
6 6 . 0 
00. 0 
7 2 . 8 

1 0 . 5 
8 .4 
8 .4 
8 4 
6 . 9 
0 . U 
5 . 8 
8 .2 
0 . 0 
8 . 1 

1 1 . 1 
9 . 2 

1 1 . 4 
!1.9 
9 . 9 

11 .7 

N i t r o g e n , r.-'r 
F o u n d Calcd . 

1 0 , 6 
8 . 4 
8 .4 
8 .4 
7 . 1 
7 . 1 
5 .9 
8 . 3 
6 . 0 
8 .4 

1 1 . 0 
9 . 2 

11 .3 
9 . 9 
9 . 8 

11 .7 

14 .6 
12 .4 
12. 1 
12 . t 
1 0 . 7 
10 7 

9 . 5 
1 0 . 9 

8 . 8 
17 .7 
1 0 . 0 
1 1 . 6 

1 4 . 4 
1 2 . 9 
1 2 . 9 
1 5 . 5 

Ha log 
F o u n d Calcd . 

1 4 . 5 
12 4 
12 .4 
12.4 
1 0 . 8 
1 1 . 0 

9 . 3 
10 .9 

8 . 8 
1 7 . 0 
15 .7 
1 1 . 6 

14 .4 
1 3 . 0 
1 2 . 9 
15 .4 

15 .0 
15 ,0 
15.0 
2 7 . 2 
2 7 . 2 
36 .0 
1 3 . 8 
3 9 . 9 

10 .9 
10 .9 

en, /v 
Fou n c 

15 
15 
15 
27 
20 
35 
13 
39 

10 
10 

.8 
,7 

.9 
2 

.9 

. 8 

.8 

.0 

.8 

. 0 

" The Survey Xumber (SX—) refers to the number by which the compound will be identified in the forthcoming mono
graph (ref. 4). ''Dihydrochloride.nl. p. 122-124°. Anal. Calcd. for C12H,0X2-2HC1: C, 54.3; H, 8.4; X, 10.6; Cl, 
26.7. Found: C, 54.4; H, 8.6; X, 10.4; Cl, 26.7. Clemo and Perkin, J. Chem. Soc, 125, 1809 (1924), have prepared 
the base and report b. p. 163° (17 mm,), •' Dihydrochloride, m. p. 132-133° (very hydroscopic). Anal. Calcd. for 
C12H19XXl^HCl: C, 48.1; H, 7.1; X, 9.3; Cl, 35.5. Found: C, 48.0; H, 7.3; X, 9.3; Cl, 35.5. '< Monohydro-
chloride, m. p. 141-143°. Anal. Calcd. for C12Hi9X2Cl-HCl: C, 54.8; H, 7.7; X, 10.6; Cl, 26.9. Found: C, 54.9; 
H, 7.8; X, 10.5; Cl, 26.9. •Monohydrochloride, m. p. 164-165°. Anal. Calcd. for Ci2HiSX2Cl2-HCl: C, 48.4; H, 
6.4; X, 9.4; Cl, 35.7. Found: C, 48.3; H, 6.3; X, 9.7; Cl, 35.8. ' The residue in the distilling flask decomposed 
suddenly near the end of the distillation. « This compound is a dark red liquid with a brilliant dark blue fluorescence. 
* English Patent 292,615 (Chan. Zcntr., 101, 1697 (1930)) gives b. p. 160° (4 mm.) for this compound. 

failed to show activity in avian malaria at dose 
levels a t which they were not toxic to the host,1 

and accordingly within the limits investigated the 
arylamino group cannot replace the 4- or 8-amino-
quinoline or 9-aininoaeridme nucleus without loss 
of useful antimalarial activity. 

The mono- and disubstituted aniline deriva
tives which were synthesized and are listed in 
Table I were prepared from the corresponding 
primary aromatic amines by alkylation with 2-
diethylaminoethyl chloride hydrochloride sus
pended in benzene in the presence of an excess of 
potassium carbonate. A small amount of copper 
bronze powder was added as a catalyst."' N-(2-
Diethylaminoethyl)-aniline was prepared in 70-
72% yield in the absence of the catalyst, and in 
78-88%, yield under similar conditions in the pres
ence of copper bronze, which was therefore added 
in subsequent alkylations. 

The inonoalkylaiiilines were the principal prod
ucts when somewhat more than two moles of the 
primary aromatic amines were treated with one 
mole of 2-diethylaminoethyl chloride hydrochlo
ride. Yields of the alkylation products were 
lower for p- and ^-substituted anilines than for 
aniline, and in the group of chloroanilines de
creased progressively in the sequence m-, p-, o-, di-
and triehloroaniliiie. The N,N-bis-(2-diethyl-
amino-ethyl)-anilines were prepared by alkylation 
of the primary aromatic amines with a large ex
cess of 2-diethylaminoethyl chloride hydrochlo-

(4) Pharmaco log ica l d a t a will be citetl in a fo r thcoming mono
g r a p h p r e p a r e d by the S u r v e y of Ant imala r ia l Drugs . 

(5) K e r m a c k and Wr igh t , / . Chem. Soc, 1121 (1935). 

ride. In most cases the intermediate inonoalkyl
aiiilines were not isolated. With aniline itself, t h e 
yield was practically the same when N-(2-diethyl
aminoethyl)-aniline was isolated and realkylated. 
At tempts to prepare the dialkylanilines in which 
the aryl group was 2,4,6-triehloropheuyl, 4-nitro-
phenyl and a-naphthyl gave only the monoalkyl-
anilines. Reduction of the basicity of the nitro
gen and steric hindrance both should be at a maxi
mum in 2,4,6-triehloroaniline, among the amines 
which were alkylated. In this case, the yield of 
the monoalkylaniline was only four per cent, and 
none of the dialkylaniline, was isolated. 

Experimental6 

N-(2-Diethylaminoethyl)-anilines (I).—A suspension 
of 0.6 mole of the primary aromatic amine, 0.4 mole (69 
g.) of 2-diethylamiuoethyl chloride hydrochloride, 0.9 
mole (125 g.) of anhydrous potassium carbonate, 2 g. of 
copper bronze powder and 350 ml. of benzene was heated 
under reflux and stirred with a Hershberg stirrer for eleven 
hours. The reaction mixture was then cooled, 500 ml. of 
10% aqueous sodium hydroxide solution was added, and 
the mixture was extracted with two 300-ml. portions of 
ether. The ether extracts were combined, washed with 
water and saturated sodium chloride solution, and dried 
over anhydrous magnesium sulfate. The ether was re
moved by distillation and the residue was fractionated 
through a Widnier column with a six-inch spiral. The 
forerun consisted largely of the primary aromatic amine 
which was used in excess; if this amine was a solid, most 
of it was separated by crystallization or distillation through 
a Claisen type still head before the residue was fractionated. 
The second fraction, which contained the X-(2-diethyl-
aminoethyl)-aniline, was refractionated. In some cases, 
a small amount of the X,X-bis-(2-diethylaminoethyl)-
aniline was obtained as a higher boiling fraction. 

(0) M e l t i n g a n d boil ing po in t s a re uncor rec ted . 

''Dihydrochloride.nl
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The hydrochlorides listed in the footnotes to Table I 
wen- prepared by dissolving! he bases in dry ether and add
ing slowly with st i; ring an ether solution containing slightly 
more than two equivalents of hydrogen chloride. The 
salts were purified by reerystallizntion from an anhydrous 
alcohol ether mixture. They proved to be somewhat 
hygroscopic and consequently most of the compounds were 
submitted as the bases for pharmacological testing. 

N ,N -Bis- (2 -diethylaminoethyl) -anilines (II).—A sus
pension of ().:) mole of the primary aromatic amine, 0.7 mole 
U ^ ) g.) of --diethylaminoethyl chloiide hydrochloride, 
1 .2 moles ( KiO g.) of anhydrous potassium carbonate, 2 g. 
of copper bronze powder and .Soil ml. of benzene was 
heated under reflux with stirring as described above for 
twenty-four hours. An additional ().,'{ mole (o2 g.) of 2-
dictliylammoethyl chloride hydrochloride was then added 
and the stirring and heating were continued for an addi
tional twelve hours. The reaction mixture was then 
cooled, aqueous sodium hydroxide was added and the mix
ture was extracted with ether as described in the preceding 

The condensation of aldehydes and amines 
with compounds containing an active hydrogen 
atom has proved to be a widely applicable method 
of introducing aminomethyl groups." 

As applied to heterocyclic compounds, three 
types of active hydrogen atoms may be involved: 
(1) those directly attached to the nucleus, as in 
antipyrine1 and indole'"'; (2) those attached to the 
a-carbon of an alkyl group attached to the ring, 
as in or-picoliiie" and quinaldine7; and (o) those 
attached to side chains where the activation is 
provided by some group other than the ring, as 
in 2-acetothienonesor 2-acetylfuran.s 

The published observations on Maunich bases 
derived from each of thesje types are rather limited 
in sco])e and the behaviors of many of the simpler 
ring systems tinder the usual conditions of the 
condensation are unknown. We have under
taken to prepare a series of compounds of type 
(J.) for the purpose of studying the generality of 
the reaction in the heterocyclic serits, of deter
mining the most active hydrogen in various ring 
systems, and of studying the pharmacological 
activity of these types of nitrogeneous material. 

Pyrrole condenses wilh formaldehyde and sec
ondary amines according (o the equation 

(1) Reud before t he Or^unie Sect ion -.it tin* At l an t i c C i t y m e e t i n g 
nf t h e Amer ican C ' lemira l Socie ty . Apri l , ItMti. 

12) F r o m the M .S. thehi.s of Lowell V. I IeUey, Pu r i l ne Unive r s i ty , 
Oc tobe r . 194 , . 

<•>,) For a review «ee Blicke, " T h e M a n n i e h l ie-action," Vol . I, 
C h a p t e r r.t. ol "Or i ian ie R e a c t i o n s . " U. Adams , editor-in-chief , 
J o h n Wiley and Suns , lnc , New York, X . Y., 1!>42. 

I. I) Mami i ch a n d Kpwel ie , Arch. Pharni., 250, 1147 (1'Jl:!). 
("i) K u I m find Ste in . Her.. 7 3 , ;">(i7 (l!).'!7i. 
Hi) 'Wcou I I M I )•>.. f'.vH.W. ff'.'./.. 192, \2V> ( I i ISI ) . 
.71 kei'iiKie!. 'iihl Mni r . ./. fliriu. .SW.. :!I)S(1 (I i IHl) . 
IS) 1 K M - Mild Xisl iel . ihi.l.. Hl.'ill tlSWS). 

section. The ether extracts were dried, the ether was re 
moved, and the residue was fractionated. A forerun con
sisting largely of the N-(2-diethylaminoethyl) -aniline 
distilled first, followed by the higher boiling N,N-bis-(2-
diethylaminoethyl) -aniline. 

We are indebted to Mr. S. M. Nagy and Mrs. 
C. K. Fitz for analyses. 

Summary 

A number of N- (2-diethylaminoethyl) -anilines 
(I) and N,N-bis-(2-diethylaminoethyl)-anilines 
(II) have been prepared by the alkylation of pri
mary aromatic amines with diethylaminoethyl 
chloride. These compounds have been tested for 
activity in avian malaria. 
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{ j + CH2O + R2XH —> R2NCH2S J I + 

\ N / X X / 

H H 

R2NCH2. I LcH2NR2 

\v/ 
H 

Writh dimethyl- or diethylamine colorless, high-
boiling liquids are obtained which are stable 
only under vacuum in sealed containers. These 
liquids possess strong, characteristic and rather 
pleasant odors. The products from the higher 
aliphatic amines, such as di-K-butylamine, de
compose on attempted vacuum distillation. 

While only disubstituted products are obtained 
with aliphatic amines under various conditions, 
piperidine and morpholine readily give either 
mono or disubstituted pyrroles according to the 
ratio of reactants used. These products are 
white, crystalline, relatively stable solids and 
are formed in 85-95% yields. N-Methylaniline 
and thialdine do not react. 

The Mannich condensation may proceed by 
any one or all of three different mechanisms3 

(A) R H -f- CH2O — > • R - C H 2 O H 
RCH2OH + R' 2 NH >- RCH 2NR' 2 + H2O 

(B) R ' 2 XH H- CH2O — > R'2NCH2OH 
R7XCH2OH + R - H * RCH 2 NR' 2 + H2O 

or (C) R - H + CH2O + R ' 2 NH *- R C H 2 N R \ + H2O 

where C represents a mechanism involving dif
ferent (but unspecified) intermediates from those 
shown in A and B. A trimolecular reaction for C 
is conceivable but improbable without support
ing kinetic evidence. In our experience the best 
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