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cymene with 0.8 g. of 109, 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. 138-160°. Recrystallization from acetic acid di-
luted with a little water, or from 959, 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.?

10-Methoxy-1,2-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 30 cu. of p-cymene with 1.0 g. of 209, 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 d0-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 mi. p. 109.5-
110.5°. The identity of this product was established by
analysis and Ity mixture melting point with an autlientic
specimen.®

10-Hydroxy-1,2-benzanthracene (IX).—Two grams of
compound I'V was heated with a mixture of 2 g. of sodium
chloride, 10 g. of zine chloride and 4 g. of zine dust at
270-300° for 1wenty minutes, according to the method of
Clar.” The product could not be purificd so it was re-
fluxed for twenty-four hours in 20 cc. of p-cymene with
1.5 g. of 109, palladium-on-charcoal. TFiltration and cool-
ing gave 0.3 g. of yellow crystals of 1n. p. 148-154°, Two
recrystallizations from benzene gave golden yellow leaf-
lets, n1. p. 153--155° (lit.* m. p. 154-155.5°).

Direct dehydrogenation of compound IV in refluxing p-
cymelne, without previous zine dust treatment, gave IX
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(i1 a much poorer yield) containinated with a large amount
of the bimmolecular dehydrogenation product X.

The Bimolecular Dehydrogenation Product X.—~Two
grams of comupound IV was hcated i an oil-bath at 230-
240° for three hours with 0.3 g. of 109 palladiuin-on-char-
coal. The cooled residue was taken up in 100 ce. of 95%
cthanol and filtered. The filtrate was coucentrated to
dryness to give a solid residue, consisting of a wixture of a
deep green and a colorless product.  Recrystallization did
not result in purification so the solid was sublined at a
bath teinperature of 145° and under a vacuum of 0.2 1mn,
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° (dec.). Recrystallization
from 30 cc. of 959% ethanol gave fine colorless needles of
m, p. 241-244° (dec.).

Anal. Caled. for CyHwO: (compound X): C, 88.84;
H, 4.56. Tound: C, 88.90; H, 4.71.

Acknowledgments.—The help of Dr. William
Sidou in the preparation of starting materials is
gratefully ackuowledged. For the microanaly-
ses, the author is indebted to Mr. E. F. Shelberg,
chief microanalyst, Abbott Laboratories.

Summary
The application of a novel cyclization reaction
to the syntliesis of oxygenated benzainthracene
derivatives has been studied. A modification in
the preparation of the important intermediate,
ethyl y-phenylacetoacetate, is reported.
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Some N-(2-Diethylaminoethyl)-anilines'

By MARK A. STAHMANN aAND ARTHUR C. COPE

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 substituted 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 aniino
group attached to the heterocyclic nucleus.
These common structural features suggest that
the presence of these basic centers is associated
with the antimalarial activity of the compounds.
Sonie evidence in this direction is furnished by the
observation that the toxic effects of Atebrin and
quinine to certain microdrganisms may be over-
come or antagonized by small amounts of several
polybasic amines, notably spermine and spermi-
dine.? 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 enzynie with some degree

(1) The work ‘lescribed in this paper was done under a contract,
recommended by the Committee nn Medical Research, between the
Office of Scientific Research and Development and the Massachusetts

Institute of Technology.
(2) Silverman and Evans, J. Biol. Chem., 154, 521 (1944),

of protection from inactivation by combination
with the drugs. It appears possible, therefore,
that the antimalarial drugs function by inacti-
vating an essential enzyme of the malaria parasite
by combining with the enzyme, and that 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.* Such a process might be blocked
by a basic antinalarial drug which could combine
with and inactivate the enzyme.

As part 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-diethylaniinoethyl)-anilines (I) and N,N-

bis-(2-diethylaminoethvl)-anilines (II).  These
AI‘NI‘ICH;CH;\V(CJH,\M AI‘N(CH-;CH:X(CQHQQE
I 11

compoutids were investigated to determine whe-

ther sucli simple aromatic amines with alkylamino

side chains have antimalarial properties. They
(3) See Johnson and Berger, Advances in Enzymol., 2, 60 (1942),
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TaBLE 1

N-(Z2-DIETUYLAMINOETHYL}-ANILINES (I) AND N, N-BIS-(2-DIETHYLAMINOETHYL)-ANILINES (L]}

ArNHCUH:CHaN(Caldz)a Survey .

(1) number Yield, Boiling point,

Ar (SN-—)2 L °C Mm. a%p
Phenyl” 14,154 88 126-127 3 1.5231
p-Chloroplienyl” 14053 69 I81-162 6 1.3373
in-Chlnroplienyl 17 88 131 1533 3 1.0370
0-Chlvrmpbenyl? NS BT R O B T N I R S B T3 K
2 4-Dichlueruphenyl 14,140 2 158 151 3 1.5436
2,5-Dichlurophenyl” 14150 1Y) 148 149 2 1.54338
J 4 6-Trichlvrophenyl 14,148 -+ 160-162 3 1.5461
2-Methnxy-+-chlornpheny!? 14,722 34 151-152 1 1.5373
P-Il)dl)phef\v\'l’.— 14,851 12 180-181 4 1.5789
p-Notrophenytl? 14,848 15 227-22%8 & 1.6401
p-Diethylominnphenyl 14850 B 159 -1G0 2 1.5306
a-Naphtliyt 14.84y 7 156- 157 1 1.5886
ArN(CH2CHaN (Cilds))2

(I1)

Ar
Pheny!” 14163 20 174-177 6 1.5137
p-Chlorupheny! 14,160 13 186 -182 1 1.5227
m-Chloroplienyl 14,159 ) 167-16 1 1.5208
p-Diethylaminopheny! 14.852 30 200211 4 1.5201

Carbon, 5 Hydrogen, 7 Nitrogen, ;. Halngen, 5

Formula Caled. Found Caled. Found Caled. Found Caled. Found
CisHaNz 749 748 10,5 10,6 14.6 145
CrHisN2C1 63.6 ) 8.4 8.4 12,4 124 156 15.8
CnHpN:Cl 63.6 3 8.4 B 1204 124 156 15.7
CilipN:C1 036 43 8.4 8.4 124 124 15.6 159
CilIsN2Cly  55.2 5564 6.9 7.1 107 1.8 272 w472
CrHisNCl 65.2 55.0 6.9 7.1 10.7 11.0 27.2 26.9
CieHrN2Cly 487 4.0 5.8 5.0 9.5 9.3 36.0 35.8
CiHuaN=0C1 60.8 61.0 8.2 83 109 10.9 13.8 13.8
Cr:HisN?I 45.3 45,3 6.0 6.0 8.8 8.8 39.8 310
CigHiN:O:  60.7 61,0 8.1 8.4 17.7 17.6

Ci1sHp N3 72.9 72,8 11.1 11.0 16.0 15.7

CisHuN2 79.3 7v.3 9.2 9.2 11.6 11.6G

CiFlnNs 742 7405 114 11.3 144 144
CisH3eNaCl1 6G.3 66.0 Y.y 9y 12,0 13,0 10.H 10.8
CisHuN:C1 G6.3 66,0 DY B8 12.0 129 10.9 10.6
CaeHnNy 729 72,8 11.7 11.7 15.5 15.4

o The Survey Number (SN-—) refers to the mumiber by which the compound will be identified iu the forthcoming mormno-

graph (ref. 4). ¥ Dihydrochloride, m. p. 122-124° Anal.
26.7. Found: C, 544, H, 86; N, 10.4; Cl, 26.7.
the base aud report b. p. 163° (17 mun.j.
CuHeN:CIL2HCI: C, 481, H, 7.1; X, 4.3; (I, 35.5.
chloride, m. p. 141-143°. . Anql.
H, 7.8; N, 10.5; Cl, 26.9.
6.4; N, 94; Cl, 35.7. Found: C, 48.3; H, 6.3;
suddenly near the end of the distillation.

¢ Dihydrochloride, m. p. 132-133° (very hydroscopic).
Found:
Caled. for CaHpwNSCI-HCI: C, 54.8; H, 7.7; N, 10.6; Cl, 26.9.
* Monohydrochloride, n1. p. 164-165°.

N, 9.7; (I, 35.8.
v This compound is a dark red liquid with a brilliant dark blue fluorescence.

Caled. for CeHwN:2HCL: C, 54.3; H, 84; N, 10.6; Cl,

Clemo aud Perkin, J. Chen. Soc., 125, 1809 (1924), have prepared

Anal. Caled. for
H, 7.3; N, 9.3; Cl, 33.5. ' Monohydro-
Found: C, 54.9;
Anal. Caled. for CoH;sNoCly-HCI: C, 48.4; H,

/ The residue in the distilling flask decomposed

C, 48.0,

& Eunglish Patent 202,615 (Chem. Zentr., 101, 1697 (1930)) gives b, p. 160° (4 ) for this compound.

failed to show activity i avian malaria at dosc
levels at which they were ot toxice to the host,?
and accordingly within the lunits investigated the
arylamina gronp caunot replace the - or S-amino-
quinoline or Y-aminoacridine nuclens withont loss
of useful antinlarial activity.

The mono- and disubstituted aniline deriva-
tives which werce syuthesized and are listed in
Table I were prepared from the corresponding
primary aromatic anunes by alkylation with 2-
diethylaminoethiyl chloride hydrochloride  sus-
pended in benzene 1 tlie presence of an exeess of
potassium carbanate. A small amount of copper
bronze powder was added as a catalyst.* N-(2-
Diethylaminocthyl)-aniline was prepared in 70—
729 yield in the absence of the catalyst, and in
78-88Y%, vield nuder similar conditions in the pres-
ence of copper brouze, which was therefore added
in subsequent alkylations.

The monoalkylanilinies were the principal prod-
ucts when soriewhat nore than two moles of the
primary aromatic auntines were treated with one
mole of 2-diethylamminoethivl chloride hydrochlo-
ride. Vields of the alkylation products were
lower for p- and o-substituted anilines than for
aniline, and in the group of chloroanilines de-
creased progressively i1 the sequence #i-, p-, o-, di-
and trichloroaniline. 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-dicthylaminoethyl chloride hydrochlo-

(4) Pharmacuologieol ilata will be cited in a fortlienming mono-

graph prepored by the Survey of Antimalarial Drugs.
(53) Kermuack and Wright, J. Chem. Soc., 1121 (1935).

ride. In most cases the intermediate monoalkyl-
anilines were 1ot isolated. With aniline itself, the
vield was practically the same when N-(2-diethyl-
aminoethyl)-aniline was isolated and realkylated.
Attemipts to prepare the dialkylanilines in which
the aryl group was 2,4,6-trichlorophenyl, 4-nitro-
phenyl and a-naphthyl gave only the monoalkyl-
anilines. Reduction of the basicity of the nitro-
gen and sterie hindranice both should be at a maxi-
i in 2,4,6-trichiloroaniline, among the amines
whicli were alkylated. In this case, the yield of
the monoalkylaniline was only four per cent. and
none of the dialkylaniling was isolated.

Experimental®

N-(2-Diethylaminoethyl)-anilines (I).—A suspension
of 0.6 mole of the primmary aromatic amine, 1.4 mole (69
g.) of 2-dicthylaminocthyl chloride hydrochloride, 0.9
mole (125 g.) of anhydrous potassium carbonate, 2 g. of
copper bronze powder and 350 ml. of beuzenc was heated
under reflux and stirred with a Hershberg stirrer for eleven
hours. The reaction mixture was then cooled, 500 ml. of
109, aqucous sodiun hydroxide solution was added, and
the mixture was extracted with two 300-1ul, portions of
ether. The ethier extracts were comnbined, 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
thirough a Widmer colummn with a six-inch spiral. The
forerun consisted largely of the primary aromatic amnine
which was used in excess; if this amine was a solid, 1nost
of it was separated by crystallization or distillation through
a Claisen type still head before the residuc was fractionated.
The second fraction, which contained the N-(2-diethyl-
aminocthyl) -aniline, was refractionated.  In some cases,
a small amount of the N,N-bis-(2-dicthylaminovthyl)-
aniline was obtained as a higher boiling fraction.

(0) Melting and bniling points are uncorrected,


''Dihydrochloride.nl

I

The hydrochlorides listed i the footnotes to Table T
were preparcd by dissolving the bases in dry cther and add-
ing slow ly with stivring an cther solution coutaining slightly
wnre than two equivalents af hydrogen cliloride.  The
sults were purified by reerystallization from an anhydrons
aleohol cther mixture. They proved to be somewhat
iy griseopic awl consequently most of thie cosnpounds were
stibimatt o as rhe bases for phanaacological testing.

N,N-Bis-(2-diethylaminoethyl) -anilines (II).—A sus-
pension of (L3 nnole of the primary arostic amine, 0.¢ mole
(120 g.) of Z-divihylaminoethyl chloiide hiydrochloride,

2 moles (166 g.) af anhyvdrous potassium carbouate, 2 g.
of eopper brouze powiler and 350 qml. of benzene was
heated mnder reflux with stirring as deseribed above for
twenty-four hours.  An additional 113 vole (52 g.) of 2-
dicthylhiminoet iyl ehlorids hydrochloride was then added
and the stirring and lheating were contiaued for an addi-
tional twelve hinnrs. The reaction mixture was then
cooled, srgueorss sodimy fedroxide was added and the mix-
tare wite extzaeted with clher es deseribaed 1 the preceding

(5. BryanT Bacnvan aND LowrLn V. Heisky
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scetion.  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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The Ccndensation of Aldehydes and Amines with Nitrogenous Five-atom Ring
Systems'

By G. BryanT BacumanN AND LoweLL V. HEISEY?

The candensation of aldelivdes aud amiines
with compounds contiming an active hydrogen
atoin has proved to be u widelv applicable miethod
of introducing anminomethyl groups.*

As applied to heterocyche compounds, three
types of active hydrogen atows may be involved:
{1) those directly attuclied to thie nucleus, as in
antipyrine and indolet; (2) thase sttached to the
a-carbon of an alkyl group attuclied v the ring,
as i e-picoline’ and quinaldine; and (3) those
attached to side chains where the activation is
provided by some group other than the ring, as
in 2-acetothienone® or 2-acetylfuran.® ’

The published observations on Mauueh bases
derived from eacl of thege types are ratlier limited
it scope and the behaviors of mny of the simpler
ring systeis under the usual conditions of the
condensntian are unknown., We lhave under-
tuken to prepare a senes of compouuds of type
(1 for the purpose of studying the generality of
the reaction in the hoterocvelie series, of deter-
ming the waost active hydrogen i various ring
swsteuts, winl of stwlving the pharmacologicul
activity of these types of nitrogencous ntaterial,

Pyrrole vondenses witit formaldeliyde and sec-
ondury amies secording to the cquation

i1} Rewl before tite Crgonie Section ar the Atlantie City mecting
of the Ameriran Chemiral Saviety., April, 19016,

(2) Trom 1los Al 5, thesis of Lowell V. Heisey, Punlue University,
Oclnber, 1940,

131 TPor o review see Blicke, "The Mannich Reaction,' Vol, I,
Chapter 100 oI UDranane Reactions” R, Adoms, edi(or-in-chief,
Jolin Wilen omt Soas. Ine . New York, 350 Y., a4,

) Manuich awnl Keoselie, deek. Pharm., 250, G47 (1912).

(37 Kol and Stein, Hee T3, 567 (10575,

15 Ly Theou Vo e Pl ernd ., 182, 1212 (1031)

NG IR,

(71 Kermal ronl Nopr, JL Clowa, Soy.o
(N} Losvavy s Nisher, yhid., 100 (193H8),

} | + CHO + RiNH —> Rchnz\l ) +
\N/ N
H H
R-_‘NCHg\i i _/CH:NR
A4
H

With dimethyl- or diethylamine colorless, high-
boiling liquids are obtained which are stable
ouly under vacuum in sealed containers. These
liquids possess strong, characteristic and rather
pleasant odors. The products from the higher
aliphatic amines, such as di-n-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 85-95Y% yields. N-Methylaniline
uttd thialdine do not react.

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

(A) R- H 4+ CH,0 —» R—CH,OH

RCH.OH + R NH —» RCH:NR’; + H,O
(B) R".NH + CH,0 —» R,NCH,OH
R’NCH.OH + R—H —> RCHzI\Y "2 + Hzo
or (C) R---H + CH,0 + R’;2NH —> RCH.NR'; + H0

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-
iug kinetic evideuce, In our experience the best



