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The hydroclilorides listed in the footnotes to Table T
were prepared by dissalving the bases i dry cther and add-
iig slaw ly witl stivring an cthier salution eoutaining slightly
mare than two cquivalents of hydrogen chiloride.  The
salts were purified by reerystallization from an auliydrous
aleoliol cther pixture.  They proved to be somewiat
Ly groseopic and consequently nwast of the comnpounds were
sabmittod as rhie bases for pharnaacological testing.

N.N-Bis-(2-diethylaminoethyl) -anilines (II).—A sns-
pension of (13 niole of (e primary aroiatic amine, 0.7 mole
(120 gy of 2-dicthylaminocethyl chloiide lhiydrochloride,

2 moles (i g.) of anttvdrous potassiumt carbounate, 2 g.
of copper bresize powder and 3510 ml. of benzeue was
lrcared nuder ceflux with stirring as deseribed above for
twenty-four hours.  Aa additional 0.3 wmole (52 g.) of 2-
dicthylaminoctlivl cliloride itydrochilorisic was thietr added
ad the stireing and healing were continued for an addi-
tional twelve hours.  The reaction mixtare was then
cooled, agueorss soditm tzdeoxide was added and the mix-
tire wats extyiaeled with olver 2 dosertbed i tie precediug

(5. BryanT Baciivan AND LowrLL V. HEIsEY
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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
distillec] 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
(1) 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 Bacuivan aND LoweLL V. HEISEY?

The condensation of aldchydes and amines
with compounds contiming an active hydrogen
atom has proved to be a widely applicable method
of introducing aninowmetlyl groups.*

As applied to heterocyelic compounds, three
types of active hiydrogen atoms may be involved:
{1) those directly attuched to thie nucleus, as in
antipyvrine! and mdole?; (2) those uttaclied to the
a-carbon of un alkyl grouvp attaclied to the ring,
as i g-picoline® and quinaldine®; and (3) those
attached to smide chains where the activation is
provided by somie group other than the ring, as
i 2-acctothienone® or 2-acetylfuran.® ’

The published observations on Manuich bases
derived from each of these types arc rather limited
1 scope and the behaviors of wany of the simpler
ring svstems under the usuul conditions of the
condensation are unknown. We lhave under-
tuken to prepare a serwes of eosnpounds of type
(1} for the purpose of studying the generality of
the reaction in the heterocyvelie serics, of deter-
mining the wast active hyarogen in various ring
swstewts, and of studving the pharmacological
activity of these types of nitrogencous material.

Pyrrale condenses with formaldeliyde and sec-
ondary anrues secording to the equation

1) Resad before tite Organie Becton at 1he Ailatie City jaecting
»f the Americtor Chemiend Socievy, April, (6.

12) Trom the 31 5 thesis of Lowell V. Heisey, 1'urilue University,
Octaber, 104,

G For g review see Blicke, ' The Mannich Reaction,”™ Vol, 1,
Clhapter U of “Organic Reactions,” R, Adians, edinr-in-chief,
Jolin Wilew tard Soas. Tne o New York, WY, g2,

1) Mannich amd Krosche, cArch, Pharesa,, 280, B47 (1012).

(51 Kudim and Stein, Bee 79, 567 (10373,

O Tren Hewst Fe, Comt. oved.. 198, 1212 (1D31),

EINEHEINN

VL Keroweh onl Nuir, . (hone, Noe
(N) Teeoe sl Nisber, ibid, 1D (1038,

} | + CH:0 + R-NH —> Rchnz\l ) +
N~ N
H H
R-_,NCHg\i i CH:NR
N
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 85-959%, yields. N-Methylaniline
und 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,0H

RCH.OH + R%°NH —> RCH»;NR';} -+ H,0
(B) R:NH + CH,0 —>» R“NCH,;OH
R‘NCH.0H + R—H —> RCH;NR";: + H,0O
or (C) R--H + CHy0 4+ R NH —> RCH.NR"; + H,0

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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vields were obtained when the amine—formalde-
hyde addition product was first formed and then
condensed with the pyrrole, indicating that reac-
tion mechanism B is the preferred one. Syntheses
according to A and C gave poorer yields.

Pyrrole condensation products were assigned
the indicated structures principally because of
the recognized reactivity of the a-hydrogens in
pyrrole.? Supporting evidence was found in the
response of these compounds to Ehrlich's test!®
for free a-positions in pyrroles. The bis-(N-
piperidinomethyl)- and the bis-(N-morpholino-
methyl)-pyrroles gave no color (negative test)
while the corresponding monosubstituted pyrroles
gave the usual red color (positive test) with
Ehrlich’s reagent. The test was less satisfactory
for the derivatives from dimethylamine and
diethylamine in that the bis compounds gave a
positive test. This may be explained on the basis
of the relative instability of these compounds.
Under the conditions of the test hydrolysis to
free pyrrole undoubtedly occurs very rapidly.
Finally, to be certain that substitution had not
occurred at the —NH— group of the ring, 2,5-
bis-(N-piperidinomethyl)-pyrrole was titrated with
triphenylmethylsodium according to the proced-
yre of Corwin and Ellingson.!' Slightly more
than one —NH— group per mole was found.

Unfortunately these pyrrole bases are very
sensitive to reagents. Hydrochlorides, picrates,
and methiodides could be prepared, but they
usually decomposed on attempted recrystalliza-
tion or on standing. Catalytic hydrogenation
was attempted in an extensive series of experi-
ments employing platinum or nickel catalysts,
solvents of the hydrocarbon, alcohol and organic
acid types, and varying conditions of tempera-
ture and pressure. Usually the unchanged base
was recovered, but at elevated temperatures the
dialkylamine, from which the compound was
originally prepared, and tars werc obtained.
Chemical reduction with hydriodic acid and red
phosphorus or zinc dust and acetic acid was like-
wise unsuccessful. Oxidation with dichromate to
maleic imides, and ring cleavage with hydroxyl-
amine gave tars.

Although the a-positions of pyrrole are first
attacked, the jS-positions may be substituted by
blocking the a-positions. 2,5-Dimethyvlpyrrole
gives the 3,4-bis-(N-piperidinomethyl) derivative
without difficulty. N-Methylpyrrole and N-
ethylpyrrole do not react under the mild condi-
tions employed. No success attended cfforts to
introducé more than two aminomethyl groups
into pyrrole. However the monosubstituted pyr-
role bases could readily be converted into the
corresponding disubstituted bases by further
treatment with the secondary amine and form-

(9) Tschelinzew and Maxorow, J. Russ. Phys.-Chem. Soc., 48, 748
(1913); Chem. Zealr., 94, 1. 1505 (1923).

(10) Fischer-Orth. “Die Chemie des Pyrroles,"

demische Verlagsgesellschaft, Leipzig, 1034, p. G6.
(11) Corwin and Ellingson, THis JOURNAL, 64, 2098 (1942),
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aldehyde. Unsymmetrical disubstituted prod-
ucts could probably be prepared in this manner
although this was not done,

In passing from pyrrole to the diazoles certain
structural changes are introduced which have a
direct bearing on the mechanism of the Mannich
condensation. The —NH— group might be ex-
pected to activate ring hydrogens as in pyrrole
itself, while the ==N-— group might be expected
to activate the hydrogens of an «-CH; group at-
tached to the ring as i1v a-picoline. On the other
hand, the diazole ring systems are definitely more
acidie than the pyrrole ring system, and the
acidity seems to reside chiefly in the —-NH—
group. Henee, the prediction of the point of
attack 1 a compound like 3,5-dnnethvipyrazole
1s difficult.  An electronic analysis 1s complicated,
and without the necessary quantitative evalua-

tions 1s inconclusive. Three monosubstituted
products are possible
R:NCH:
|
NOH Ne.
cH, /NN CHy 7 N
i | ; t
I{GCH: —-!-"-*——“—CHg ‘“' "“—C}IS
I 1I

N H
CH3~}/ NN

L—--‘—CH2CHQNR3
111

The product actually obtained (939 vield) was a
liquid which fornied a rather stable solid hydro-
chloride. Its ease of preparation suggested that
it was not III. Mannich bases from a-picoline
form only slowly and at elevated temperatures.
Titration with triphenylimethylsodium show no
active hydrogen, thus eliminating I and III.
The correct structare 1s therefore II. It was not
possible to introduce more than one aminomethyl
group into this pyrazole.

Similar results were obtained with benzimida-
zole which gave stable crystalline condensation
products with formaldehyde and either piper-
idine, morpholine or diethylamine. The sub-
stituent dialkylaminomethyl group attached it-
self to the ring nitrogen as shown by titration
with triphenvlmethylsodinm. Benzotriazole con-
densed readily with formaldehyde and piperidine
or 2-amethvipiperidine, but these products were
rather unstable.  They hydrolyzed in hot witer
and with triphenvhnethylsodiom showed 123
and 1.1.1 moles, respectively, of active bydingen
per mole of prathiet.  No condensations whatever
were obtained with imidazole, 2-ethvlanidazole,
2-methvl-4, 3-diphenyvlimidazole,  2-cthvlbenzini-
dazole, 1-phenylbenziuidazole, ' 3-cthyvi-3-chloro-

(12) This componnd was prepasresd by refloxivg consnnelipheael-
wnine with formic acid for severnl hisues,  Onr pricdicr welied o1
83.5° although Fischer amd Rizoud, e 34, 1204 (1191, resated
97°%  dwd, Caled, for CulbhaNa: C, 8044 H, 3,19, Touwwd: C,
80.4, 80.6; H. 5.24, 5.40,
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TABLE 1
MAaNNICH BASES FROM PYRROLES AND AZOLES
Reactants, (moles) Yield Recryst.
Active H compd. Amine Aldehyde Solvent Co solvent
Pyrrole (1) (CH:):NH (2) CH.0 (2) H.O (3) 4%
(CHq).NH-HCI (2) CH,0 (2) H,0 (3) Tar
(CeHs)aNH (2) CH,O (2) H:0 (3) 30
(CoHy)aNH (2) CH,O (1) H.O (1.5) 20
CsHwwNH (1) CH.O (1) AcOH (1) 85 Hexaue
C:HilNH /2) CH,0 2) H.0 (3) 89 Acctone
C:HilNH (4) CH,0 (4) H:0 (6) 69
O(CH,CH,);NH (1) CH-0 (1) AcOH (1)° 95 Hexatie
O(CH.CH,),NH (2) CH,O0 (2) AcOH (1)* 95 Ether
CsHsNHCH; (2) CH:0 (2) H.0 (3) Tar
C5H10NH (1) CHaCHO (1) Noue Tar
C6H4— =CH—;\*H (2) CH,0 (2) CH,;OH (40) 95 Water
2 .5-Dimethylpyrrole (1) C:H,(NH (2) CH,0 (2) Ether (4) 73 Hexane
3.5-Dimethylpyrazole (1) CsHeNH (1) CH.0 (1) Ether (4) 93 Hexane
Benzimidazole (1) C;HwNH (1) CH,O (1) CH,;OH (40) 97 Hexaue
O(CH,CH,).NH (1) CH,O (1) CH;OH (40) 97 Acetone
. (CoHs)2NH (1) CH-0 (1) CH;0H (40) 74 o
Benzotriazole (1) CsHipNH (1) CH-0 (1) CH,0H (40) 92 Hexane
CeHlo\H ( ) CI’IzO (1) CI‘IsOH (40) 90 Hexane

1,2,4-triazole,'® or 1l-phenylbenzotriazole. It is
probable that many of these condensations would
occur at’elevated temperatures. Thus imidazole
is known to condense with formaldehyde in the 2
and 4(3) positions at 120°. In the presence of
secondary amines a Mannich base would un-
doubtedly form under these conditions.

Attempts to use pyrrole as the amine component
in a Mannich reaction were unsuccessful. Con-
densations with formaldehyde and acetophenone,
acetone, 2-butanone, l-nitropropane or 2-nitro-
propane gave tars or liquids which decomposed
on attempted vacuum distillation. Benzimida-
zole condensed abnormally with formaldehyde
and Z-nitropropane and with formaldehyde and
pyrrole to form l-hydroxymethylbenzimidazole.
2-Ethylbenzimidazole was less reactive and ap-
parently did not condense with formaldehyde and
2.nitropropane or 2-butanone,

Numerous attempts to use primary amines
instead of secondary amines and to use higher
aldehydes instead of formaldehyde were all un-
successful in that no readily purified, individual
products were obtained. Polymeric substances
and tars were frequently formed.

Pharmacological Testing.—Compounds B, D,
G, I and J were tested as antimalarials on ducks
infected with . lophurae and also as trypano-
cides un ruts infected with 7. equiperdum and 7'
brucer. They were inactive., Compound I
showed an inconsiderable pressor action (1 mg. =
0.0005 mg. epinephrine) and no appreciable local
anesthetic or analgesic -action. Compound D
was inactive in each of these last three tests.

(13) Prepared in 687, yield by boiling an alkaline splution of the
diazonium clhiloride of 5-aming;-3-ethyl-1,2 4-triazole; m. p. 101--
102°,  Anel. Caled. for C:HsN3Cl: N, 3134, Found: N, 32.32,
3244,

Acknowledgments.—The authors are indebted
to Eli Lilly and Company for financial support
and pharmacological testing, and to the Barrett
Division for generous supplies of pyrrole and
other chemicals.

Experimental

All reactions were run under similar conditions.  With
pyrrole the aldehyde aud the amine were mixed slowly at
0-10°, and the licterocyelie compound was then added
slowly with vigorous stirring. With the azoles the forni-
aldehyde was added to a mixture of the amine and the
azole. The temperature was allowed to rise at the end of
an hour and stirring coutinued for several hours at room
temperature.  Fallowing are descriptious of typical re-
actions.

2,5-bis-(Diethylaminomethyl) -pyrrole.— Dicthylainiue
(14623 g., 2.0 moles) was stirred and maintained at 0-10°
while 160 wl. of 389, formalin (2.0 moles) was added
dropwisc. Imnnediately thereafter 73.7 g. (1.1 mole) of
freshly distilled pyrrole was added portionwise over a
period of half an hour at 10°. The oily product began
to scparate very soou. The cooling bath was removed
and stirring continued for scveral hours. The organic
laycer was separated aund the aqueous layer was etlier ex-
tracted. After drying and removing the ether the product
was distilled under vacuum. Vield was 69 g. (30%1 of a
colorless hqul(l. b. p. 39.0-30.5° (1 mm.), d¥ 0.9144,
#¥p 1.4812, AR caled. 75.43, found 75.57. The liquid
became bro“ 1 in color and decomposed iu the air within a
couple of days. It could be preserved satisfactorily in
evacuatced tubes. The white hydrochloride, mi. p. 124-
127°, was prepared by passing anhiydrous hydrogen chlo-
ride tto o dry ethiereal solution of thie base at Dry Iee
temperatures. It decomposed on attempted reerystalliza-
tion: picrate, vellow, at. p. 112-1147; miethiodide, m. p.
130°.

2.5-bis-(N-piperidinomethyl)-pyrrole.—This  method
utilized an organic acid as solvent. It gave better yieldsin
somne cases and poorer yvivlds in otliers.  Piperidine acetate
was prepared front 30 g, of glacial acctic acid and 42.5 g. of
piperidine.  Foralin, 40 1l of 305 solution (0.5 mole),
was added to the ice-cold wixiure and thea enough water
to facilitate stirring. [reshly distilled pyrrole, 17.4 g.
(0.926 mole) was uow added witlt stitring at 0-107.  After
an hour thie ice-bath was removed and the mixture al-
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TABLE 1

ANALVSES AND PROPERTIES OF MANNICH BASES FROM PYRROLES AND AZOLES

Anajyses, ' N M.op., B. p..

Formula aled. Found °C. °C. (mm.) Product
CinHis N3 23.18 22,99 22.92 ......... 56-58 (2) A. 2.5-bis-(Dimethylaminomethyl)-pyrrole®
CiH N3 17.70 17.60 17.50  ......... 39-40 (1) B. 2,5-bis-(Diethylaminomethyl)-pyrrole®
CuHie N 17.06 17.09 17.03 74.5-75.0 C. 2-(N-Piperidinomethyl)-pyrrole?
CieH2 N 16.08 16.14 16.19  96.5-97.0 D. 2,5-bis-(N-Piperidinomethyl)-pyrrole®
CyH14 N0 16.85 16.58 16.66 69.5-70.5 E. 2-(N-Morpholinomethyl)-pyrrole?
CuHuN,0, 15.84 15.80 15.78  86.5-87.0 F. 2.,5-bis-(N-Morpholinomethyl)-pyrrole
CsHN0 18.91 18.95 19.00 141-143 G. 1-Hydroxymethylbenzimidazole
CisHau N3 14.52 14,46 14.42 157.0-157.5 .... H. 3.4-bis-(N-Piperidinomethyl)-2,5-dimethylpyrrole
CuHaeN; 21.74 21.63 21.86 . ... ... 96-98 (2) 1. 3.5-Dimethyl-1-(N-piperidinomethyl)-pyrazole’
CisHe N, 19.53 19.20 19.28 91.5-92.5 J.  1-(N-Piperidinomethyl)-benzimidazole’
CiHes N0 19.34 19,19 19.09  110.5-111.5  .... K. 1-(N-Morpholinomethyl)-benzimidazole?
CoHN; 20.67 20.71 20.66 ... ..... 157 (3) L. 1-Diethylaminomethylbenzimidazole®
CiaH Ny 25.90 25.64 25.69 92.5-93.5 M. 1-(N-Piperidinomethyl)-benzotriazole’
CisHis N 24.33 24.14 24.51 65.0-65.5 N. 1-(N-2’-Methypiperidinomethyl)-benzotriazole

@ Water, 3 moles, also preseunt. " xn%*p 1.4919, d%.; 0.9406.

hydrochloride, m. p. 124-127°; picrate, m. p. 112-114°; methiodide, m. p. 130°.

cn®p 1.4812; d%, 0.9144; MR caled. 75.43, found 75.57;
¢ Hydrochloride and picrate unstable.

» Hydrochloride, m. p. 119-122°; picrate, m. p. 184-186°. / n*p 1,4982; d%, 0.9919; hydrochloride, m. p. 238-240°.

¢ Hydrochloride, decomposes before melting.  * #%p 1.5657,
lowed to warin to rooin temperature.  After two hours the
ice-hath was restored and the mixture was uneutralized
slowly with 209, sodiuin hydroxide solution. The oily
layer which separated crystallized on standing. It was
recrystallized from acetone aud fornied white roset-
shaped groups of stout needles, m. p. 96.5-97.0°; yield
60 g. (929%,); hydrochloride, m. p. 119-122° (dec. upon
recrystallization); picrate, . p. 184-186G°.
1-(N-Morpholinomethyl) -benzimidazole .—TFormalin,
9.6 1ml., 389, 710,12 mole) . was added, dropwise, to a cooled,
stirred solution of 11.8 g. (0.10 wmole) of benzimidazole
and 9.6 g. (0.11 mole) of morpholine in 150 ml. methanol.
After an hour the coolinng bath was removed and stirring
continued at rocm temperature for several hours. The
solution was filtered, the etlier evaporated, and the solid

d%,; 1.0710. * Hydrochloride, m. p. 167-169°.

product recrystallized from acetone: yield, 21 g. (979%)
of white platelets, m. p. 110.5-111.5°.

Summary

The Mannich reaction has been applied to
various nitrogenous five-atom ring systems. A
number of new derivatives of pyrrole, pyrazole,
benzimidazole and benzotriazole have been pre-
pared and described. The variations and limita-
tions of the reaction in the heterocyclic series are
discussed.
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Compounds Derived from 2,2-Dimethylethylenimine

By D. StanLEY TARBELL AND Davip K. FUKUSHIMA!

Several workers® have investigated the possi-
bility of obtaining optically active forms due to the
trivalent nitrogen atom in suitably substituted
ethylenimines. The most promising approach has

(CH):C-—CH:

(1) Present a.ldrevs: Research Laboratory
New York Ciy. -

(2) (a) Adams amd Cwrns, Tues Joerwaw, 61, 2464 (103 ; (b)
Cairns, ibid., 63, 871 (1041); (¢} Mule and Turner, Chem. Ind,,
582 (193M: () Maeisenlhiomer awd Cliea, Are., 538, 70 (1939);
{e) Maitland, dan. Rept. Chem. Soc. Loudon, 36, 243 (1339).

NMemprinl Hospital,

been that of Cairns,? who prepared 2,2-dimethyl-
ethylenimine (I) and obtained a crystalline urea
derivative from it by the action of 1-a-phenyl-
ethyl isocyanate which, however, gave 1o evidence
of separation into diastereoisomers on recrystalli-
zation.?

The presence of a carbonyl group on the nitro-
gen of the imine ring might tend to flatten the
pyramidal arrangement of nitrogen valences, due
to the contribution from resonance forms involv-
ing a carbon-nitrogen double bond. Therefore, in

(3) Prelog and Wieland, Helv. Chim. Acta, 27, 1127 {1944) [C. A,

39, 1328 (1943) ] have recently reported the resolulivn of Trégers
base, in which the asymmetry is due to trivalent nitrogen atoms,



