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The hydrochlorides listed in the footnotes to Table T
were prepared by dissolving the bases in dry cther and add-
ing slonly with stivring an ether solution containing slightty
more than two cquivalents of hydrogen chiloride. The
salts were purified by reerystallization from an anhydrous
aleohol cther mixture., They proved to be somewhat
hygroscopic and consequently most of the compounds were
submittod as the bases for phaninacological testing.

N,N-Bis-(2-diethylaminoethyl) -anilines (II).—A sus-
punsion of €3 mole of the primary aromatic amine, 0.7 mole
(120 g.) of 2ulicthylaminocthyl chilovide hydrochloride,

2 moles (166 g.) of anhivdrous potassium carbonate, 2 g.
of copper brenze powder and 350 ml. of benzene was
heated nuder reflux with stirring as deseribed above for
twenty-~four hours.  An additional (1.3 mole (32 g.) of 2-
dicthylamimocethyt chloride hydrochtoride was then added
and the stirring and lLeating were continued for an addi-
tional twelve hours. The reaction mixture was then
cooled, agueors sodimm hrdroxide was added and the mix-
ture was extracted with ctier 2s deseribad in the preceding
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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
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
(1I) 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 Cecndensation of Aldehydes and Amines with Nitrogenous Five-atom Ring
Systems!

By (. BryanT BactivaN aND LowgeLL V. HEISEY?

The condensation of aldehydes aud amines
with compounds contaming an active hydrogen
atom has proved to be a widely applicable method
of introducing aminomethyl groups.”

As applied to heterocyclkie compounds, three
tvpes of active hydrogen atoms may be involved:
{1) those directly attached to the nucleus, as in
antipyvrine! and mdole?; (2) those attached to the
a-carbon of an alkyl group attachied to the ring,
as i e-picoline’ and quinaldine’; and (3) those
attached to smide chains where the activation is
provided hy some group other than the ring, as
i1 2-acetothienone® or 2-acetylfuran.® ’

The publishied observations on Mannich bases
derived from each of these types are rather limited
in scope atid the behaviors of many of the simpler
ring systeins under the usuul conditions of the
condensation are unknown. We lhove under-
taken to prepare w senwes of compouuds of type
(1} for the purpose of studying the generality of
the reaction in the heteroevelic series, of deter-
mining the wost active hydrogen in various ring
swstemy, winl of studving the pharmacological
activity of these types of nitrogencous matenal,

Pyrrele condenses with formaldehyde and sec-
ondary amites secording to the equation

i1} Rewd before the Orpanie Section at the Atlantie City meeting
of the American Chemienl Society. April, 1916,

(2) From the B 5 thesis of Lowell V. Heisey, Purdue University,
October, 104,

t3) For a review ste Blicke, “The Mannich Reaction,” Vol, I,
Chapter 13 of “Oryanie Reactions.” R, Adums, editor-in-chief,
John Wiley aud Sons. Ine . New York, XN Y., Hid2,

1) Manuich and Krosche, Areli, Pharae, 2580, G47T (1012).

(1) Kuhn and Stein, ey T3, 567 (19375,

) Teeon Heou Foo, (e pt, rend 192, 1242 (1031).

T Kermael il Nuir, o Cleem, Soe,, SOS8 (HET,

(8) T evy and Nishet, 7hnf. 1000 (1U38),

+ CH:O + RyNH —> RzNCHz\l J +
N

H H
RiNCHx i _/CH:NRy
AN
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 85-95% yields. N-Methylaniline
and 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,0H
R’NCH,OH + R—H —> RCH;NR";: + H,O
or (C) R-H + CH,0 + 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 kinctic 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-
ure 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 were 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 g-positions may be substituted by
blocking the a-positions. 2,5-Dimethylpyrrole
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 efforts 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. Zentr., 94, 1, 1505 (1923).

(10) Fischer-Orth. “Die Chemie des Pyrroles,” Vol. 1,

demische Verlagsgesellschaft, Leipzig, 1934, p. G6.
{11} Corwin and EHingson, TH1s 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 «-CHj; group at-
tached to the ring as in a-picoline. On the other
hand, the diazole ring systems are definitely more
acidic than the pyrrole ring system, and the
acidity secems to reside chiefly in the —NF[—
group. Hencee, the prediction of the point of
altack in a compound like 3,5-dimethvipyrazole
is diflicult.  An clectronic analysis 1s complicated,
and without the necessary quantitative evalua-
tions is inconclusive. Three monosubstituted
products are possible

RNCIH,
!
NOH N
cry NN CH; -/
R:NCH, - CH; el CHG
I 1I

L—.+-‘—(:}12c:}12,\*112
11

The product actually obtained (939 vield) was a
liquid which formed a rather stable solid hydro-
chloride. Its ease of preparation suggested that
it was not II1. Mannich bases from a-picoline
form only slowly and at elevated temperatures.
Titration with triphenylmethylsodium show no
active hydrogen, thus eliminating I and IIL.
The correct structuve is therefore 11, It was not
possible to introduce more than one aminomethyvl
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 triphenylmethylsodium. Benzotriazole con-
densed readily with formaldehyde and piperidine
or Z-methylpipenidine, but these products were
rather unstable.  They hydrolyzed in hot wuter
and  with  triphenvimethylsodium  showed 1.2
and 1.11 moles, respectively, of active bydiogon
per mole of product.  No condensations whatever
were obtained with imidazole, 2-ethylimidazole,
2-methyl-4,3-diphenvlimidazole, Z-cthvlbenzimi-
dazole, 1-phenylbenzimidazole,* 3-cthyvi-3-chloro-

(12) ‘This compound was prepared by reflusing o aminodiphenyt -
amine with formic acid for several bours.  Our produeet melied at
80.5° although Fischer and Rizand, Ber.. 34, 1204 (1901, reported
07°. Anda. Caled. for CuxbleNe: O, 804 ¥, 3.19. Yound: C,
80.4, 80.6; H, 5.24, 5.40.
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Reactants, (moles)
Amine

(CH:).NH (2)
(CHL),NH-HCI (2)
(C.H;):NH (2)
(C,H.)NH (2]
CsHyNH (1)
CoH,NH 12)
C:H;:NH (4)
O(CH,CH,):NH (1)

Active H compd.
Pyrrole (1)

O(CH,CH.),NH (2)
CsHs;NHCH; (2)
C:HuNH (1)
CiH—N—=CH—NH (2)

CsH o NH (2)
CeHioNH (1)

C:H )NH (1)
O(CH;CH,);NH (1)
(C:Hs),NH (1)
CsHiNH (1)

2,5-Dimethylpyrrole (1)
3,5-Dimethylpyrazole (1)
Benzimidazole (1)

Benz‘otriazole (1)
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TABLE I
MANNICH BASES FROM PYRROLES AND AZOLES
Yield, Recryst.
Aldehyde Solvent < solvent
CH.0 (2) HO 3) 48
CH,0 (2) H,0 (3) Tar
CH,0 (2) H,0 (3) 30
CH,O (1) H.O (1.5) 20
CH.0 (1) AcOH ()" 85 Hexane
CH,0 2) H.,0 (3) 89 Acetone
CH.0 (4) H,O (6) 69
CH,0 (1) AcOH (1) 95 Hexane
CH,0 (2) AcOH (1)* 95 Ether
CH-0 (2) H.0 (3) Tar
CH;CHO (1) None Tar
CH.0 (2) CH;0H (40) 95 Water
CH,0 (2) Ether (4) 73 Hexane
CH,0 (1) Ether (4) 93 Hexane
CH.0 (1) CH;0H (40) 97 Hexane
CH.0 (1) CH;OH (40) 97 Acetone
CH0 (1) CH;0H (40) 74 L
CH.0 (1) CH;OH (40) 92 Hexane
CH0 (1) CH;0H (40) 90 Hexane

CsHNH (1)

1,2,4-triazole,’® or 1-phenvlbenzotriazole. 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 2-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
mmfected with . lophurae and also as trypano-
cides on rats infected with 7. equiperdum and T
brucet. 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 solution of the
diazonium chloride of 5-amino-3-ethyl-1,2 4-triazole; m. p. 101~

102°,  Anal. Caled. for CiHsN3Cl: N, 31.04, Found: N, 32.32,
32.44.

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 and the amine were mixed slowly at
0-10°, and the heterocyclic compound was then added
slowly with vigorous stirring. With the azoles the form-
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 continued for several hours at room
temperature.  Following are descriptions of typical re-
actions.

2,5-bis-(Diethylaminomethyl)-pyrrole.— Dicthylamine
(146.3 g., 2.0 moles) was stirred and maintained at 0-10°
while 160 ml. of 389, formalin (2.0 moles) was added
dropwise. Immediately 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 separate very soon. The cooling bath was removed
and stirring continued for several hours. The organic
layer was separated and the aqueous layer was cther ex-
tracted. After drying and removing the ether the product
was distilled under vacuum. Vield was 69 g. (30%) of a
colorless liquid, b. p. 39.0-39.5° (1 mm.), d*s 0.9144,
#¥p 1.4812, MR caled. 75.43, found 75.57. The liquid
became brown in color and decomposed in the air within a
couple of days. It could be preserved satisfactorily in
evacuated tubes. The white hydrochloride, m. p. 124~
127°, was prepared by passing anhydrous hydrogen chlo-
ride into a dry ethereal solution of the base at Dry Ice
temperatures. [t decomposed on attempted recrystalliza-
tion: picrate, vellow, m. p. 112-1147; methiodide, m. p.
130°.

2,5-bis-(N-piperidinomethyl)-pyrrole.—This  method
utilized an organic acid as solvent. It gave better yields in
somme cases and poorer yields in others.  Piperidine acetate
was prepared from 30 ¢, of glacial acetic acid and 42.5 g. of
piperidine.  Formalin, 40 ml. of 305 solution (0.5 mele),
was added to the ice-cold mixture and then enough water
to facilitate stirring. Ireshly distilled pyrrole, 17.4 g.
(0.26 mole) was now added with stirring at 0-10°.  After
an hour the ice-bath was rewoved and the mixture al-
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TaBLE 1
ANALYSES AND PROPERTIES OF MANNICH BASES FROM PYRROLES AND AZOLES
Analyses, 7 N M. p., B. p.,
Formula Caled. Found °C. °C. (mm.) Product
CioHig N3 23.18 22,99 22.92 ..., .... 56-58 (2) A. 2,5-bis-(Dimethylaminomethyl)-pyrrole®
CuH»N; 17.70 17.60 17.50  ......... 39—-40 (1) B. 2,5-bis-(Diethylaminomethyl)-pyrrole®
CruH N 17.06 17.09 17.03  7+.5-75.0 C. 2-(N-Piperidinomethyl)-pyrrole?
CisHar N3 16.08 16.14 16.19  96.5-97.0 D. 2,5-bis-(N-Piperidinomethyl)-pyrrole®
CeHuN:0 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
CsHN.0O 18.01 18.95 19.00 141-143 G. 1-Hydroxymethylbenzimidazole
CisHa N, 14.52 14.46 14.42 157.0-157.5 S H. 3,4-bis-(N-Piperidinomethyl)-2,5-dimethylpyrrole
CiuHisNy 21.74 21.63 21.56 . ... ... 96-98 (2) 1. 3,5-Dimethyl-1-(N-piperidinomethyl)-pyrazole’
Ci:HirN; 19.53 19.20 19.28 91.5-92.5 J.  1-(N-Piperidinomethyl)-benzimidazole’
CipHisN: O 19.34 19.19 19.09 110.5-111.5 e K. 1-(N-Morpholinomethyl)-benzimidazole?
CHpN; 20.67 20.71 20.66 ......... 157 (3) L. 1-Diethylaminomethylbenzimidazole®
CiaHisNy 25.90 25.64 25.69 92.5-93.5 M. 1-(N-Piperidinomethyl)-benzotriazole’
Ci3HisNy 24.33 24.14 24.51  65.0-65.5 N. 1-(N-2'-Methypiperidinomethyl)-benzotriazole

« Water, 3 moles, also present. ? #2p 1.4919, d%,; 0.9406.

hydrochloride, m. p. 124~127°;

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

¢ n¥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°. / n2p 1.4982; d%, 0.9919; hydrochloride, m. p. 238-240°,

¢ Hydrochloride, decomposes before melting. * #%p 1.5657,
lowed to warm to room temperature.  After two hours the
1ce-hath was restored and the mixture was neutralized
slowly with 209, sodium hydroxide solution. The oily
layer which separated crystallized on standing. It was
recrystallized from acetone and formed 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, m. p. 184-186°.
1-(N-Morpholinomethyl) -benzimidazole .—Formalin,
9.6 ml., 389, (0.12 mole), was added, dropwise, to a cooled,
stirred solution of 11.8 g. (0.10 1mole) of benzimidazole
and 9.6 g. (0.11 mole) of morpholine in 150 ml. methanol.
After an hour the cooling bath was removed and stirring
continued at room temperature for several hours. The
solution was filtered, the cther evaporated, and the solid

d%,y; 1.0710. ¢ Hydrochloride, m. p. 167~169°.

product reerystallized 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.

LLAFAYETTE, INDIANA REecrIVED JUNE 26, 1840
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Compounds Derived from 2,2-Dimethylethylenimine

By D. StanNLEY TARBELL aND Davip K. FukusHiMal

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.

H

(1) Present addre-s: Research Laboratory
New York City. -

(2) (a) Adams and Cairns, Tus Joursan, 61, 2464 (1039);
Cairns, bid., 63, 871 (1941); (c} Mole and Turner, Chem. Ind.,
882 (1939); (d) Maisenheimer and Chou, A, 838, 70 (1939);
(e} Maitland, dnn. Rept. Chem. Soc. London, 36, 243 (1939).

NMemorial Hospital,

(b)

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 no 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,

389, 1328 (1945)] have recently reported the resolution of Trigers
base, in which the asymmetry is due to trivalent nitrogen atoms,



