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section. The ether extracts were dried, the ether was re- 
inovetf, a i d  the residue was fractionated. A forerun con- 
sisting largely of the N-(2-diethylaminoethyl) -aniline 
tlistillctl iirst, followed by the higher boilirig NIN-bis-(2- 
diethylaininocthyl) -aniline. 

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

Summary 
X number of N-(%diethylaminoethyl)-anilines 

( I )  and N, N-bis- (%diethylaminoethyl) -anilines 
(11) have been prepared by the alkylation of pri- 
mary aromatic amines with diethylaminoethyl 
chloride. These compounds have been tested for 
activity in avian malaria. 
CA?.lI3RIDGE, MASSACIIUSETTS RECEIVED AUGUST 20, 1946 
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With 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 
pleawnt 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 
mtio of reactants used. These products are 
white, crystalline, relatively stable solids and 
are formed in S5-[35Y0 yields. N-hlethylaniline 
iilicl thialdine do not react. 

The Nantiich condensation may proceed by 
any oiie or all of three different mechanisms3 

(A) I< 

(13) R’3SH + CH,O+ R’ZNCH~OH 

E1 f CH2O + R-CHtOH 
KCH,OII + R’2NH 

IZ’SCHZOH + R-H + RCH2KR’z 4- HzO 

RCH~NR’Z + HpO 

or (C) I< --H + CH2O + R’29H + RCHtSR’z + HzO 

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 evitlence. In our experience the best 



yields 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 
pyrr01e.~ Supporting evidence was found in the 
response of these compounds to Ehrlich's testlo 
for free a-positions in pyrroles. The bis-(N- 
piperidinomethyl)- and the bis-(N-morpholino- 
methyl)-pyrroles gave no color (negative test) 
while the corre:sponding monosubstituted pyrroles 
gave the usual red color (positive test) with 
Ehrlich's reagent. The test was less satisfactory 
for the derivatives from dimethylamine a i d  
diethylamine in that the bis conipounds 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 a t  the -NH- group of the ring, L',.5- 
bis- (N-piperidinomethyl) -pyrrole was titrated with 
triphenylmethylsodium according to the proccd- 
qre 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 methiodicles 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 a t  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 hyclroxyl- 
amine gave tars. 

Although the a-positions of pyrrole are first 
attacked, the /3-positions may be substituted by 
blocking the a-positions. 2,s-Dimethylpyrrole 
gives the 3,4-bis-(N-piperidinomethyl) derivative 
without difficulty. N-llethylpyrrole and N- 
ethylpyrrole do not react under the tnild coiitii- 
tions employed. KO success attended efforts to 
introduce more than two amiiioniethjrl 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 forn- 

(9) Tschelinzew and Maxnrow, .I. Xass .  P h y v . - C h w .  .Snr., 48, 718 

( I O )  Fischer-Orth. "Die Chemie des Pyrroles," Vol. 1 ,  Aka- 

111) Corwin and Ellingson, Tms JOURNAL, 64, 2098 (1942). 

(1915): Chcm. Zorrr . ,  94, I ,  1.505 (1923). 

demische Verlagsgescllschaft, Leipzig, 1931. p. 60. 

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 = = - -  group might be expected 
to activnrc the hydrogens of an a-CHa group at- 
tached to the ring as in a-picoline. On the other 
hand , the tlinzole ring systems arc definitely more 
acidic t11,ui ihc pyrrole ring system, and the 
acitllty sccnis to rcwle chit4y i n  the - -SI1 
group. I Ic  i i w ,  tlic Imdictioii ot' t!ic p o i i i  t oI 
attack i n  '1 c ~ i i i j ) ~ ~ i i i d  like :~ , , ? - t l i i i i c t l i~ - l~~yr~~~o lc  
is tliflicult. ,\n elcctroiiic :malysis is coinpltc~tctl, 
a n d  without t I i t  necessary quantitative evalua- 
tions is inconJusivc.. Three monosubsti tutcd 
products are possihle 

l<- s c 1 € 2  

I ,s, 11 , X% 
CII,  'N CII.5 'S 

I I 

CHa a-. . __ K2SCHj- --- CHJ 
I I1 

111 

The product actually obtained (93% yield) was a 
liquid which forr.ied a rather stable solid hydro- 
chloride. Its ease of preparation suggested that  
i t  was not 111. LIannich bases from a-picoline 
form only slowly and a t  elevated temperatures. 
Titration with ttiphenylmethylsodium show no 
active hydrogen, thus eliminating I and 111. 
T i e  correct structure is therefore 11. I t  was riot 
possible to introduce more than one aminomethyl 
group into this pyrazole. 

Similar results were obtained with benzimida- 
zole which gave stable crystalline condens a t '  ion 
products with formaldehyde and either piper- 
idine, rnorpholine or diethylaniinc. 'The sub- 
stituent dialkylaminomethyl group nttachrd it- 
self to the ring nitrogen as shown by titration 
with triphenq.lmetliylsotlium. Renzotriazoltb con- 
densed readily wiih fortnaltlehyde ;uid piperidine 
or ~ - - r n c t h ~ l ~ ~ i p e r i t l i ~ ~ c ,  but thcse prodiicts wvre 
rather unstnldc. Thvy I i y d r o l ~ x ~ !  i i i  hot w:tt(Lr 

I .L1: I 
)tLcti\-c.ly, o f  : r c . t i \ . c %  l J > ~ ( l i ~ ~ ~ ~ !  I I  

No  c~llt iells~~~iolis wll~!tevvt- 
were obtxinetl with iniidazok, t>-etlivliiiii(luzr,le, 
~- ine th~l -~ l , .5 - t I ip l ic . i1~l in i i~ l :~z~~~c,  :!-clii7-lbenzitiii- 
tlazolc., l-l)iieiivllJi.iiririli~i~~~olc,l? :< et  I!?-l -.j-chkro- 

I! 11 <, t 11y IS< It1 i I1 I I 1  st I (  ).,%re( 1 

(12) 'l'his c<mip<~i iwl  wii,, prt ,1>::tn~I ! ~ y  I - L , ~ I : I s ~ I I , ;  :, ~~i~,,ii~,~lii,li,,~i~l- 
:rmirie with formic ncicl fan sc\cr:il I:*,iir\. ( iiir i , i - ~ ~ ~ l : ~ c l  niL.l!r<l ; i t  

8!).50 aIthr,ugh l'isc11ct- :,,,<I I c i . : . t i i i l .  /L, ' . ,  34, IL " ) I  , I ' ' + ) i ) ,  rc!lclf 1LYI 

! ) 7 O .  , l i i u l .  Calcd. f a n  C ~ , i t i  c,  N1:I; I i .  3.1!1. V<,,,*,'l. c ,  
SOA, 80.6; H, 3.24, 5 .40,  
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TABLE I 
MAhTICH BASES FROM PYRROLES AND AZOLES 

___-- Reactants, (moles)- 

Pyrrole (1) (CHs)*SH (2) 
(CH8)2NH'HCl (2) 
(C2Hs)iKH (2) 

Active H compd. Amine 

( c ~ H ~ ) ~ K H  (21 
C5HiJiH (1) 
CjHioXH '2) 
CjHiaSH (4) 
O(CH2CH2)2KH (1) 
O(CHgCH2)pSH (2) 
CsHjXHCHZ (2) 
CaHiaYH (1) 
CeHd-N\'=CH-SH (2) 

2,5-Dimethylpyrrole (1) CsHioSH (2) 
3,5-Dimethylpyrazole (1) CSH&H (I) 
Benzimidazole (1) CjHioSH (1) 

O(CHiCH2)gSH (1) 
(Ci")zKH (1) 

Benzotriazole (I) CsHioSH (1) 
CeHIiSH (1) 

l,2,-l-triazole,13 or 1-phenylbenzotriazole. It is 
probable that many of these condensations would 
occur a t  'elevated temperatures. Thus imidazole 
is known to condense with formaldehyde in the 2 
and 4(5) positions a t  120'. In the presence of 
secondary amines a Mannich base would un- 
doubtedly form under these conditions. 

Btteinpts to use pyrrole as the amine component 
in a Alannich reaction were unsuccessful. Con- 
densations with foriiialdehyde and acetophenone, 
acetone, 2-butanone, 1-nitropropane or 2-nitro- 
propane gave tars or liquids which decomposed 
on attemptecl vacuum distillation. Benzimida- 
zole condensed abnormally with forrrialdehycle 
and 2-iiitropropaiie arid with formaldehyde and 
pyrrole to ioriii I-liyclrosyiiiethylbenzimidazolc. 
"Ethylbenzimitlazole was less reactive and ap- 
parently did not condense with foriiialdehyde and 
2-nitropropane or "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 
arid tars were frequently formed. 

Pharmacological Testing.-Compounds B, D, 
G, I arid J were tested as antiiiialarials on ducks 
jiifect<~tl with 1'. Inpl174rtre :md also as trypano- 
cides CHI rats infected with 7'. equipevtluru and 7'. 
Lrucei. They were inactive. Compound I 
showed an inconsiderable pressor action ( I  mg. = 
0.0005 mg. el%nephrine) and no appreciable local 
anesthetic 0.r analgesic action. Coinpound D 
was inactive in each of these last three t v s t s .  

(13) Prepared in  G3T0 yield by boiling an alkaline solution o f  the  
diazoniurn chloride of D-aminr1-3-ethyl-1,2,~-triaz~~l~; m. p. 101-- 
ll)'2°, A,ia2. Calcd. for CdHeXdX: N,  31.04. I'ound: N, 32 .33 ,  
32.44. 

~~ 

Aldehyde 

CHz0 (2) 
CH20 (2) 
CHiO (2) 
CH20 (1) 
CH20 (I) 
CHi0  2 )  
CHiO (4) 
CH20 (1) 
CH20 (2) 
CHI0 (2) 
CHiCHO (1) 
CH2O (2) 

CH20 (2) 
CHiO (I) 
CHzO (I) 
CHzO (1) 
CH20 (1) 
CHz0 (1) 
cr-120 (1) 

Solvent  

HzO ( 3 )  
Hz0 ( 3 )  
H B  (3)  

rlcoE-i (1)" 
11.0 (3 )  
HLO (6) 

HZ0 (1 5) 

AcOH (I)" 
AcOH (1) '  

Soiie 
H2O (3)  

CNjOH (40) 

Etlier (4) 
Ether (1) 
CHjOH (40) 
CH30H (40) 
CHjOH (40) 
CHJOH (40) 
CH30H (40) 

Ul$ld, , 
48 
Tar 
30 
20 
85 
89 
69 
95 
95 
Tar  
Tar  
95 

73 
93 
97 
97 
74 
92 
90 

Kecryst. 
solvent 

. . . .  

Hexane 
Acetone 

Hexane 
Ether 

\Vater 

Hexane 
Hcxaiie 
lfcxaiie 
Acetone 

Hexane 
Hexane 

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 
\Vith 

pyrrole the aldehyde and the amine were mixed slowly a t  
0-10 ', and the heterocyclic compound was then added 
slowly with vigorous stirring. \\'ith the azoles the form- 
aldehyde was atldetl to a mixture of the amine and the 
azole. The tciiipcrature wa; alloired t o  rise a t  the end of 
ail hour aiitl stirring coiitiiiuetl for several hours at room 
ternpcrat~irc. Fwllo\viiig arc tlc,criptions of typical re- 
actioiis. 

2,5-bis- (Diethylaminomethyl) -pyrrole .- Dicthylainin; 
3 g. ,  2.0 inolcs) \\.ah itirred anti i~iaiiitaitied a t  0-10 
] t i0 1111. of ;3Syo ioriiialiii ( 2 . 0  moles) was added 

,is?. 1iniiic.tlintcly thereafter 73.7 g. (1.1 inole) of 
freihly tliitilletl pyrrole wab atitled portionwise over a 
period of half an hour at IO" .  The oily product began 
t o  separate very soon. The cooling bath was removed 
and stirring contiiiuctl for several hours. The organic 
layer was separated aiitl the aqueous layer \vas cthcr ex- 
tracted. After drying atid removing the ethcr the product 
was distilled under vacuum. Yield was 69 g. (S070'~ of a 
colorless liquid, 1,. p.  :30.0-39.~5" (1 tnm.) ,  ( lZRh 0.9144, 
~ P D  l.4X12, JliZ calctl. 7>.43, found 75.,-) i .  The liquid 
became bro\vii iii color aiitl decomposed in the air within a 
couple of days. I t  could be preserved satisfactorily in 
evacuatd  tulxs .  The white hydrochloritlc, m. p .  124- 
127 ', \\-a< piqxirctl liy pa+iiig niiliytlrous hytlrogcn chlo- 
ritic. iiito :I tli-y t,tlitm,al soliitioii of t h e  1 w - v  a t  Dry Ice 

. I t  tlccoiiipocid oii 3t t t .mptd  recrystalliza- 
, ycllnn-, i l l .  p .  11:1--114"; metlliodide, m.  p. 

130'. 
2,5-bis-( N-piperidinomethyl) -pyrrole .-This method 

utilized a11 organic acid as rolveiit. t gave better yields in 
some cases aiitl poorer yicltls in otl . Piperidine acetate 
!\-as prcparcrl Trtiiii :;I) g .  oC glacial awtic acid and 12 .5  g. of 
piperitliiic,. F<iriiiaIiti, +( I  t n l ,  i i i  ;31)c,:, wlutiiin tO.5 ii~ole),  
\vas atitled to  the ice-coltl iiiirture arid theii enough water 
to facilitate s!irriiig. I:i-cshly dixtillctl pyrrole, 17.4 g.  
(0.2(i iiiolc) \ v a h  i i o i v  : i t l ( l u l  \\it11 itir-riiig a t  1 1 -  10 ' .  After 
ai1 hour the ice-bath \ ~ a >  I-einovcd uid the mixture al- 

All reactions \yere run uiidcr similar conditions. 
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TABLE I 
 ab^^^^^^ A N D  PROPERTIES OF MANNICH BASES FROM PYRROLES AND AZOLES 

Analy,;es, N R I .  I]., B. P . ,  
Formiila Calcd. Found OC. ' C .  (mm.) Product 

ClilHIOSI 23.18 22,99 22.92 . . . . . . . . . 56-58 ( 2 )  A. 2,S-bis-(Diinethylaminomethy1)-pyrroleb 

Cl4H.',X3 17.70 17.60 17.50 . . . . . . . . 39-40 (1) B. 2,5-bis-(Diethylaminomethyl)-pyrroleC 

CJiIGS? 17.06 17.09 17.03 74.5-7,5,0 , , , . C. 2-( S-Piperidinomethy1)-pyrroled 
Cl&i?:S3 l(i.08 16. 14 16. 19 96.5-97.0 . . . . D. 2,Z-bis- ( N-Piperidinomethy1)-pyrrolee 

CgHirSyO 16.85 16.58 16.66 69.5-70.5 . . . . E. 2-(N-Morpholinomethy1)-pyrroled 
ClrHyaSaC)2 15.84 15.80 IS .  78 86.5-87.0 . . . . F. 2,5-bis-(K-Morpholinomethyl)-pyrrole 

CBHES20 18.91 18.93 19.00 141-143 . . . .  G. LHydroxyinethylbenzimidazole 

CisHsiSa 14.52 14.16 14.42 157.0-157.5 . . . .  H. 3,4-bis-(r\T-Piperidinomethyl)-2,~-diinethylpyrrole 
CIIHi9S3  21.74 21.63 21.56 . . . . . . . . 96-98 (2)  I. 3,5-Dimethyl-l-(N-piperidinomethyl)-pyrazole/ 
Ci3HI7h-3 19.53 19.20 19.28 91.5-92.5 , , . . J.  1-(S-Piperidinomethy1)-benzimidazole0 
C ~ ~ H I ~ S S O  19.34 19.19 19.09 110.5-111.5 . . . . E;. 1-( ?;-Morpholinomethyl)-benzimidazoleu 
CI2HI7S3 20.67 20.71 20.66 . . . . , . . . . 157 (3) L. 1-Diethylaminomethylbenzimidazoleh 
CigHi~Kil 25.90 23.64 28.69 92.5-93.5 . . . . M. 1- (N-Piperidinomethyl) -benzotriazole* 
C13Hi~S4 21.33 24.14 21.51 65.0-65.5 . , . . S. 1-(S-2'-Methypiperidinomethyl)-benzotriazole 

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

o Hydrochloride, tlccornposes before melting. 

11 Water, 3 moles, also present. ng6D 1.4919, d2"6 0.9406. ? z * ~ D  1.4812; Pys 0.9111; M R  calcd. 75.43, found 75.57; 
Hydrochloride and picrate unstable. 

Hydrochloride, m. p. 119-122'; picrate, in. p. 184-186'. f n " ~  1.4982; dzfi2fi 0.9919; hydrochloride, m. p. 238-240O. 
n Z 6 ~  1.5657, dZ523 1.0710. Hydrochloride, m. p. 167-169". 

lowed to r;arin to room temperature. -1fter two hours the 
!ce-hath was restored and the mixture was neutralized 
slowly with 20%; sodium hydroxide solution. The oily 
layer which separated crystallized on standing. It was 
recrystallized from acetone and formed white roset- 
shaped groups O F  stout needles, in. p. 96.5-97.0"; yield 
60 g. (92%) ; hydrochloride, in. p.  119-122" (dec. upon 
recrystallization) ; picrate, in. p.  184-18li". 

1 -( N -Morpholinomethyl) -benzimidazole .- ~Forinalin, 
!3.6 i d . ,  3>i70 (0 .12  mole), wasadrled, dropvise, toacooled, 
stirred solutioii of 11.8 g. (0.10 inole) O F  henziinidazole 
and 9.6 g .  (0.11 mole) of inorpholine in ljll rnl. methanol. 
After an hour the cooling bath was removed and stirring 
continued at rocmi teinpcraturc for scvcral hours. The 
solution illt<'rcil, thc  et1ic.r evapor,itctl, a i i t l  t lic solid 

product recrystallized from acetone; yield, 21 g. (97%) 
of white platelets, m. p. 110.5-111.5". 

Summary 
The llannich reaction has been applied to 

various nitrogenous five-atom ring systems. X 
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. 
I,AFAVETTE, INDIANA RECEIVED Jr-se 2fi, 1940 

[CC NTRIBUTION FROM THE DEPARTMENT O F  CHEMISTRY OF THE UNIVERSITY O F  ROCHESTER] 

Compounds Derived from 2,Z-Dimethylethylenimine 
BY D. STASLEY TARBELL AND DAVID K. FUKUSHIMA' 

Several w70ri;ers2 have investiga tcd the possi- 
bility of obtaining optically active f o r i i i s  due to the 
trivalent nitrogen atom in suitably substituted 
ethylenimines. The most promising approach has 

I I 
€I 

been that of Cairns,2b who prepared .',L'-diineth\-l- 
ethylenimine (I) and obtained a crystalline urea 
derivative from i t  by the action of l-a-phenyl- 
ethyl isocyanate which, however, gave no evidence 
of separatioii 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, H e i z .  Chim.  Aclu.  27, 1127 !1944) [C. A , ,  
39, 4328 (194.5) 1 have recently reported t h e  rest,lutii,n uf 'Trugera 
basc, in which the asymmetry is due tu trivalent nitru-cn atonia. 


