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The synthesis of a number of 1- and 2-pyrrolealkylamines is reported. 

Thcb physiological activity of phenylalkylamines 
and related substances has led to the synthesis and 
pharmacological study of analogs containing the 
isosteric furan and thiophene n ~ c l e i , ~  but pyrrole- 
alkylamines have received little attention. Mono- 
and di-alkylaminomethylpyrroles are readily ac- 
cessible through the Mannich rea~t ion~8~~6 and the 
parent compound 2-aminomethylpyrrole was pre- 
pared much earlier.' The literature records only 
a brief mention of their lack of antimalarial activ- 
ity. The antihistaminic properties of 2-(2-amino- 
ethyl)pyrrole*~9~10 have been commented 
and a recent publication dealing with the synthesis 
of l-(2-aminoethyl)pyrrole13 testifies to continrird 
interest in this field. 

The present paper deals with the synthesis of a 
number of 2-S-alkyl-, 2-N,X-dialkyl-, 1-S-alkyl-, 
and I-K,S-dialkylaminoalkylpyrroles and includes 
severa I related primary amines. Physiological prop- 
erties of the products will be reported elsewhere. 

2-d?ninoethylpyrroles. The method adopted for 
the synthesis of the substances listed in Table I in- 
volved the acylation of 2-(2-aminoethyl)pyrrole 
followed by reduction with lithium aluminum hy- 
dride, reacylation of the resulting secondary amines, 
and subsequent reduction to the tertiary amines. 
An alternative method, the conversion of ethyl 2-  
pyrroleacetate to  the appropriate amide followed 
by reduction with lithium aluminum hydride, was 
not satisfactory due to the poor yields encountered 
in the first step. Attempts to  introduce the dialkyl- 
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aniinoethyl group directly by reaction of pyrrole- 
magnesium iodide with S, ;\'-dialkylaminoet hyl 
halides14 were not successful. Methylation of 2-(2- 
aminoethy1)pyrrole by the Clarke-Eschweiler re- 
actionI5 likewise could not be effected. This is not 
surprising when the ease of resinification of pyrrole 
under acidic conditions and its susceptibility to di- 
pyrrylmethane formation in the presence of formal- 
dehyde'6a is considered. 

1 -ilminoalkylpyrroles. Reaction of potassiuin pyr- 
role with chloroacetonitrile, a-bromopropionitrile, 
B-chloropropionitrile, and ychlorobutyronitrile 
gave the appropriate cyanides in 25%, 33%, 63%," 
and 6% yield. Reduction yielded the desired pri- 
mary amines. While the yields were satisfactory 
only in the case of 0-chloropropionitrile, this 
method, because of its convenience, offers advan- 
tages over the preparation of 1-(2-aminoethyl)pyr- 
role reported earlier.I3 The very low yield obtained 
with ychlorobutyronitrile, which could not be im- 
proved by substitution of the bromide, is paral- 
lelled by earlier results which indicate lack of reac- 
tivity \Then pyrroles are alkylated by halides of in- 
creasing chain length.16b Secondary amines were 
prepared by forniylation followed by reduction. An 
attempt to improve the yields of 1-(1-methyl-2- 
aminoethy1)pyrrole and its K-methyl analog by 
proceeding via ethyl 2-(1-pyrrole)propionate failed 
in the last step due to our inability to reduce satis- 
factorily the amides obtained from this ester. 

The tertiary amines described in Table I1 were 
prepared conveniently by alkylating pyrrole with 2- 
dimethylaminoethyl chloride, 2-dimethylamino- 
isopropyl chloride, and 2-diethylaminoethyl chlo- 
ride. l8 Similarly, potassium pyrrole and 3-dimethyl- 
aminopropyl chloride furnished l-(&dimethyl- 
aniinopropy1)pyrrole. 

 EXPERIMENTAL'^ 
I-(I-AniinomethUI)pUrroZe. This compouiid IWS made by 
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M.p. Analrses 
Yield, or B.p., C H T Picrate, 

Kl Ii 2 y, "C. hIm. Formula Calc'd Found Calc'd Found Calc'd Found Ll.p., "C. 

CiH12N2 67 70 67.4:) 9 . 7 7  9 .92  22.5 22.2 157-158* -- CHI H i s  58-59a 

CpHj H 91 82 1 . 2  CgHidX? Y 167-1688 
CpH: COCH, 46 62-6Sh CIoHigS20 15.4 15 5 

CHI CIIO 69 138 0 6' C 8 1 1 1 2 S p O  18.4 18 2 
CHI CH, 53.5 84 4d CgH1,?J2 69.52 69.13 10.21 9 .89  112.5-1 13e9f 

C2Hj C?Ha 61 74 0 .5 i  CIOHI8T2 72 24 72.04 10 91 10 65 16 .8  16 .7  3 

a Suhlimcd 'i Cdc'd for C13HliNjOi: C, 44.19: H, 4.28. Found: C, 43.72; H ,  4.28. n': 1.5346. nzg 1.5062. e Calc'd for 
C1aH17?j&i: C, 45.77: H, 4.B:; T, 19.1. Found: C, 45.57; H, 4.88: h', 18.8. J' Llethiodide recrystallized from anhydrous 
ether-methanol, m.p. 185-186". Calc'd for C9HIiIS2: S, 10.0. Found: X, 9.8. 9 This substance could not he analyzed satis- 
factorily due to decomposition, h i t  the picrate gave good results. Calc'd for C14HliTii0i: C ,  45.77; H ,  4.67; S, 19.1. Found: 
C ,  45.66: H, 4.95: S, 19.1. This compound did not fdriiish a crystalline picrate but 
:i niethio4ide of 1n.p. 110-1 11 '. Calc'd for C1,Hp1IT2: S, 9.1. Found: N, 9.2. 

13.p. 129-135" (0.8). i n'z 1.5013. 

TABLE I1 

Rz 
3f.p.  dnalvses 

Yield, or B.p , C H T Picrate, 
RI  It It, 7, "C. Mni Formula Calc'd Found Calc'd Found Calc'd Found RI p. ,  "C 

H H H 58 68 3= C6H10S2 65.42 65.72 0 15 9 34 25 4 25.0 167-168* 
H CHO H S i  119 0 35' C7HI0S20 60.85 60 81 7 . 3 0  7.54 20 3 20.0 
H CH, H 4:% 46 0 . 8 d  CiHl2N2 67 70 67 44 9 74 9 56 22 .8  22 8 173-174e 
CH3 C,H3 H 35 110 37f CgH,J2 69 52 69.30 10 21 10 15 20 3 20 2 133-133.78,h 
C2H: CJl: H 38 98 l-Li C1,Hl&', 72 24 72.M 1 0 . 0 1  10 92 16 8 16 8 88-893 
H €I CH3 7 3  57 1 2k C7HI2T2 (i7.70 67 11 9 74 !L54 17t?-1ii' 
H CIIO CH, 87 129-131 0 7 . CsH12N20 ti3 I 3  ( 3 . 4 5  7 95 8 05 IS 4 18 2 
H CHI CH, 7 5  50-52 1 2m CgH,,?I'z 69 57 ti8 82 10 21 10 33  20 2 19 8 130 5-161 S n  
CH3 CHI CHI 21 85-87 11" CYHICS2 71 03 71.20 10 59 10 77 17 ti 18 4 157-158P)Q 

1.5050. e Calc'd for ClaII1jyj07: S, 19.8. Found: X, 20.2. f n*z 1.4890. Q Calc'd for CI~H17N,0i: C, 45.77: H,  4.87: X, 19.1. 
Found: C, 45.80: H, 4.70; N,  19.2. Jfethiodide, m.p. 245-246" from methanol. Calc'd for CYH1iISp: C, 38.58: H I  6.12; K, 
10.0. Found: C, 38.93; H, 6.20: n', 9.8. Lit.'* 80" (4).  j Calc'd for Cl&l?;sOi: C, 48.61; H, 5.35; S,  17.7. Fo~iiid: C, 48.27; 
H, 5.48; S,  17.6. il n'," 1.5062. n*; 
1.4895. lZ C.alt'd for ClaHiiTrO,: C, 45.77; H ,  4.67; N,  19.1. Found: C, 45.52: H, 4.45; T! 18.7: n'd 1.4348. P Calc'd for 
ClsHlC'JjOi: C, 47.28; H, 5.02. Found: C!  47.69: H, 4.07. * J le fh iodl 'de ,  m.p. 240-250" from methxiiol. Calc'd for Cl"HlJS2: 
C, 40.83: H, 6.51. Found: C, 41.17; H, 6.45. 

-~~ 

0 n'3 1.5178. * Calc'd for C12HdiO;: C, 42.48; H ,  3.86: T, 20.7. Found: C, 42.80: €I, 3.91: T, 20.6. n'; 1.5336. IL'; 

Calc'd for C13HliSiOi: C, 44.19; 11, 4.28: S,  19.8. Found: C ,  44.35; 11, 4.15; T: 19.7. 

the reduction of 2-pyrroleacetonitrile in 60-70% yield.20 
Its rnethiodide was prepared by stirring and heating at 
reflux a solution of 1.1 g. of the base in 50 nil. of anhydrous 
methanol, 2 nil. of methyl iodide, and 1.1 g. of lithium 
carbonate. After 24 hours, another 2 nil. of methyl iodidt. 
\vas added :tnd thcl mixture vas  heated for a n  additional 12 
hours. Thc solid oht:tined 011 rooling and thc material 01)- 
tained Eroin the, 1iiothr.r liquors WLS rei 

l r ~ ~ u h  iii~thanol-anhydrou~ ether, yield 2.0 g. 
Iver-n-hit? platelets, m.p. 185-186" (der,), 

Anal .  Ca~c ' t l  for ('HHliIX,: X, 10.00. Found: n', 9.75. 
2 - [ 2 - ( ~ ~ ~ - J l e t h ! i / a , , i i n o ) e t h ~ ~ ] p ~ ~ , ~ o ~ e .  h solution of 9 g .  of 

2-(2-formamidoeth~l)pyrrole~~ in 25 nil. of anhydrous tet,ra- 
hydrofuran Tas added to a slurry of 2.5 g. of lithium aliimi- 
num hydride in 75 ml. of anhydrous ether. After two hours 

(20) Here mid Tockri, J L47n. Chrin. Soc., 77, 6353 
(1955). 

of stirring at reflux, the mixture nas  decociposed by the 
addit,ion of water. The ether extracts iwre \\-ashed, dried, 
and distilled. Sublimation of the residue in L'cIciLo (bath tem- 
perature 50-60") frumished 6.1 g. (75yc) of cwloi,less crystals 
whose propertics :ire described in Tahlt I. 

Other lwiui~tioiis of amitlc-s with litliiuni :iliiiiiiiium hy- 
cd oiit i n  a similar niaiiii~r. 

d-(1-.4 cetafii idoethgl) . This r~ompuund, dcscribeii 
wrIirP0 :tF :I liquid, ( izeti on distillation. h.p.  163' 
(1 nini.). in thc i-oiirse of the present n-ork. Cryst:illizstioii 
from a niixturc of b m z e n r  and hcsaiic EuriiiPhrtl prisms, 
m.p. 68-69". 

S-Py,.role-.\.-niethylaceta,)zide. -1 inixturr uf 2 g. of ethl-l 
2-pyrroleacetate and 13 ml. of 257, aqueous methylamine 
solution was allowed to stand for five day& The homogeneous 
solution was extracted yith benzene and the dried extract8 
were concentrated in mcuo.  The residue crystallized on 
rubbing with petroleum ether. Sublimat,ioii at  0.5 nim. 
(bath temperature 65") furnished 0.3 g. (16YG) of a white 
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solid, m.p. 65-66', which decomposed on standing. At- 
tempts to improve the yield by heating the reagents in a 
sealed tube for various periods of time failed. 

Anal. Calc'd for C7H10Nz0: N, 20.3. Found: N, 20.5. 
The infrared spectrum exhibited an amide carbonyl 

band at 1670 cm.-l. 
%Pyrrole-N,N-dimethylacetamide. A mixture of 5 g. of 

ethyl 2-pyrroleacetate and 45 ml. of 2570 aqueous dimethyl- 
amine solution furnished, after seven days, 0.8 g. (16%) of 
white crystals which after repeated sublimation (bath tem- 
perature 90') melted a t  93-94' and decomposed on stand- 
ing. 

Anal. Calc'd for C8H12Sz0: N, 18.4. Found: N, 18.3. 
The infrared spectrum exhibited an amide band at  1645 

em.-'. 
1-Pyrroleacetonitrile. In a three-neck flask fitted with drop- 

ping-funnel, stirrer, and reflux condenser was placed 100 
ml. of fleshly distilled pyrrole. A total of 16.1 g. of potas- 
sium, cut into small pieces, was added and the mixture was 
heated for 15 minutes by which time it appeared that 
reaction was complete. At this point 200 ml. of anhydrous 
toluene was added, the mixture was heated to reflux, stirring 
was started, and a solution of 31.5 g. of chloroacetonitrile 
in 150 nil. of anhydrous toluene was added. Refluxing was 
continued for 24 hours with stirring. The mixture was cooled, 
decomposed with water, and the water was extracted xvith 
toluene and the combined organic layers were dried and 
fractionated. The product, wt. 10.7 g. (257,), was collected 
at  137-144' (45 mm.). The analytical sample boiled at  90" 
(4.5 mm ), naJ 1.5122. The compound exhibited the typical 
C=N frequency near 2240 em.-' and evolved ammonia on 
heating with base. A previous reportz1 listed no yield and 
no properties other than the b.p. 

Anal. Calc'd for C ~ H ~ N Z :  N, 26.4. Found: N, 26.6. 
The reduction of this and related nitriles was carried out 

in the manner described earlier.lO 
3-( I-PyrroEe)propionitrzle. Alkylation of potassium pyrrole 

with 43.8 g. of p-chloropropionitrile in the same manner 
furnished 39 g. (63%) of a liquid, b.p. 90-96' (0.4 mm.). 
The preparation of this compound, reported b.p. 140" 
(20 mm.), by a more circuitous route has been reported 
earlier. 17 

4-( f -Piirrole)butyronitrile. Alkylation of potassium pyrrole 
by the method of Clemo and Ramage," using either y- 
bromo- or y-chlorobutyronitrile, gave a disappointing 6% 
yield, b.p. 98-100" (0.3 mm.). The b.p. of material prepared 
by a different method was reportedl7 as 152' (23 mm.). 

2-( f -Pyrrole)propionitrile. Alkylation of potassium pyr- 
role, prepared from 80 ml. of pyrrole and 25 g. of potassium, 
with 68 g. of a-bromopropionitri1ezZ furnished 20 g. (33y0) 
of a fraction, b.p. 72-74' (1.5 mm.), n2z 1.4940. 

Anal. Calc'd for C7H8N2: C, 69.97; H, 6.71; N ,  23.3. 
Found: C, 70.18; H, 6.63; N, 22.8. 
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Ethyl %(I-pyrro1e)propionate. Alkylation of potassium 
pyrrole, prepared from 34 g. of pyrrole and 20 g. of potas- 
sium, with 100 g. of ethyl or-bromopropionate furnished 56 
g. (67%) of a fraction boiling a t  74" (1 mm.). 

Anal. Calc'd for C8H13N02: C, 64.42; H, 7.82. Found: C, 
64.65; H, 7.84. 

The amide was prepared in 90% yield by mixing 10 g. of 
ester with 200 ml. of aqueous ammonia and allowing the 
mixture to stand in the refrigerator for several days. Re- 
peated crystallization from ethanol furnished needles melt- 
ing a t  96'. 

Anal. Calc'd for C,HIONzO: C, 60.85; H,  7.30; N, 20.3. 
Found: C, 61.22; H, 7.39; N, 20.2. 

The methylamide was prepared in 81% yield by mixing 8 
g. of ester with 180 ml. of .%yo aqueous methylamine solu- 
tion and allowing the mixture to stand in the refrigerator 
for several days. The solution was concentrated in vacuo 
and the residual crystals were recrystallized from alcohol to 
a constant m.p. of 71.5-72'. 

Anal. Calc'd for CsHiZNzO: C, 63.13; H, 7.95; N, 18.4. 
Found: C, 63.28; H, 7.79; N, 18.3. 

Lithium aluminum hydride reduction of the above two 
amides gave very low yields of two amines, prepared in better 
yield by reduction of 2-( 1-pyrro1e)propionitrile and 1-( 1- 
methyl-2-formamidoethy1)pyrrole respectively. 

1-(S-Aminopropy1)pyrrole. Lithium aluminum hydride 
reductionlo of 3-( 1-pyrro1e)propionitrile furnished a 58Y0 
yield of this amine, b.p. 82' (4 mm.), nz: 1.5121. The litera- 
tureZ3 reports b.p. 117-120' (30 mm.), but no refractive 
index or analysis. 

Found: C, 67.58: H, 9.82: N. 22.2. 
Anal. Calc'd for C7HlZhTz: C, 67.70; H, 9.74; F, 22.5. 

The picrate melted a t  138:5-139", lit. 135-137'.*3 
Anal. Calc'd for C13H15NS07: C, 44.19; H, 4.28; N, 19.8. 

Found: C, 43.97; H, 4.53; N, 19.8. 
1-(3--Dimethylaminopropyl)pyrrole. Alkylation of potas- 

sium pyrrole with N,N-dimethylaminopropyl chloride in 
the usual manner gave this amine in 4792 yield, b.p. 87-88' 
(11 mm.), nzg 1.4820. 

Anal. Calc'd for COHl6NZ: C, 71.03; H, 10.59; K, 18.4. 
Found: C, 71.36; H, 10.80; N, 17.7. 

The picrate melted at  88-89'. 
Anal. Calc'd for ClsHloNsO7: C, 47.28; H, 5.02. Found: 

C, 47.50; H, 5.02. 
1 -(4-Aminobutyl)pyrrole. Lithium aluminum hydride re- 

duction of 4( 1-pyrro1e)butyronitrile yielded 80% of this 
amine, b.p. 78" (0.3 mm.). A crystalline picrate could not 
be obtained. 

Anal. Calc'd for CBH14N2: C, 69.52; H, 10.21; N, 20.3. 
Found: C, 69.53; H, 10.36; N, 19.7. 
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