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A series of bis-/3-piperidinoethyl and /3-pyrrolidinoethyl amides of aliphatic dicarboxylic acids and their quaternary am
monium salts have been made for pharmacological examination. Many of these compounds are powerful potentiators of 
the curare-like activity of diacetylcholine (succinylcholine) and also are strong antagonists of the curariform activity cf d-
tubocurarine chloride. In contrast to the earlier described bis-amides and their salts, in the current series the bis-tertiary-
amino amides afford the most active compounds while their quaternary salts are relatively inactive. 

This paper reports the preparation and properties 
of series of bis-/3-piperidinoethyl and bis-#-pyrroli-
dinoethyl amides of aliphatic dicarboxylic acids. 
The bis-amides were obtained by refluxing the 
appropriate dicarboxylic acid methyl or ethyl 
esters with a t least two molar equivalents of 
piperidinoethylamine or pyrrolidinoethylamine. 
Amides were made from the simple dicarboxylic 
acids, oxalic through sebacic, and bis-methiodides 
were also prepared in most cases. Usually both 
the ter t iary aminoalkyl amides and their methio-
dides crystallized readily, were easily soluble in 
water, and were best recrystallized from mixtures 
of organic solvents. The bis-methiodides of some 
of the longer chain members of the series were glassy 
solids or viscous oils very reluctant to crystallize. 
The chemical and physical properties and analyses 
of these compounds are collected in Table I. 
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(B) AMIDES AND QUATERNARY AMMONIUM SALTS FROM 

PYRROLIDINOETHYLAMINE AND ALIPHATIC DICARBOXYLIC 
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Piperidinoethylamine1 was prepared both by the 
catalytic hydrogenation- of piperidinoacetonitrile3 

and also by the reaction of excess ethylenediamine 
with pentamethylene dibromide.1 Pyrrolidino
ethylamine5 was obtained by the lat ter method 
using excess ethylenediamine and te t ramethylene 
dibromide. 

Neither the bis-tertiaryamino amides nor their 
bis-methiodides showed any significant curare-like 
activity. However, the tert iary amino amides were 
powerful potentiators of the curare-like activity 
of diacetylcholine67 (succinylcholine). In this 
respect the bis-/3-piperidinoethyl succinamide was 
about five times as active as the bis-j3-dimethyl-
aminoethyl succinamide bis-methiodide reported 
earlier.8 Surprisingly, the bis-methiodides of the 
piperidiiioethyl amides were virtually inactive as 
potentiators of diacetylcholine. Activity in the 
bis-piperidino amide series was present in all mem
bers above the oxalic derivative, thus in malonic 
through sebacic, but was maximal in the succinic, 
glutaric, adipic group. In the pyrrolidinoethyl 

H) S Gabr ie l . Ber.. 2 1 , 1110 (1891). 
(2) C F, Winans and H. Adkins , T H I S J O I ; K N A I . , 55, 4167 (1933) 
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(Si A 1', Phil l ips, T H I S J U I - R N A I . , 73 , 5S-'2 (1951). 
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amides, activities were about one-half those of the 
analogous piperidino amides, while maximum 
activity was approached at a longer chain length 
than in the latter series. 

These bis-amides also are powerful antagonists 
to the block of neuromuscular transmission pro
duced by d-tubocurarine chloride, and rapidly 
reverse the paralysis induced by the latter. Roughly 
similar relationships between structure and activity, 
in the bis-amides, hold for the two principal kinds 
of activity, potentiation of diacetylcholine and 
antagonism of (2-tubocurarine. 

A detailed pharmacological report will be pub
lished elsewhere. 
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The recent interest1,2 in the early postulate of 
Robinson3 that the triterpene squalene could act as 
a precursor of cholesterol has prompted us to initi
ate the preparation of the compound labeled with 
C14. Before this could be done, it has been neces
sary to reinvestigate certain phases of the chem
istry of this hydrocarbon. Heilbron and his 
collaborators4 have studied, in detail, the isolation 
and purification of squalene. They found that 
the solid hexahydrochloride which is easily pre
pared and purified is a convenient intermediate to 
employ in the purification of the compound. 
They reported that at least two isomeric hexahydro-
chlorides could be obtained but upon removal of the 
acid both solids yielded what was apparently the 
same compound. Since it has been demonstrated 
by various investigators8,6 that many natural 
terpenes occur as a mixture of carbon-carbon 
double bond isomers of the isopropylidene and 
isopropenyl type, it was deemed important to in
vestigate this problem with regard to natural and 
regenerated squalene. 

Natural squalene, obtained from a commercial 
source,7 was redistilled and converted into its hexa-

(1) K. Bloch, "Recent Progress in Hormone Research," Vo]. VI1 

Academic Press, Inc., New York 10, N. Y., 1951, p. I l l ff. 
(2) "Ciba Foundation Conference on Isotopes in Biochemistry," 

J. and A. Churchill, Ltd., London, W.l, England, p. 24 ff, 
(3) R. Robinson, J. Soc. Chem. lnd. (London), 53, 1062 (1934). 
(4) I. M. Heilbron, E. D. Kamm and W. M. Owens, J. Chem. Soc, 

11331 (1926). 
(5) H. W. Thompson and D. H. Whiffen, ibid., 1412 (1948). 
(6) D. Barnard, L. Bateman, A. J. Harding, H. P. Koch, N. Shep-

pard and G. B. B. M. Sutherland, ibid., 915 (1950). 
(7) Technical Squalene, Control No, Q-511, purchased from Dis

tillation Products, Inc., Rochester, New York. 

tillo, R. V. Fanelli and A. L. Wnuck who kindly 
furnished the pharmacological results. 

Experimental 
Bis-aminoalkyl Amides.—A mixture of 1 mole of dicar-

boxylic ester and 2.5 moles of pipe'ridinoethylamine was re-
fluxed in a metal-bath at 190° for a period of from four to 
24 hours. Excess amine and alcohol, formed in the re
action, were removed in vacuo. Upon cooling the product 
usually crystallized. Purification was accomplished by re-
crystallization from ethyl acetate or methanol-eth}-l ace
tate mixtures. Yields were between 60 and 90%. 

Bis-methiodides.—Brief refluxing of a methanol solution of 
the bis- &-tertiary amino amides with excess of methyl iodide 
usually gave nearly quantitative yields of the bis-methio
dides. These were purified by recrystallization from meth
anol or methanol-ethyl acetate mixtures. 

The above outline illustrates the preparative methods 
used. Details for all compounds appear in Table I. All 
melting points are uncorrected. 
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hydrochloride and then regenerated by heating 
with pyridine as described by Heilbron.4 The 
infrared spectra of the materials are shown in 
Fig. 1. 

The infrared spectrum of squalene has been 
published previously8 but no mention of the 
source of the material was given. The results in 
Fig. 1 are consistent with the accepted structure 
of squalene, in which all of the double bonds can 
be regarded as trialkylethylenes, viz., R R ' C = 
CHR". A characteristic absorption band for this 
class of alkenes is found in the range from 12.0 
to 12.5 /i.6,9,10 In light of the recent spectroscopic 
investigation of acyclic terpenes by Barnard and 
his collaborators6 it is clear that the fraction of 
double bonds having the alternate configuration 
RR7C=CH2 , is quite small and may well be zero. 
The characteristic band for this latter structure is 
more sharply denned at about 11.25M6'9,10 and 
according to Barnard, el al.,1 the molar extinction 
coefficient of this band is four to five times as great 
as that of the 12/x band of the trialkylethylenes. 
Using this estimated ratio of intrinsic intensities, 
an upper limit of about 3% was set by them on the 
amount of RR 'C=CH 2 in purified natural ter
penes. Squalene conforms with this result. 

The spectrum of squalene regenerated from the 
hexahydrochloride differs from that of natural 
material. A strong new absorption band appears 

(8) H. W. Thompson and P. Torkington, Trans. Faraday Soc, 41, 
246 (1945). 

(9) R. S. Rasmussen and R. R. Brattain, J. Chem. Phys., 15, 120 
(1947). 

(10) N. Sheppard and G. B. B. M. Sutherland, Proc. Royal Soc. 
{London), A196, 195 (1949). 
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I t has been found that natural squalene is of a homogeneous trialkylethylene bond structure but that squalene which has 
been regenerated from its solid hexahydrochloride possesses both the trialkylethylene and the unsymmetrical dialkylethylene 
types of bond structures. It is estimated that between 20-40% of this latter type of structure can be present. Methyl 
group determination by oxidation has been shown to be unreliable. It has been found that squalene can be chromatographed 
on "Quilon" treated paper and can be separated from cholesterol by this method. 


