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Notes 

Monoquaternary Musc le Paralyzing Agents . 

III.1 Synthes i s of 
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li has been shown that certain monoquaternary X-
(to-phthalimidoalkyl)piperidines and -morpholines pos
sess muscle-paralyzing activity which varies with the 
length of the alkyl chain and the size of the alkyl group 
attached to the nitrogen.1,2 To study the effect of 
change of the alkyl substi tuents on the quaternary 
nitrogen, compounds have boon prepared in which the 
groups at tached to the nitrogen have been varied from 
Me:i 1o Et:i by successive replacement of Ale by Et. 
Several compounds have also been prepared which 
contain more bulky benzyl groups. 

Two synthetic routes were employed. Either (1) 
a secondary amine was condensed with the appropriate 
X-(cu-bromoalk,vl)phthalimide1,;i and the tert iary base 
thus formed was quaternized with an alkyl iodide or 
(2) a tertiary amine was treated directly with an X-
(oj-iodoalkvl)phthalimide to form the monoquaternarv 
salt. 

\-(a)-Bromoalkyl)phthalimides were converted to 
the corresponding X-(co-iodoalkyl)phthalimides (Table 
I) by halogen exchange with Xal in dry acetone.4 In 
this stop it was essential that the bromo intermediate 
be pure, as the iodo compounds were difficult to obtain 
in analytical condition. 

The condensation of the various secondary amines 
with X-(co-bromoalkyl)phthalimides proceeded in a 
satisfactory manner. The tertiary amines thus ob
tained were1 all low-melting solids or viscous oils soluble 
in ether and benzene and sparingly soluble in .30-()0° 
petroleum other. With the exception of the dibenzyl-
aminobuty! and -hexyl derivatives (Table II) , the free 
bases were not characterized further but were treated 
directly with an alkyl iodide. 

The qttaternizations of the dimethyl and diethyl 
free bases were carried out by treating their ether 
solutions with a throe- or fourfold excess of an alkyl 
iodide (method A). The dibenzylamine free bases 
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' All yields were calculated on the basis of hydrochlorides. 

could not be quaternized by this method. They were 
made to react, however, by refluxing directly with 
Mel on a steam bath for 2 .'-! hr (method B). These 
bases could not be quaternized with E t I by this method 
even when rerluxed on a steam bath for several days. 
The tr imethylammonium and tr iethylammonium salts 
were prepared by treating the X-(to-iodoalky])phthal-
imide with Me3X in a pressure bottle (method C) or 
with Et 3 X under reflux (method I)). 

The yields reported for the quaternary salts (Table 
III) reflect the relative ease of purification rather than 
the completeness of reaction. A pure product was 
obtained in good yields only when the intermediates 
were in a state of high purity. The use of impure inter
mediates, although resulting in good crude yields, gave 
products which could bo purified only with great dif
ficulty and consequent loss of material. 

Biological Results and Discussion. All quaternary 
ammonium salts were tested for paralyzing activity in 
frogs (Rana pipien-s) by lymph sac injection following a 
previously described procedure.-

In general, activity increased directly with the in
crease in the methylene chain up to a maximum of eight 
or nine carbon atoms and decreased thereafter. The 
greatest departure from the general activity trends was 
in the case of the increase of activity of the trimelhyl-
ammonium compounds whore the methylene chain con
tained four and five carbon atoms. 

In the frog, exeepl for the compounds containing (ho 
dimethylethylaminonium groups or those containing 
benzyl groups on X. there wore lew differences in 
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TABLE II I 

N-(«-PHTHALIMIDOALKYL)TRIALKYLAMMONIUM IODIDES 
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cl-Tuboeurarine chloride (l)TC) 2 

" All compounds showed a correct analysis for C, H, I except 
where noted. b MPI) = minimum paralyzing dose (lymph-sac 
injection). ' Sinters at 176°. Sample analyzed correctly only 
after melting and allowing to resolidify. Before melting the 
compound analyzed for the monohydrate (I: calcd, 30.2; found, 
30.2). <*C: calcd, 50.24; found, 50.65. ' C: calcd, 46.40; 
found, 46.88. / H : calcd, 7.04; found, 6.62. » Analyzed for 
I only. * Calculated for monoethanolate. ' XTo paralyzing 
action. ' Too insoluble to test. 

activities at comparable chain lengths. The dimethyl-
ethylammonium compounds possessed lower activity 
in the four- and six-carbon structures. The longer 
chain compounds were therefore not prepared. The 
same was true of the higher members of the diethyl-
ammonium compounds. Those compounds with two 
benzyl groups attached to the quaternary nitrogen 
showed no muscle-paralyzing activity in the frog. 
The six-carbon homolog was too water insoluble to be 
tested. 

The most active compound of this series was N-
(9-phthalimidononyl)trimethylammonium iodide which 
had approximately one-fifth the activity of rf-tubo-
eurarine in the frog. Several of these compounds 
demonstrated considerable ganglionic blocking action 
when tested on the nictitating membrane of the cat 
and varying degrees of depolarizing activity were ob
tained in anesthetized roosters. 

Experimental Section5 

N-(u-Bromoalkyl)phthalimides.~TheN-(w-bromoalkyl)phthal-
imides were prepared from potassium phthalimide and a,oi-
dibromoalkanes by a previously reported method.2 

N-(u-Iodoalkyl)phthalimides.—A solution of anhydrous Xal 
(10.6 g, 0.071 mole) and the appropriate X-(o)-bromoalkyl)-
phthalimide (0.01 mole) in 100 ml of dry Me2CO was heated 
under reflux for 8 hi'. Me2CO was removed under reduced 
pressure and the residue was triturated with H 2 0 (50 
ml). The solid remaining was filtered and i'ecrystallized from 
EtOH. 

N-(u-Phthalimidoalkyl)dialkylamines.—A solution of 0.01 
mole of the appropriate X-(u-bromoalkyl)phthalimide and 0.04 
mole of a secondary amine in 30 ml of C6H6 was heated on a steam 
bath for several hours. C6Hf) and excess amine were removed 
under reduced pressure and the residue was dissolved in Et 2 0. 
The solution was filtered to remove any amine hydrobromide, 
decolorized with charcoal, and dried. The dry Et 2 0 solution was 
used directly to prepare quaternary salts or treated with HC1 gas 
to obtain the hydrochloride. The precipitated hydrochloride 
was collected, washed (Et20), and i'ecrystallized (EtOH). 

N-(o-Phthalimidoalkyl )trialkylammonium Iodides.—The mono-
quaternary X-(a)-phthalimidoalkyl)trialkylammonium iodides 
were prepared by one of the following ways. 

Method A.—A dry Et2() solution of 1 he X"-(u-phthalimidoalkyl)-
dialkylamine was treated with a three- or fourfold excess of the 
appropriate alkyl iodide and allowed to stand overnight at room 
temperature. The precipitated quaternary salt was removed 
by nitration and the filtrate was allowed to stand until no more 
product was formed. The quarternary salts were i'ecrystallized 
from either absolute EtOH or {-PrOH. 

Method B.—The X-(w-phthalimidoalkyl)dialkylamine (0.01 
mole) and 10 ml of the RI were remixed on a steam bath for 2-3 
hr. The reaction flask was cooled and E t 2 0 was added to com
pletely precipitate the quaternary salt. The salt was filtered, 
washed (Et20), dried, and i'ecrystallized as in A. 

Method C.—A solution of X-(w-iodoalkyl)phthalimide (0.004 
mole) in 50 ml of anhydrous E t 2 0 was saturated with .Me3X 
at 0° in a pressure bottle and allowed to stand at 30° for 72 hr. 
The precipitate was filtered from the reaction mixture, washed 
(Et 20), and i'ecrystallized as in A. 

Method D.—The appropriate X"-(w-iodoalkyl)phthalimide 
(0.006 mole) and 10 ml of Et3X were heated on a steam bath 
for 3 hr. During the course of the reaction the quaternary salt 
precipitated from solution. The flask was cooled and dry Et 2 0 
was added to complete precipitation. The salt was filtered, 
washed (Et.O), dried, and i'ecrystallized as in A. 

(5) C and H analyses are by Du-Good Chemical Laboratory, St. Louis, 
Mo., and Clark Microanalytical Laboratory. Urbana, 111. Ionic halogen 
was determined potentiometrically in this laboratory. All melting points 
are corrected. Where analyses are indicated only by symbols of the ele
ments, analytical results obtained for these elements were within ±0 .4% of 
the theoretical values. 
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Boron, having two 2s and one 2p electrons, forms 
trivalent compounds that do not have a complete shell 
of valence electrons. These electron-deficient com
pounds, which are isoelectronic with carbonium ions, 
can coordinate with electron-donor molecules. Tri
valent boron compounds having (), X, or related ele-
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