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It s heen shown that certain monoquaternary N-
(w-phthalimidontkyDpipertdines and -morphohtes pos-
sess mmuscle-paralyzing aetivity which vartes with the
tength of the alkyl ehain and the size ot the alkyl group
attached o che nitrogen.’*  To study the effect of
change of he alkyl substituents on the guaternary
nitrogen, compounds have been prepared o whieh the
eroups attached to the nitrogen have been varied from
Mey 0 Ety by suecessive replacement of Me by Et.
Several compounds have also been prepared whieh
contatn more bulky benzyl groups.

Two =ynthetic routes were employed.  ICither (1)
A seeondary anine was condensed with the appropriate
N-(w-bromoalkyl)phthadlimide nnd the tertiary base
thus formed was quaternized with an alkyl iodide or
(2) n tertinry amine was treated direetly with an N-
(w-todoalkvD)phthalimide to form the monogunternary
sult.

N-(w-Bromonlkyl)phthalimides  were converted to
the correzponding N-(w-todoalkyl)phthalimides (Table
[) by halogen exchange with Nal in dry acetone.® In
this step it wasx essential that the bromo intermediate
he pure, ax the todo compounds were difficult to obtain
i analytiend condition.

The condensation of the various secondary amines
with  N-({w-bromonlky phthalimides proceeded m a
satistactory mmnner.  The tertinry mmines thus ob-
tained were all low-meclting soltds or viscous oils soluble
i ether nud benzene and sparingly <oluble in 30-60°
petroteum echer.  With the exception of the dibenzyl-
aminobutyl and -hexyl derivatives (Table 1), the free
bases were not charaeterized further but were treated
directly with an atkyliodide.

The qumternizations of the dimethyl and diethyl
free bases were carrted out by treating thetr ether
sohuttons with o three- or fourfold excess of an alkyl
iodide (method Ay, The dibenzyvlamine free bases

¢1; This work was =apporcel in o pan by o Prederick Gaedner Corarell
Gram Trom Researel, CorporatGon,  Por Paper T see 11 B Donahoe, RLL
Seiwabl, AL AL CU Nenmanbn, anl KoL Wimnea, S Ued, Chew,, 8, G611
L
I :: 11 1% Donaboe, B0 Seiwall ML O Co Nempnann, awl KoK Kinooa,
JoOry. Clhone, 22, B8 11057

ph AL DL Moore awl RO Rapala, S, Ll Chem. Noe., 68, 1057 110400,
ST AL Tiebls, D Walz, and S0 Rinhehikd hal 73, 1000 11451,

s X0 Gabriel, Ber., 33B, 1953 119205, reports 99 100°, " Pre-
viously reported by M. Fields, D. . Walz, and % Rathehild,
S A Chem. Soc., 73, 1000 (19511, <3, Gabriel, Ber., 42, 4050
(1909), report= 75-76°  C: caded, 47.06: found, 47.54.
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© Al vields were caleulnted on the biusis of hydrochlorides.

could not be quaternized by this method.  Thev were
made to react, however, by refluxmyg directly with
Mel on n steam bath for 2 3 I (method B).  These
bases could not be quaternized with Titl by this method
even when refluxed on o steam bath for several days.
The trimethylammonium and triethyvlammonium salts
were prepared by treating the N-(w-iodoalkyhphthal-
imide with MesN i o pressure bottle (method ') or
with Et; N under reflux (mechod D).

The vields reported for the quaternary salts (Table
[11) veflect the relative ease of purtication rather than
the completeness of reactton. .\ pure produet wis
obtained in good vields only when ¢he intermedtates
were i a state of high purity. The use of impure miter-
medinces, althougl resulting i good crude vields, gave
product= which could be purified onty with great dif-
ficulty and conzequent toss of material,

Biological Results and Discussion. -All qucernary
ammonium salts were tested for paralyzing activity
frogs (Rana piplens) by lymph sae injection following o
previousty described procedure.?

In general. aetivity increased directly with che in-
crease in the methylene ehain up (o maximum of eight
or nine cearbon atoms and decreased thereafter.  The
greatest depareure from the weneral nedvity trends was
t the ease of the inerense of aetivity of the trimethyl-
ammonitnt cotpotnds where the methylene chain con-
tatned four snd tivie earboin atoms.

[ the frog, except Tor the compounds containiny the
dimethylethyvhbunmoninn groups or those containing
henzyl groups on N. there were few differences in
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Tagre 111
N-(w-PUTHALIMIDOALKYL)TRIALKYLAMMONIUM loDib1s
0-CyH4(CO)N(CH.)N R Ry Rs1

Frog
MPD/}
n Mp, °C Yield. 9% Formula” mg kg
NRIR.Ry = N(CH3y)s
2 2013205 o4 C Cx:{}{];INg()g >400
3 240 6 C CiyH 1w INLO, 200
4 287288 9K C CHy INL0O, 15
D I81-182 .5 90 C Cerg:zI:\vl()-_y 15
6 214215 090 C CrllsIN.O. 20
7 160-161 9.5 C CisHyINLO, 20
8173 60 C CpHLINWG, 20
9 119-121 K7 C CooH 3 IN,O, 10
10 12-173 92 C CoHaINL O, 2()
11 153-153.5 91 C CayHypINLQ, 40
NRleRg = NCzH&(CH3>9
4 268 S8 A CuHuINO 50
[} 118-120 79 A CisHwIN,O4d 40
NR\RJRJ = NCH&(CJH1>.
2 2:38-239 46 A Ci;HyINLOne 300
3 237238 46 A CisHy:IN O, 100
4 280-281 80) A CiyHuINZO, 30-40
6 ]2?*128 6() A C]nH-_r:xIN«_-O-_- _).0*3()
8 93-04 53 A CyHpIN, Oy 20
10 103-105 08 A CyHyINLO, 40
NRiR:Ry = N(C:H;)s
4 2542355 8 B CisHauINO, 30
6 164-166 K2 B C.oH5IN,O. 30
8 136-138 78D CuHuINLO. 20
10 122-124 82 D CyH3IN,O, >00
NRiR:.Ry = N(C,H;5):CH,CeH;
4 192 dec 64 A C‘Y_,’{HZHIN‘_YOQQ B3040
) 165-165.5 94 A CoHy IN, Oy 30-40
6 153 93 A CusHysIN,Op 80
N[{]l{jl{:{ = NCH{(CHJCSHh)_‘
4 05-98 X8 B ConHy IN: Oy i
B 160-170 02 B CysHy IN,O, I
6 159-160 49 B CianHiuINLO, j
d-Tuboenrarine chloride (DTC) 2

* All compounds showed a correct analysis for C, H, T except
where noted. »MPD = minimum paralyzing dose (lymph-sac
injection). < Sinters at 176°. Sample analyzed correctly only
after meliing and allowing to resolidify. Before melting the
compotnd analyzed for the monohydrate (It caled, 30.2; found,
30.2). 4C: caled, 50.24; found, 50.65. ¢ C: caled, 46.40:
found, 46.88. 7/ H: caled, 7.04; found, 6.62. ¢ Analyzed for
I only. * Caleulated for monoethanolate. ? No paralyzing
action. 7 Too insoluble to tesr.

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 mitrogen
showed 1o 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) trimethylammontum iodide which
had approximately one-fifth the aectivity of d-tubo-
curnrine in the frog. Several of these compounds
demonstrated considerable gnnglionie blocking action
when tested on the nietitating membrane of the eat
and varying degrees of depolarizing activity were ob-
tained in anesthetized roosters,
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Experimental Section®

N-(w-Bromoalky!)phthalimides.—The N-(w-bromoalkyl)phthal-
imides were prepared from potassinm phthalimide and o,w-
dibromoalkanes by a previously reported method.?

N-(w-Iodoalky!)phthalimides.—A solution of anhydrons Nal
(10.6 g, 0.071 mole) and the appropriate N-(w-bromoalkyl)-
phthalimide (0.01 niole) in 100 ml of dry Me,CO was heated
under reflux for 8§ hr. Me,CO) wax removed nnder rediced
pressure aund the residue was tritnrated with H.O (50
ml). The solid renaining was filtered and recrystallized from
EtOH.

N-(w-Phthalimidoalkyl)dialkylamines.—A =solution of 0.01
mole of the appropriate N-(w-bromoalkyDphthalimide and 0.04
mole of a secondary amine in 30 ml of CsHg wis heated on a steam
bath for several hours, Clfs and excess amine were removed
under rediced pressure and the residile was dissolved in Et,0.
The solition was fihered to remove any amine hydrobromide,
decolorized with chareonl, and dried.  The dry 21,0 <olution was
n=ed directly to prepare quaternary salt= or treated with HCI gas
to obtain the hydrochlovide. The precipitated hydrochloride
was collected, washed (Et,0), and recrvstallized (EtOH).

N-(w-PhthalimidoalkyDtrialkylammonium Iodides.—The mono-
quaternary N-({w-phthalimidoalkyDtrialkylammonium iodides
were prepared by one of the following ways.

Method A.—A dry Iit,O =olution of the N-(w-phthalimidoalkyl)-
dialkylamine was treated with a three- or fourfold excess of the
appropriate alkyl iodide aud allowed 1o stand overnight at room
temperature. The precipitated quaternary salt was removed
by filtration and the filtvate was allowed to stand until no more
prodiet was formed. The gnarternary salts were recrvstallized
from either absolnte 1210 or -PrOH.

Method B.—The N-(w-phthalimidoalkyhdialkylamine (0.01
mole) and 10 ml of the RI were refluxed on a steam bath for 2-3
hr. The reaction flask was cooled and Et,0 was added to com-
pletely precipitate the quaternary salt. The =alt was filtered,
washed (Et,0), dried, and recvystallized asin A.

Method C.—A solution of N-(w-iodoalkyDphthalimide (0.004
mole) in 50 ml of anhydrons Et,O was saturated with Me;N
at 0° in a pressure hottle and allowed to staud at 30° for 72 hr.
The precipitate was filtered from the reaction mixture, washed
(I£t,0), and recrystallized as inn A.

Method D.—The appropriate N-(w-iodoalkylDphthalimide
(0.006 mole) and 10 ml of Et;N were heated on a steam bath
for 3 hr.  During the conrse of the reaction the gquaternary salt
precipitated from solution. The flask wax cooled and dry Et:O
was added to complete precipitation. The =alt was filtered,
washed (Et,0), dried, and recrystallized as in A.

(5) C and H analyses are by Du-Good Chemical Laboratory, St. Lonis,
Mo., and Clark Microanalytical Laboratory. Urbana, Ill. Ionic lhalogen
was determined potentiometrically in this laboratory. All melting points
are corrected. Where analyses are indicated only by symbols of tlie ele-
ments, analytical results obtained for tljese elements were within 3=0.49 of
the tlieoretical vahies.
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Boron, having two 2s and one 2p electrons, forms
trivalent compounds that do not have a complete shell
of wvalence electrons. These electron-deficient com-
pounds, which nre isoelectronic with carbonium ions,
can coordinate with electron-donor molecules. Tri-
valent boron componnds having O, N, or related ele-

(1) This investigation was snpported by Contracts P143-(4-51 and

SA-483-ph-1740 with Chemotherapy, National Cancer Institute, National
Institutes of Health, and by the . F. Kettering Frumiation.



