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57) ABSTRACT 
New chemical compounds having the generic formula: 

(CH3). N-co 
C 93 O-(CH2),0-( )-CH, 

H,CN-CH, CH3 
CH3 

xe X G 

wherein n is an integer selected from 2-7 inclusive 
and wherein X is one equivalent of an anion selected 
from the group consisting of monovalent and 
polyvalent anions, and having utility as incapacitating 
agents and in munitions. 
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QUATERNARY CARBAMATES 

This invention relates to the synthesis of new toxic 
chemical compounds which are useful as chemical war 
fare agents. More particularly, our invention is con 
cerned with novel compounds produced by means of a 
quaternizing reaction. 
The chemical agents act mostly on the peripheral 

cholinergic nervous system which includes the motor 
nerves, the preganglionic fibers, the ganglia, the post 
ganglionic parasympathetic fibers, and neuromuscular 
functions. The transmission of impulses along a nerve 
or from nerve fibers to muscle fibers or secretory cells 
or from one nerve fiber to another across synapses in 
ganglia is thought to involve chemical changes either 
directly or as the source of potential differences. 
Quaternary ammonium compounds in general are 

known to be physiologically active materials. Mainly 
because of their positively charged "onium' centers 
they are attracted by anionic sites in animal tissues, 
particularly those situated at cell surfaces and inter 
faces. They can induce physiological responses that 
mimic or antagonize the action of acetylcholine as a re 
sult of their interaction with the various physiological 
receptor sites of acetylcholine, especially those at 
membranes of muscle cells. They also combine with en 
zymes such as acetylcholinesterase, other esterases, 
acetylcholineacetylase, etc., thus inhibiting their par 
ticipation in the biological processes. 
One of the significant anatomical differences be 

tween the neuromuscular junctions and other acetyl 
choline receptive sites is the absence of a membrane 
barrier or a sheath such as envelops the ganglia. The 
comparative ease of accessibility of the neuromuscular 
junctions to onium compounds contributes to their rel 
atively fast onset of action and partly explains why in 
many instances relatively small doses suffice to evoke 
physiological actions that modify or interrupt normal 
neuromuscular impulse transmission. 
Depending on their chemical structures different 

quaternary compounds interfere with the mechanism 
of impulse transmission in different manners and the 
final physiological effects can vary considerably. Some 
quaternary ammonium compounds are used as thera 
peutic agents, others are known to be lethal. The mag 
nitude, accessibility, and distribution of the positive 
charges in quaternary compounds are belived to be the 
key factors in the determination of specificity of action. 
Recognition of these facts explains the strikingly differ 
ent physiological behavior so often observed when 
structurally very closely related compounds are com 
pared. The nature of the groups attached to the quater 
nary nitrogen influences the distribution of the cationic 
charges. The length and branching of aliphatic chains 
and the volume and configuration of aromatic and ali 
cyclic rings have a bearing on the ease or difficulty of 
approach to the specific receptor sites. Electrophilic 
and nucleophilic centers in the molecule will insert 
their inductive effects on the positive charges and can 
also aid in the interaction with the "esteratic sites' of 
various enzymes. These sites are believed to be located 
in close vicinity to the anionic sites of the active cen 
ters. Substitution of different functional groups influ 
ence association and hydration and may considerably 
change the solubilities in physiological media. In bis 
quaternary and poly-quaternary compounds, the dis 
tance between the electric charges must be considered. 
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These factors contribute to governing the rate and re 
versibility of the chemical reactions involved, and 
which determine the final physiological responses. 
Our chemical agents interfere with the normal pro 

cess of neuromuscular impulse transmission and thus 
disrupt the propagation of impulses from nerves to 
muscles. We have also found these compounds to be 
extremely toxic at relatively low dose levels in various 
animals. 
The object of this invention is to synthesize new le 

thal agents useful in chemical warfare in high yields 
wherein said products are well suited for industrial 
scale manufacture. 
Other objects of and uses for the invention will be ob 

vious from the following detailed description. 
Our compounds may be employed in any munition 

suitable for handling a relatively non-volatile toxic 
agent such as bombs, shells, spray tanks, rockets, mis 
siles, aerosol generators, and others. 

In accordance with our invention a mixture of 3 
nitro-5-dimethylcarbamoxyphenyl, al ov-(4- 
nitrophenoxy)-co-bromoalkane, and potassium carbon 
ate in a solvent such as dimethylformamide was heated 
on a steam bath for 6 hours. The reaction mixture was 
poured into cold water. The oily material that sepa 
rated was collected and on standing at room tempera 
ture became solid. Recrystallization from ethanol 
yielded the pure intermediate, a-(4-nitrophenoxy)-a)- 
(3-nitro-5-dimethylcarbamoxyphenoxy)alkane. This 
dinitrocompound was catalytically hydrogenated under 
pressure. After the hydrogenation was completed, the 
catalyst was removed by filtration and the solvent re 
moved under reduced pressure. A crystalline residue, 
o-(4-aminophenoxy)-a)-(3-amino-5- 
dimethylcarbamoxyphenoxy)alkane was obtained. The 
diaminointermediate without further purification was 
dissolved in dimethylformamide and an excess of io 
dide was added. After allowing the solution to stand at 
room temperature for a few minutes, the organic base, 
2,6-lutidine, was mixed in. After an additional few min 
utes, the same portion of 2,6-lutidine was again added. 
After an interval of 2 hours a solvent such as acetone 
was added and the mixture was left standing at room 
temperature for 2 days. The crystalline product, an 
a-4-dimethylaminophenoxy)-co-(3-dimethylamino-5- 
dimethylcarbamoxyphenoxy) alkane, that separated 
was collected on a filter and washed successively with 
acetone, ethyl acetate, and ether, and finally dried. 
The new compounds of our invention, bis-quaternary 

carbamates, may be represented by the following ge 
neric formula: 

(CH),N-go 
O CH2 6) ()--(c.),0-(yu, 

Hicci, CH3 3 3 W 

CHs 

xe Xe 

Where n is an integer'selected from 2-7 inclusive and 
where X is one equivalent of an anion selected from 
monovalent, and polyvalent anions. 
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The procedure used for the preparation of the new 
toxic materials is schematically shown as follows: 

. (Ch.)Neo 9 0-C-BY (CH),N-30.e.OH +2)-Br 
. . . . . O + Base. 

(CH3).N-q=0 
V 
Q 

CH CH3 
- - ()-0-(4)-0-()-Nil, sii - 

. . . . NH2 

(CH3), N-0 O ), 7 (H3 
. O-(CH2)-0 -( )-CH 3 ton exchange 
9 C 

HGN-CH - H3 
CH3 

Ie Ie 

(H3Nso 
... : GH3 

N-CH, 
CH3 

CH . . . . . . . . xe xe 

where n is the same as above and Xe is the iodide an 
ion. . . . . . . . 

If compounds are desired in which Xe is other than 
iodide, the above quaternary compounds are treated 
with the desired acid by a simple ion exchange reaction 
as set forth below. 

EXAMPLE 

A mixture of 3-nitro-5-dimethylcarbamoxyphenol (4 
g), 1-(4-nitrophenoxy)-2-bromoethane (4.6 g.), and 
potassium carbonate (2.5 g.) in 15 ml of dimethylform 
amide was heated on a steam bath for 6 hours. The re 
action mixture was then poured into cold water. The 
oily material that separated was collected and on stand 
ing at room temperature for about 2 hours became 
crystalline. Two recrystallizations from ethanol yielded 
the pure intermediate, 1-(4-nitrophenoxy)-2-(3-nitro 
5-dimethylcarbamoxyphenoxy)ethane, (1.5 g.), m.p. 
109-111C. 
Anal. Calcd. for C7H1N3O8: C, 52.2; H, 4.4; N, 

10.7. Found: C, 52.2; H, 4.5; N, 10.8. 
The above dinitro-compound (0.7g.) in 25 ml. of tet 

rahydrofuran was hydrogenated catalytically at 3 atm. 
and with 5% of Pton charcoal. After the hydrogenation 
was completed, the catalyst was removed by filtration 
and the solvent evaporated under, reduced pressure 
(about 50 mm.). A solid residue (0.6 g.) was obtained. 
Recrystallization from benzene yielded a crude solid, 
This residue was dissolved in 4 ml. of dimethylform 
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4, 
amide and 6 ml. of methyl iodide was added. The mix 
ture was stirred at room temperature for 15 minutes. 

(). H.),0-()-No, 

Following this, 0.4 i ml. of 2,6-lutidine was added and 
stirring was continued for additional 15 minutes. A sec 
ond 0.41 ml. portion of 2,6-lutidine was added and stir 
ring was continued for 2 hours. Then, 25 ml. of acetone 
was added and the mixture allowed to stand at room 
temperature for 2 days. The crystalline material that 
separated was filtered and washed successively with ac 
etone, ethyl acetate, and ether. After drying the pale 
yellow material (0.84g.) in vacuo (about 1 mm.) over 
phosphorous pentoxide, the product, 1-(4- 
dimethylaminophenoxy)-2-(3-dimethylamino-5- 
dimethylcarbamoxyphenoxy)ethane dimethiodide, was 
obtained which melted at 130-132C. 

Anal. Calcd. for C23H3s2NO.4% H2O: C, 40.6; H, 
5.4; O, 10.6. Found: C, 40.5; H, 5.9; O, 10.9. 

Toxicity 
intravenous LDso 

Rabbits Mice 

0.007 mg/kg 0.016 mg/kg 

The compounds which are generically described 
above and that are representative of our invention are 
listed below by name: 1-(4-Dimethylaminophenoxy)-2-(3-dimethylamino 

5-dimethylcarbamoxyphenoxy)ethane dimethio 
dide. 
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1-(4-Dimethylaminophenoxy)-3-(3-dimethylamino 
5-dimethylcarbamoxyphenoxy)propane dimethio 
dide. 

1-(4-Dimethylaminophenoxy)-4-(3-dimethylamino 
5-dimethylcarbamoxyphenoxy)butane dimethio 
dide. 

l-(4-Dimethylaminophenoxy)-5-(3-dimethylamino 
5-dimethylcarbamoxyphenoxy)pentane dimethio 
dide. 

1-(4-Dimethylaminophenoxy)-6-(3-dimethylamino 
5-dimethylcarbamoxyphenoxy)hexane dimethio 
dide. 

1-(4-Dimethylaminophenoxy)-7-(3-dimethylamino 
5-dimethylcarbamoxyphenoxy)heptane dimethio 
dide. 

We have shown a preferred compound in which the 
anion is limited to the halogen moiety, in particular the 
iodide, since methyl iodide is readily available and is a 
good quaternizing agent. In general, however, it is only 
necessary that the anions merely have to meet the re 
quirement of being capable of forming a stable salt with 
the quaternary nitrogen. Thus, the halogen ions can be 
exchanged with other anions of a relatively strong acid 
selected from monovalent and polyvalent by conven 
tional methods. For example, if X is an iodide in the 
final product, a solution of the compound can be 
treated with a basic ion exchange resin or mixed with 
silver oxide and subsequently the desired acid is added 
to the quaternary hydroxide solution. Anions may also 
be supplied by metathesis with the halide form of the 
quaternary ammonium compound. Also, suitable as 
representations of X are the anions hydrogen oxalate, 
perchlorate, hydrogen sulfate, and tetraphenylboron 
ate. Representative examples of these additional mono 
valent and polyvalent end products are: 

1-(4-Dimethylaminophenoxy)-2-(3-dimethylamino 
5-dimethylcarbamoxyphenoxy)ethane dimethohy 
drogenoxalate. 
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1-(4-Dimethylaminophenoxy)-2-(3-dimethylamino 
5-dimethylcarbamoxyphenoxy)ethane dime 
thoperchlorate. 

1-(4-Dimethylaminophenoxy)-2-(3-dimethylamino 
5-dimethylcarbamoxyphenoxy)ethane dimethohy 
drogensulfate. w 

1-(4-Dimethylaminophenoxy)-2-(3-dimethylamino 
5-dimethylcarbamoxyphenoxy)ethane 
dimethotetraphenylboronate. 

We claim: 
1. New chemical compounds having the generic for 

mula: 

(CH3)2 N-CO 
O Hs (y-o-(c), N-CH, 

H cc; CH3 3 3. 
Cha 

XG XG 

wherein n is an integer selected from 2-7 inclusive 
and wherein X is one equivalent of an anion se 
lected from the group consisting of monovalent 
and polyvalent anions, said anions being selected 
from the group consisting of halide, hydrogen oxa 
late, perchlorate, hydrogen sulfate, and tetra 
phenylboronate. 

2. New chemical compound having the name 1-(4- 
dimethylaminophenoxy)-2-(3-dimethylamino-5- 
dimethylcarbamoxyphenoxy)ethane dimethiodide. 

3. New chemical compound having the name 1-(4- 
dimethylaminophenoxyl)-3-(3-dimethylamino-5- 
dimethylcarbamoxyphenoxy) propane dimethiodide. 
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