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This report deals with the biological activity of four different series 

of compounds which were developed to clarify the structure- 

activity relationships required for optimal biological activity. 

Three of the scries were carbonates with potent antiesterase activity. 
These three series were (1) Bis symmetrical quaternary ammonium 

Isoquinoline carbamates, (2) Bis unsymmetrical quaternary ammonium 

Isoquinoline carbamates, and (3) Tetra and Octa quaternary ammonium 

isoquinoline carbamates. In the course of the study, a series of 

hemicholinium-like compounds was further developed and tested for 

both hemicholiniun-lilce action as well as for antiesterase action. 

The latter are methyl pyridinio and 2 hydroxy ethyl dimethyl ammonia 
analogues. 
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I. Foreward: The compounds described in this study were synthesized 

by Mr. Harold Sommer at Edgewood Arsenal, Maryland. The current 

report deals with the biological activity of four different series 

of compounds which were developed to clarify the strucrure- 

activity relationships required for optimal biological activity. 

Three of the series were carbamates with potent antiesterase activity. 

These three series were (1) Bis symmetrical quaternary ammonium 

isoquinoline carbamates, (2) Bis unsymmetrical quaternary ammonium 

isoquinoline carbamates, and (3) Tetra and Octa quaternary ammonium 

isoquinoline carbamates. In the course of the study, a series o', 

hemicholinium-like compounds was further developed and tested for 

both hemicholinium-like action as well as for antiesterase action. 

The latter are methyl pyridinio and 2 hydroxy ethyl dimethyl aramonio 

analogues. 
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GEKFRAL METHODS APPLIED THROUGHOUT THE STUDIES 

(1' Anticholinesterase action was determined by the Michel ApH 

method (Michel, 1949) using the red blood cell buffer on semi- 

purified bovine red blood cell cholinesterase (Winthrop Chemical 

Company) using acetylcholine chloride as the substrate. Activity 

was determined by continuous recordings of the change in pH. 

(2) The 24-hour LDcq's were determined in 25-30 gram mice (male Swiss- 

Webster Strain) and were estimated according to the method of 

Litchfield and Wilcoxon (1949). Four to six animals were used for 

each dose. All compounds were administered to the mice by I.V. 
injection into a tail vein. 

(3) The in vivo tests were conducted on a modified anterior tibial 

nerve-muscle preparation previously described by Loomis and Salafsky (1964). 
Sprague-Dawley rats of either sex, weighing 300-500 grams were an- 

esthetised with pentobarbital (30mg/kg, ip). The trachea and an ex¬ 

ternal jugular vein were cannulated. The anterior tibial branch of the 

left sciatic nerve was isolated close to its insertion in the anterior 

tibial muscle. Shielded electrodes were placed on the anterior 

tibial nerve and the nerve was transected proximal to the electrodes. 

The left femur was immobilized with metal clamps. The distal tendon 

on the anterior tibial muscle was transected at its insertion and 

attached to the core of a Sanbourn linear transformer (7DCDT-100) the 

output of which was recorded on a Brush (Mark 280) linear recorder. 

Stimuli were applied to the electrodes from a Tektronix stimulator 

(type 160-161-162) which was triggered by a precision electronic 

timer (Heath model EU-801-A). The output of the stimulator was con¬ 

tinuously monitored with a digital pulse counter (Heath model EU-805). 

With this equipment precise interrupted tetanic stimuli were applied 

to the anterior tibial nerve at a frequency of 50 pulses/second for a 

duration of 0.5 seconds and repeated every 15 seconds. Each pulse was 

of 5 milliseconds duration at a supramaximal voltage of 2.5 volts. Control 

experiments indicated that the rat nerve-muscle preparation maintained 

maximal tetanic response to the tetanic stimuli for the duration of the 

experiment ¿. All subsequent injections were made intravenously in the 
external jugular vein. 

Ref: Michel, H.O. (1949), Jr. Lab. and Clinical Med. 34, 1564-1568. 

Litchfield, J.T. and Wilcoxon, F (1949), Jr. Pharm, and Exp. Therap. 
96, 99-113. 

Loomis, T.A. and Salafsky, B. (1964), Jr. Pharm, and Exp. Therap. 144, 
301-308. - 



RESULTS AiXC CONCLUSIONS OF STUDIES ON THE BIS SYMMETRICAL ISOQUINOLINE 

CARBAMATES 

The series of compounds in this group are shown in Figure 1. The only 

structural difference between the members of the series is in the length 

of the aliphatic chain (n) separating the quaternary nitrogen atoms. 

The PIjo's (negative log molar concentration required to produce 50% 

inhibition of cholinesterase) were found to be between 3.88 and 7.92 

for the various members of tie series and the potency was directly re¬ 

lated to n with the exception of n4. This is shown in Tables 1 and 2. 

The LD5Q í were indirectly related to the n numbers for those Members 
of the series from n4 to n9 and directly related to the n numbers from 

n9 to nl6. Therefore the compound with the greatest lethal potency was 

n9 (LD5o*.027 mg/kg). These data are shown in Tables 1 and 3. Table 4 

shows the relationship between the P^q's and the LDcjq's for the series 
of compounds. 

The most potent anitesterase compound is not the most potent lethal 

compound in the series. Optimal antiesterase activity and lethal 

potency were evident in compound n9. 

The duration of action of the compounds measured as the half-life (of a 

standard dose of 100 Ug/kg I.V.) of the effect of the compounds on the 

intact rat neuro-muscular preparation was determined for compounds n6, 
8, 10 and 12. An example of the effect of a single I.V. injection of 

compound n8 is shown in Figure 2. Table 5 shows the relationship between 

the LD50 and the half-life of the neuro-muscular effect in the intact 
animal. The table shows a direct relationship between the LD^q and the 

half-life and that the relatively high lethal potency of the n8 and 10 
compounds as compared to the nb and 12 compounds is directly related to 
longer half-life of the n8 and 10 compounds. The half-life of action on 

the neuro-muscular system is related to the ability of the kidney to 

terminate the action of the compounds. This was demonstrated by measuring 

the half-life of nlO and 12 in normal and nephrectomyzed rats. These 

data are shown in Table 6. 
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Bis - «svymvne+rical Isocjuinolme CoLrbama^es 

CHs 

No. y\ M W. and HiO amf. "True M. W. 

5 

54^5 

^419 

5480 

548> 

4-874 

S482. 

4870 

5483 

5484 

548Ç: 

3 

4 

5 

10 

n 
8 

9 

10 

11 

12. 

lb 

879.53 '/z mole 

893.58 Vz mole 

718.54 1 ^ole 

130. loi. 1 mole 

740-15 3/4 mole 

749. 88 ^2 mole 

772.70 1 mole 

70fe>.7Z 1 mole 

79fc. zfc> ^/4 mole 

819.20 1'/4 mole 

881.88 mole 

870. 52 

884- 55 

89 0. 57 

712. 80 

72883 

940.85 

754. 88 

780. 71 

782 74 

798. 78 

85207 

Figure 1 
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BIS-SYMMETRICAL ISOOUINOLINE SERIES 

Number n 

5A76 3 

5475 4 

5479 5 

5480 6 

5481 7 

4874 8 

5482 9 

4870 10 

5483 11 

5484 12 

5485 16 

PI 50 

4.17 

3.88 

4.71 

5.80 

6.40 

7.04 

7.18 

7.66 

7.55 

7.77 

7.92 

LD50(mg/kg) 

5.3 

10.5 

1.3 

0.22 

0.055 

0.034 

0.027 

0.042 

0.10 

0.15 

0.44 

Table 1 
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r 

0.01 
2 

a 

6 8 10 12 14 16 

8 

* ft 



\ 

X n=4 

Table 4 

PISn/LDSO FOR 
RTS-SYMMETRICAL TSOOUTNOLTNE 

CARBAMATE SERIFS 

l 

PISH (RBC-ChE) 
4 5 6 7 8 
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Duration of Action of 4870 (nlO) and 5484 (nl2)^in 

Nephrectomized vs. Control Rats. Dose ■ 100 Ug/kg 

4870 

nlO 

1/2 Life (min) 1/2 Life (min) 
Control a limais Nephrectomized animals 

18.8 

26.5 

30.5 

22.2 

80.0 

140.0 

75.0 

110.0 

24.5 (Ave.) 101.2 (Ave.) 

5484 

nl2 

12.5 

20.2 

16.8 

45.0 

67.5 

50.0 

16.5 (Ave.) 54.0 (Ave.) 

Table 6 
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Ratio: 
Control/Nephrectomlzed 

1/4.1 

1/3.2 



RESULTS AND CONCLUSIONS OF STUDIES ON THE BIS UNSYMMETRICAL ISOQUINOLINE 

CARBAMATES 

The series of compounds in this group are shown in Figure 3. The inter 

nitrogen distance is the same for all members of this series, i.e. n~10. 
The members of the series differ in the bulk of the substituted quaternary 

nitrogen which is not in the isoquinoline ring. Table 7 shows the PIcq's 

and the lino's for the members of the series. The PIsq'8 varied over the 
small range of 6.40 to 7.34 and the LDjq's varied from .061 mg/kg to .145 

mg/kg. Notable is the fact that the trimet'iyl and the triethyl members of 

the series showed identical LDsq’s (.061mg/kg) but the PIcq’s were 6.4 and 

7.06 respectively. Also the dimethyl ethanol and the dimethyl propanol 

compounds had different LD^g's (.12 and .60 mg/kg respectively) but had 
similar Piso'8 (6.63 and 6.69 respectively). Therefore, there was no 

consistant relationship between the bulk as measured by the total mol acular 

weight of the Ri + R2 + R3 radicals on the nitrogen, and the lethality 
or the antiesterase activity. (Figures 4 and 5). 

12 



Bis-unsymmc+rical Iso^uinoline Carbamai^s 
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o-c-n(ch^z 

ÒQ ,© ?• © © 
Z6r I 

CH3 

Figure 3 



BIS-ÜNSYMMETRICAL ISOQUINOLINE SERIES 

Number 

5471 

5443 

5492 

5493 

5474 

5494 

5506 

PI50 

7.06 

7.34 

6.40 

6.52 

6.63 

6.69 

6.65 

LD50(m&/kg) 

0.061 

0.66 

0.061 

0.145 

0.12 

0.60 

0.072 

Table 7 
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RESULTS AND CONCLUSIONS OF STUDIES ON THF. "TETRA" AND "OCIA" QUATERNARY 

AMMONIUM ISOQUINOLINE CARBAMATES 

The series of compounds in this group are shown in Figure 6. The figure 

also shows the molecular weights of the members of the series. The 

compounds have relatively high molecular weights compared to the previous 

series of symmetrical and unsymmetrical isoquinoline carbajiates. Those 

members of the series having four quaternary nitrogen atoms have molecular 

weights of 1185 to 1333. It will be noted that the "octa" compound has a 
molecular weight of 3165. 

Table 8 lists the LD^q's and the Plug's for each member of the series. 
Figure 7 shows a direct relationship between the chain length (R1+R2) for 
the members of the series and the P^q's. Since the LD5q's for the 

various mer , .rs of the series of "tetra" compounds were similar (.050 to 

.063 mg/kg), chain length did not significantly affect the lethality of 

the members of this series (Figure 8). Figure 9 shows the relationship 

between the Ling's and the Pljg's for the "tetra" compounds. 

The molecularly large "octa" compound had a PI5Q that was an order of 
magnitude greater than the PI50 of some of the 'tetra" compounds. The 

"octa" compound has antiesterase potency equal to that of the most potent 

symmetrical isoquinoline series of compounds. In contrast to this the 

lethal potency of the "octa" compound is low (.32 mg/kg) compared to that 

of the "tetra" compounds (.050 to .063 mg/kg). This may be the result of 

impaired translocation to effector sites in the intact animal because of 
the molecular bulk of the "octa" compound. 

17 



''TETtèfV' RUD "OCTP^" QUPvTÊCiOA^ AMMONitUf^ 

l^OQUlNOLlKlt, CP.iS ß ■■AGATES 

Figure 6 
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T ETRP\M AWb OCTA" COMPOUUbS 
ti 

MW. 
LD SO 

(rr>Ql\q)* RTSO 

€^han€ 

prop« ne 

butane 

butane 

höttme 

octane 

decane 

Hes.cz 

\Z%2.oQ 

•2.4?.0<î 

I244.lt 

U6fc.i4 

»30S.2I 

1333.21 

O.OSfc 

0.04,¾ 

O.04.S 

Ô.OfeB 

O.o&o 

Ojoso 

O.OSB 

fc.4 S 

4,.82 

fe.lb 

4><?4 

I.0I 

7.44 

7.SI 

octa^uA.+- 
errmry 314,5 IS 0.32 7.80 

* ba+a. "Trom Edqeuüood Arsenal; Md.)“Tb*.’icVty 
Screening Branch, administered x.v. 

Table 8 
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ABSTRACTS OF STUDIES ON THE METHYL PYRIDINIO AND THE 2 HYDROXY ETHYL 

DIMETHYL AMMONIQ ANALOGUES OF BUTANONE, PHENYLENE DIACETYL AND bTPHËNACYL 
COMPOUNDS -- 

The structures of the compounds in this series are shown in Figure 10. 

The following are abstracts of papers in press at the present time. The 

papers have been accepted and will appear early in 1974 in "Toxicology 
and Applied Pharmacology". 

23 





ABSTRACT 

Lethalities, Antiesterase and Hemicholinium-like Actions of a Series 

of Bis-quaternary Amnonium Compounds, Loomis, T. A., Sommer, H. Z. and 

Collins, J. A. (1973) Toxicol. Appl. Pharmacol. 00, 00-00. 

Comparative data from mice and rats are presented concerning the 

lethalities, antiesterase and hemicholinium-like actions of a series of 

bis-quaternary ammonium compounds in which the positively charged nitro¬ 

gens are connected by a phenacyl butanone (a), a phenylene diacetyl (b), 

or a biphenacyl (c) chain. Three analogues of each were studied. The 

analogues contain the ortho-pyridinio (L), the meta-pyridinio (II) or 

the 2-hydroxyethyldimethylammonio (III) moieties. A relatively simple 

method was developed for differentiating hemicholimium-like action from 

antiesterase action on the intact anterior tibial muscle preparation of 

the rat. All compounds of the III series are essentially of only a low 

order of activity as antiesterase agents but show hemicholinium-like 

action. Compounds of the I series are inactive when tested for hemicho- 

limium-like action. The a, b, and c members of the I and II series are of 

similar antiesterase potency. 
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ABSTRACT 

Two Active Structures for Hemicholinium-like Action, Blase, B. W., 

Loomis, T. A., Collins, J. A. and Sommer, H.Z. (1973) Toxicol, 

Appl. Pharmacol, 00,00-00. 

The hemiketal structure has been reported as necessary for compounds 

to exhibit hemicholinium action. This report describes the hemicholinium 

action of two bis-quaternary compounds (i.e., 2-hydroxy ethyldimethylam- 

monio derivatives) in which the positively charged nitrogens are connected 

by either the phenlene diacetyl chain or by the same chain in which the 

keto groups have been reduced. The former compound (Illb) exists in a 

cyclic hemiketal or closed ring form and the latter (IIIb-OH) exists as 

the straight chain form. Studies on the Intact rat anterior tibial nerve 

muscle preparation show that the compounds produce quantitatively similar 

effects and the both produce significant hemicholinium-like action. 

These results indicate that both the straight chain and tba hemiketal 

forms are active structures for uemicholinium-like action. 




