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In the mids t  of compounds posses s ing  high ant ibacter ia l  p rope r t i e s  and the re fo re  having broad  ap- 
plication, compounds f rom the group of monoqua te rna ry  ammonium sal ts  of the following type should be 
noted: 

- -  X -  

where R t, R 2, R 3 are  r e la t ive ly  shor t  alkyls (CH3, C2H5, C6HsCH2) ; R is a long-chain alkyl containing f rom 
eight to 18 a toms;  X- is m o s t  f requent ly  a halide ion [1-4]. The p r e f e r ence  for  these compounds amongst  
exist ing disinfect ing compounds (chloroact ive compounds and phenol der ivat ives)  is because  they are  ve ry  
soluble in water ,  do not have an odor, and, showing high ant ibacter ia l  effect,  do not co r rode  meta l l ic  objects .  

At presen t ,  the ant ibacter ia l  act ivi ty of monoqua te rna ry  ammonium compounds has been studied quite 
complete ly ,  but only isolated works  have been devoted to the study of the ant ibacter ia l  p rope r t i e s  of the 
b i s a m m o n i u m  prepa ra t ions ,  f rom which it is known that the la t te r  compounds show a s t rong ant ibacter ia l  
effect  [5, 6]. 

With this goal, it s eem p romis ing  to synthesize the b i sammonium sal ts  (I-XXI), which are  analagous 
in s t ruc tu re  to the enumera ted  monoqua te rna ry  compounds 

R (~+H#o,,. ~+/<:;Hr + , J~ ic~+>)++ p,] + x- 
? -D7 

where  R is the Song-chain alkyl containing f rom eight to 16 carbon atoms;  X- is the halide ion; n is a 
whole number ,  and also to study the ant ibacter ia l  act ivi ty as a dependence on chemical  s t ruc tu re .  

It was shown [2] that the m a x i m u m  ant ibacter ia l  act ivi ty in a s e r i e s  of monoqua te rna ry  compounds 
is shown by compounds containing a cetyl  radica l .  There fo re ,  it was in te res t ing  to c la r i fy  if this rule  is 
also observed  for  b i squa t e rna ry  compounds.  It was important  to es tab l i sh  what opt imum distance be -  
tween the ni t rogen a toms guarantees  the highest ant ibacter ia l  effect.  

Data on the synthes ized compounds are  p resen ted  in Table 1. 

Synthesis of the compounds was accompl ished  by two methods: f rom diamines  which were  t r a n s -  
fo rmed  to the cor responding  t e t r ame thy ld i t e r t i a ryd i amines  by the Esehwe i l e r -C la rke  method with sub-  
sequent condensation with alkyl halides (method A), and f rom diols by the i r  convers ion  to the c~,w-dihalo- 
alkyls,  which were  then condensed with the cor responding  t e r t i a r y  amines  (method B). 

The ant ibac ter ia l  act ivi ty  of the synthesized b i squa te rna ry  compounds was studied in re la t ion  to two 
f o r m s  of m i c r o o r g a n i s m s ,  Escher ich ia  eoli  and Staphylococcus aureus ,  by the genera l ly  accepted method of 
disinfect ing infested bat is te  t es t  objec ts .  

It is known that ant ibacter ia l  ac t iv i ty  appears  in monoqua te rna ry  ammonium compounds with the in- 
t roduetion of an octyl rad ica l .  In this connection, a s e r i e s  of b i squa t e rna ry  sal ts  having long-chain rad ica l s  
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T A B L E  1. C h a r a c t e r i s t i c s  of  C o m p o u n d s  (I-XXII) 
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Note. + compounds in the given concentration are ineffective: the asterisk 
signifies that the compound is hygroscopic. 

from octyl to cetyl, inclusively, was synthesized. As the starting ditertiarydiamine we used N,N:N i, N i- 
tetramethylhexamethylenediamine as the most accessible hexamethylenedramine. Here it was found that 
the antibacterial activity of bisquaternary compounds having an octyl residue (I) is not large, but it in- 
creases sharply with an increase in the length of the radical, reaching a maximum in compounds having 
a dodecyl residue (V). 

A sharp fall in antibacterial effect is observed with further growth of the radical to a cetyl (VI). In 
order to verify this fact on other examples, several analagous chlorides (XIX-XXI), and also bisquaternary 
compounds based on ethylenediamine (VII-IX) were investigated. 

However, here also the maximum antimierobic activity corresponds to the compound having two do- 
decyl residues. Consequently, in contrast to the corresponding monoquaternary compounds, the maximum 
antibacterial effect in bisquaternary compounds corresponds to the compound having a dodecyl and not a 
cetyl radical. The second characteristic of bisquaternary compounds is that, in contrast to monoquaternary 
compounds, the effect of the anion in them shows up significantly less on the antibacterial activity. 

However, here also (ef. compounds (If), (Ill), (V) with (XIX-XXI)), the compounds containing a chloride 
anion react more strongly than the corresponding bromides of bisquaternary salts. 

It was not any less interesting to clarify the effect of the distance between the cationic centers on the 
antibacterial activity of the bisquaternary salts. Here, the corresponding compounds with n = 2-6, 10, 20 

2 4 8  



with the dodecyl radical were investigated. It was found that the antibacterial activity of the compounds 
gradually decreases with increase of n. 

Consequently, compounds having a possible smaller distance between the nitrogen atoms are of in- 
terest in increasing the antibacterial effect of bisammonium compounds. It should be noted that upon going 
from compounds having a greater distance between nitrogen atoms, for example, at n = 20, the methylene 
bridge between nitrogen atoms becomes like a long-chain alkyl. In this case, the antibacterial effect of the 
compound improves upon decreasing the size of R (XVI-XVIII). At n = 10, evidently, the length of the meth- 
ylene bridge is still too small to produce an antibacterial effect of the compounds; therefore, for com- 
pounds of this type a normal regularity for bisammonium compounds is observed: the maximum effect 
corresponds to compounds having a dodecyl radical (XIII-XV). 

It is also necessary to note that upon comparing compound (VIII), which shows the best results in its 
antimicrobic activity among bisquaterary compounds, with the monoquaternary compound (XXII), it is seen 
that the latter is significantly weaker than the bisquaternary. It is interesting to note that the most active 
monoquaternary compound containing a cetyl radical (XXII) is similar in its biological activity to the bis- 
quaternary compound (VIII). 

The studied group of bisquaternary compounds almost does not show a selective effect. The greater 
portion of compounds are equally active, both in relation to Gram-negative and Gram-positive micro- 
organisms, which undoubtedly is their advantage over rnonoquaternary compounds. 

EXPERIMENTAL 

Synthesis of bisquaternary salts was accomplished by two methods: reaction of ditertiary amines 
with alkyl halides (method A) and reaction of ~,w-dihalo compounds with tertiary amines (method B). The 
ditertiary amines based on 1,2-dimethylene-, 1,3-trimethylene-, 1,4-tetramethylene-, and 1,6-hexamethyl- 
enediamines were obtained by the Eschweiler-Clarke reaction [7, 8] from the reaction of the mentioned 
diamines with formaldehyde and formic acid. Synthesis of N,N,N i, N i tetramethyltrimethylenediamine by 
the Eschweiler-Clarke method was carried out by us for the first time. 

The tertiary amines dimethylhexyl- and dimethyloctylamines [9] and dimethyldodeeylamine [i0] were 
obtained by the reaction of secondary amines with the corresponding alkyl halides. The alkyl halides nonyl-, 
decyl-, and dodecyl chlorides were obtained by reaction of thionyl chloride with the corresponding alcohol 
in the presence of dimethylformamide [ii]. Octyl-, nonyl-, decyl-, undeeyl-, and dodecyl bromides [12] 
and the a,w-dihalo compounds such as 1,10-dibromodecane [13] and 1,20-dibromoeicosane [14] were ob- 
tained by the reaction of the corresponding alcohols and glycols with a 43% solution of hydrobromie acid, 
with the exception of 1,4-dibromobutane, which was obtained by the reaction of tetrahydrofuran with sodium 
bromide in concentrated sulfuric acid [15]. 

A. A solution of 9.96 g (0.04 mole) of dodecyl bromide in 15 ml of absolute ethanol was added with 
stirring to a solution of 3.44 g (0.02 mole) of N,N,N i, Nitetramethylhexanediamine in i0 ml of absolute 
ethanol heated to 50~ The reaction mixture was heated for 6 h with a reflux condenser at 90-I00~ Af- 
ter cooling, the precipitated white solid was washed with dry ether and recrystallized two times from 
acetone with the addition of several drops of absolute ethanol. 

B. We heated 2.29 g (0.01 mole) of 1,5-dibromopentane with 6.39 g (0.03 mole) of dimethyldodeeyl- 
amine in i0 ml of absolute ethanol for 8 h at 90~ The obtained brown-colored precipitate was dissolved 
in absolute ethanol and the material was precipitated with dry ether, then recrystallized from acetone. 
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