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SUMMARY 

The chromatographic and electrophoretic behaviour of aryloxyalkyl ammonium 
compounds, such as 1-alkylpiperidinium bromides, pyridinium bromides, benzyl- 
dimethylammonium bromides and trimethylammonium bromides, were studied. The 
group constants for the aromatic, alkyl and basic parts of the molecules of the 
compounds studied were determined in the chromatographic system formamide- 
I , I ' , 2 ,2 ' - t e t rach lore thane .  In all cases there was good agreement between the calcu- 
lated and the experimental RF values. The relationship between the structure of the 
aryloxyalkyl ammonium compounds and their chromatographic and electrophoretic 
properties is discussed. 

INTRODUCTION 

Organic quaternary nitrogenous compounds represent a pharmaceutically 
interesting group of substances with antimicrobial, fungicidal, local anaesthetic, 
sympatholytic and other effects. Their surface-active and solubilizing properties 1 are 
also of importance. 

Soon after I943 when RAWLINS et al. 2 prepared a series of these compounds 
with germicidal activity, increasing interest in them became apparent ~-1~. The 

I 
solubilizing properties of ammonimn salts of the (Ar-O(CH2)n-N-)+Br- type depend 

to a great extent on the structure of the solubilizer and on the type of solubilized 
substance ~2. Basic information concerning the relationship between structure and 
chemical behaviour of organic ammonium salts can be obtained by partition paper 
chromatography and electrophoresis. In addition to this, both these methods can be 
used for a quick check on identity and puri ty during their preparation. 

MATERIALS AND METHODS 

Chemicals 
The quaternary nitrogenous compounds, studied, listed in Table I, were 

prepared by synthesis according to previously described procedures 12. The chemicals 

* Presen t  address  : Pharmazeut i sches  Ins t i tu t ,  Eidg. Techllische Hochschule,  Zurich, Swit-  
zerland. 
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TABLE [ 

A R Y L O X Y A L K Y L  A M M O N I U M  C O M P O U N D  I N V E S T I G A T E D  
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Number Chemical name Formula 

I i- (2-Phenoxyethyl)- i -ethylpiperidinium bromide C~H~BrNO 
1i i- (3 -Phenoxypropyl)-  I-ethylpiperidinium bromide C~Ht ,BrNO 
I I I  I- (4-Phenoxybutyl) - i -ethylpiperidinium bromide C17H~sBrNO 
IV i- (5-Phenoxypentyl)- i -ethylpiperidinium bromide C~H3oBrNO 
V i-~4- (2-Methoxyphenoxy) butyl~- i -ethylpiperidinium bromide C~sH~0BrNO ~ 
VI i-[4- (3-Methoxyphenoxy) butyl]- i -ethylpiperidinium bromide ClsHs0BrNOg 
VII  i-[4-(4-tert.-Butylphenoxy)butyl]-i-ethylpiperidinium bromide C~tH~,BrNO 
VII1 i- {4-[4-.(I, I, 3, 3-Tetramethylbutyl)phenoxy]butyl} - I-ethylpiperidinium 

bromide 
i- [4- (4-Nonylphenoxy) butyl]- i -ethylpiperidinium bromide 
i- ~4- (2-Biphenyloxy) butyl]- i -ethylpiperidinium bromide 
i- [4- (4-Biphenyloxy)butyl)- i -ethylpiperidinium bromide 
i- [4- ( i-Naphthyloxy)butyl~- i-ethylpiperidinium bromide 
i-[3- (2-Naphthyloxy)propyl~- i-ethylpiperidinium bromide 
i-[4- (2-Naphthyloxy) butyl]- i -ethylpiperidinium bromide 
t-[5- (2-Naphthyloxy)pentyl~- i-ethylpiperidinium bromide 
i- [6- (2-Naphthyloxy)hexyl]- i -ethylpiperidinium bromide 
i-[8-(2-Naphthyloxy) octylJ- i -ethylpiperidinium bromide 
i- [4- (2-Naphthyloxy) butyl~- i-propylpiperidinium bromide 
i-[4- (2-Naphthyloxy)butyl~- i -butylpiperidinium bromide 
i- [4- (2-Naphthyloxy) butyl~-i-pentylpiperidinium bromide 
i-[4- (2-Naphthyloxy) butyl l-  i -hexylpiperidinium bromide 
i- ~4- (2-Naphthyloxy) butyl]- i-cyclohexylpiperidinium bromide 
i- [4- (2-Naphthyloxy) butyl]-  i -heptylpiperidinium bromide 
i-[4- (2-Naphthyloxy) butyl~- i-octylpiperidinium bromide 
i-[4- (2-Naphthyloxy) butyl]- I-nonylpiperidinium bromide 
I- [4- (2-Naphthyloxy)butyl]-  i-decylpiperidinium bromide 
i- [4- (2-Naphthyloxy)butyl]-  I-undecylpiperidinium bromide 
i- [4- (2-Naphthyloxy) butyl]- i-dodecylpiperidinium bromide 
i- [4- (2-Naphthyloxy) butyl]- i - tetradecylpiperidinium bromide 
I- [4- (44ert.-Butylphenoxy) butyl~pyridinium bromide 
i-  {4-[4-(1,1,3,3-Tetramethylbutyl)phenoxyj butyl} pyridinium bromide 
i-[4- (4-Nonylphenoxy) butyl]pyridinium bromide 
i- [4- (2-Naphthyloxy)butyl]pyridinium bromide 
i-[4- (2-Naphthyloxy) butyl~-2-methylpyridinium bromide 
[ 4-( 4-tert.- Butylphenoxy) butyl]benzyldimeth ylammonium bromide 
{4- [4- (I, I, 3,3-Tetramethylbutyl)phenoxy]butyl} benzyldimethyl-  

ammonium bromide 

C2~H~4BrNO 
IX* Ce6H46BrNO 
X C28Ha2BrNO 
XI  C~sHa~BrNO 
XI I  C24HsoBrNO 
X I I I  C~0H28BrNO 
XIV C,~IHa0BrNO 
XV C~Ha~BrNO 
XVI C~aHa4BrNO 
XVII  C~sHasBrNO 
XVII I  C22H32BrNO 
XI  X CeaH84BrNO 
X X  C24Hs,BrNO 
X X I  C2~HasBrNO 
X X I I  C~sH3GBrNO 
X X I I I  C26H40BrNO 
X X I V  C,~H~eBrNO 
X X V  CIsH~BrNO 
XXVI  C~gH~6BrNO 
X X V I I  Ca0HasBrNO 
X X V I I I  CaH~0BrNO 
X X I X  C~aHaaBrNO 
X X X  C~H~BrNO 
X X X I  C~aH~BrNO 
X X X I I *  C~Ha6BrNO 
X X X l I I  Ct,H~0BrNO 
X X X I V  CIoH~,BrNO 
X X X V  C,~H~BrNO 
X X X V I  

C2~H42BrNO 
XXXVII*  [4-(4-Nonylphenoxy)butyl}benzyldimethylamlnoniunl bromide C2sH~BrNO 
X X X V I I I  [4-(4-Biphenyloxy)butyl lbenzyldimethylammonium bromide C~aH3oBrNO 
X X X I X  [4-(2-Naphthyloxy)butyl]benzyldimethylammonium bromide C28H~sBrNO 
XL [4-(4-tert.-Butylphenoxy)butyl]trimethylammonium bromide CI~H~0BrNO 
XLI  [4- (2-Naphthyloxy) buty l ] t r imethylammonium bromide ClTH2,BrNO 
XLII  i- (Propyl)- i -ethylpiperidinium bromide CloH~2BrN 
XLI I I  i- ( ButyI)- i -ethylpiperidinium bromide CnH~4BrN 
XLIV i-(Pentyl)-  i -ethylpiperidinium bromide Cl~H26BrN 
XLV i-(Hexyl)- i -ethylpiperidinium bromide CtaH~sBrN 
XLVI i- (Heptyl)- i -ethylpiperidinium bromide CI~H30BrN 
XLVII  i- (Oetyl)- i -ethylpiperidinium bromide C15Ha2BrN 
X L V I I I  I- (Nonyl)- i -ethylpiperidinium bromide C16Ha4BrN 
X L I X  I- (Decyl)- i -ethylpiperidinium bromide C17H84BrN 

* p-Nonylphenol used here could be the  mixture of following: 
CH3 CHa 
I l 

CH3-CH2-CH~-C CH 2 CHCH3; CH3-CH2-CH2-CH-CH2-C-CH s 
l 1 I l 

t j  ~ CH~ CH~ []//~] 

OH OH 
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constituting the chromatographic system, the universal Britton-Robinson buffer and 
other auxiliary chemicals were commercial products of analytical grade purity. 
Similarly the phenols used for the determination of the group constants of the 
aromatic part of the molecule of the substances studied, were also commercially 
available products. 

Paper chromatography 
A descending chromatographic technique was used with a formamide-I,I',2,2'- 

tetrachlorethane system. Both phases of the system were mutually saturated. Prior 
to impregnation of the paper (Schleicher-Schfill 2o43b Mgl) the formamide phase was 
mixed with methanol in the ratio I : i .  The compounds studied were 25 #g samples 
of the compounds in ethanolic solution, spotted onto the impregnated chromato- 
gram. The chromatograms were kept in chambers saturated with I,I ' ,2,2'-tetra- 
chlorethane. The development period took 4-5 h for the front to run a distance of 
4 ° cm from the start. Compounds with a RF value lower than o.I were chromato- 
graphed by using an overrun technique. In this case, compound XX was used for 
front indication. Chromatograms were detected with Dragendorff's reagent after 
drying the chromatogram at a temperature which did not exceed IiO °. All RF values 
listed in Table I I I  are averages from 20 chromatograms, where the deviation of the 
R~ value from that of control substance X X  was not more than + 0.03. 

Electrophoresis 
Electrophoretic mobility was determined on Whatman 31 ET paper. We 

worked with contact platinum electrodes directly on the electropherogram and no 
buffer reservoir. Britton and Robinson's universal buffer (0.04 M H3PO 4, 0.04 M 
H'3B Q ,  0.04 M CHsCOOH and variable amounts of 0.2 M NaOH) was used adjusted 
to a constant ionic strength of/~ = 0.2 by NaC1. Electropboresis was performed for 
I h with a potential gradient of IO V/cm and a temperature of I5 °. Tetraethylam- 
monium bromide was used as a standard of mobility. Mobilities u (cm 2-V -1.sec -1) 
were not corrected for electroosmosis. 

RESULTS AND DISCUSSION 

From the theoretical concepts of paper chromatography the ARM values for 
the individual parts of molecules of a substance A can be added according to the 
formula: 

RM(A) = XARM(m) + yARM(~) -~ ZARM(o) + ... K 

where : 
x, y, z ~ number of functional groups m, n, o in the substance A, 
K = constant for the chromatographic system and paper. 
Thus, a prerequisite is given for the study of the relationship between structure 

and chromatographic behaviour of substances. 
I + 

In the case of substances of the (Ar-O(CH2)n-2~-) Br-  type we have determined 
constants for the individual parts of the molecule as indicated in the schematic 
diagram. The suitability of the chromatographic system used is illustrated by the 
linear dependence of R M  on  the number of carbons in homologous series (Fig. i). 

j .  Chromatog., 40 (1969) 440-448 
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Fig. I. Dependence of RM values on tile number carbons in an homologous series. 

For the aromatic parts of the molecule the group constants (dRM) were computed 
from the RF value of relevant phenols according to the formula: 

( '  ) ARM=lOg ~ - -  I - - K  

In this way it is possible to determine the ARM values tor all monohydric phenols 
which display, in the system used, reliable and measurable RF values. The selection 
of the phenols (Table II) was determined by the anticipated use of this type of 
aryloxyalkyl ammonium salt as a solubilizing agent. Further resolution of the aryloxy 
group into the effect of the substituent, its position etc., would only be of theoretical 
significance. 

Increasing of the number of C atoms in the alkyl substituent on the aromatic 
nucleus, on the connecting bridge and the nitrogenous part of tile molecule influences 
separation in favour of the non-polar mobile phase (Table III). In an homologous 
series, CnH2n + 1, where substitution is on the N atom the latter effect is more pro- 
nounced than in the case where the series CnH~n is attached to the connecting bridge. 
This difference is probably caused by the orientation of the carbon chain of the  
connecting bridge in the direction of the aromatic nucleus. Such an arrangement in 
space had been confirmed experimentally in the case of 2-phenoxyethylamine 13 and 
can be explained as a manifestation of tile interaction owing to the varying potential 
of Jr-a bonds 14. 

j. Chromatog., 4 ° (1969) 440-448 
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TABLE II 

G R O U P  C O N S T A N T S  

Group ARM 

K-constant for paper and solvent system --o.o24 

Carbon atom CnH~n + 1 - -  O.201 
CnH2n -- 0.162 

Piperidinium bromide + 2.175 
Pyridilililim bromide + 2.259 
2-Methylpyridinium bromide + 1.963 
Benzyldimethylammoliium bromide + 1.616 
Trimethylammonium bromide -{- 2.289 

Phenoxy + o. 252 
2-Methoxyphelioxy + 0.046 
3-Methoxyphenoxy -- o.o 5 i 
2, 3 -Dimethylphenoxy -- o. 4o7 
2,4-Dimethylphenoxy -- o.471 
2,5 -Dimethylphenoxy -- o. 504 
2,4, 6-Trimethylphelioxy -- o. 76 I 
4-tert.-Butylphenoxy -- o.683 
4-(I, 1,3,3-Tetramethyl) phenoxy i.i43 
4-Nollylphenoxy* -- 1.38o 
2 -Methyl-5 -isopropylphenoxy -- o. 85o 
2 -Biphenyloxy -- o. 812 
4-Biphenyloxy -- 0.558 
I-Naphthyloxy -- o.37I 
2-Naphthyloxy -- 0.295 

* See note to Table I. 

M. STUCHLIK, R. K. JOSHI, ~. KRASNEC 

Direct de te rmina t ion  of group constants  for the basic parts  of the molecules of 
the substances s tudied is impossible in the system used. Da ta  listed in Table I I  were 
computed from the differences between the RM values found and  known group 
constants .  Table  I I I  shows good agreement  of the values found with the ones com- 
puted  for all compounds  studied (with an RF value not  exceeding -4-0.o4). The 
courses of the mobi l i ty  curves of the compounds s tudied (Figs. 2-5) are affected not  
only by  the electromigrat ion phenomena,  bu t  also by  adsorpt ion on paper. In  tile 
case of t e t r a e t h y l a m m o n i u m  bromide (TEAmmBr) ,  adsorpt ion was not  observed. 

Measurement  of electrophoretic mobi l i ty  in the series of 2 -naph thy loxybu ty l  
ni t rogenous qua t e rna ry  salts (Fig. 2) shows a decrease in  mobi l i ty  in the order 
t r i m e t h y l a m m o n i u m  > pyr id in ium > 2-methylpyr id in ium > I -e thylp iper id in ium > 
benzy ld ime thy lammonium.  The dRM values for these basic groups also decrease in 
the same order. Electrophoret ic  mobi l i ty  in the series of i - [4- (2-naphthyloxy)buty l ] -  
I -a lkyl  p iper id inium bromides follows a different course to the mobi l i ty  of T E A m m B r  
(Fig. 3)- The change in the shape of the curves occurring from C 8 up in the I-alkyl-  
p iper id in ium part  is caused by  the surface ac t iv i ty  of these substances (approxi- 
mat ive ly  4 ° d y n e ' c m  -1 in a concentra t ion of 0.02 M (ref. I2)), which is also re- 
sponsible for the change in the shape of the spots from circular to longitudinal .  
Lengthening  of the connect ing carbon bridge between the aromatic  par t  and  the basic 
group results in a decrease of electrophoretic mobi l i ty  (Fig. 4). Mobilities of i -a lky l  

j .  Chromatog., 4 ° (1969) 440-448 
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T A B L E  I I I  

R F V A L U E S  O F  A M M O N I U M  C O M P O U N D S  

Number Found Calculated 

RF RM RF RM 

I* 0.029 + 1.525 0.022 + 1.677 
II* 0.042 + 1 . 3 5 9  o.o3o +1 .515  
UI*  0.060 + 1 . 1 9 6  0.042 +1 .353  
IV* 0.082 + I.O48 0.059 + 1.191 
V* o . Io  +0 -954  0.08 +1 .o55  
VI* 0.09 + 1 . o o  5 0.08 + 1 . o 5 o  
V I I  0.26 + 0 . 4 5 4  0.28 +o .418  
V I I I  0.54 --0.070 0.53 --0.042 
I X  0.68 --0.327 o.66 --0.279 
X 0.33 + 0 . 3 0 8  0.34 +0 .289  
X I  0.24 + o . 5 o l  o.22 +0 .543  
X l I  o.15 + 0 . 7 5 3  o.16 + 0 . 7 3 0  
X l I I  o . Io  + 0 . 9 5 4  o . Io  +0 .968  
X I V  o.14 + 0 . 7 8 8  o.14 + 0 . 8 0 6  
XV o.19 + 0 . 6 3  ° o.19 + 0 . 6 4 4  
XVI  0.27 + 0 . 4 3 2  0.25 +0 .482  
x v n  0.43 + o. 122 o.41 + o. 158 
X V l I I  o.19 + 0 . 6 3 0  0.20 +0 .605  
X I X  0.26 + 0 . 4 5 4  0.28 +0 .404  
x x  0.38 +o .213  0.38 +0 .203  
x X I  0.47 +0 .052  0.50 +0 .002  
X X l I  0.40 + o . 1 7 6  - -  - -  
X X l I I  o.61 - o . 1 9 4  o.61 - o . 1 9 9  
x x I v  0.72 - o.41o 0.72 -- 0.400 
X X V  0.78 --0.545 0.80 - -o .6o l  
X X V I  0.87 - -0 .826 0.87 --0.802 
X X V I I  o.91 -- I .oo 5 o.91 -- I.OO 3 
X X V I I I  o.94 -- I. 195 0-94 1,2o 4 
X X I X  f ront  -- oo o.98 -- 1.6o6 
X X X  o. 12 + o. 865 o, I I + o.9o4 
X X X I  o.26 + o . 4 5 4  o.26 +o .444  
X X X I I  o.34 + o . 2 8 8  o.38 +o .2o7  
X X X I I I  0.06 +1 .195  0.05 +1 .292  
X X X I V  0.09 + I.OO 5 0.08 + I.O6O 
X X X V  0.33 + 0.308 0.35 + o.261 
X X X V I  o.64 - -o .25o o.62 --o.199 
X X X V I I  o.73 --o.432 o.73 --o.436 
X X X V I I I  0.25 +o .475  o.24 +o .496  
X X X I X  o.2o + o . 6 o 2  o.2o +o .595  
XL* o.o8 + I.O61 o . Io  + o.934 
XLI*  0.06 + I. 195 0.o5 + 1.322 
X L I I *  o.o 4 + 1.38o o.o 7 + I. 146 
X L I I I *  0.08 + I.O61 o . Io  +o .945  
X L I V  o. I I  + 0 . 9 5 4  o.15 +0 .744  
X L V  o.19 + 0 . 6 3 0  0.22 +0 .543  
X L V I  0.30 + 0 . 3 6 8  o.31 +0 .342  
X L V I I  0.39 + o . I 9 4  0.42 +o .142  
X L V I I I  0.56 --O.lO 5 0.53 --0.060 
X L I X  0.69 --0.347 0.65 --o.261 

* A run-off t e chn ique  was  used, 
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Fig. 2. Electrophoret ic mobi l i ty i~of  nitrogenous quaternary  bromides of  genera] formula as 
shown. 
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Electrophoretic mobility of I-[4-(2-naphthyloxy)butyl]-I-alkyl piperidinium bromides. 
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Fig. 4. Effect of chain length on electrophoretic mobility of compounds of general formula as 
shown. 
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Fig. 5. Electrophoretic mobility of i-(alkyl)-I-ethylpiperidinium bromides. 
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e t h y l p i p e r i d i n i u m  b r o m i d e s  w i t h  n o  a r y l o x y  m o i e t y  i n  t h e i r  m o l e c u l e  (Fig .  5) f o l l o w  

a s i m i l a r  c o u r s e  t o  T E A m m B r ,  w h i c h  is  u s e d  in  t h e  e l e c t r o p h o r e t i c  m e a s u r e m e n t s  

a s  a s t a n d a r d  o f  m o b i l i t y .  
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