
469 

Effect of Chain Length on the Rate of Quaternization of Alkyl Amines 

F.E. Friedli 
Sherex Chemical Co., Inc., Dublin, OH 43017 

Trialkyl amines from triethyl  to tr istearylamine were 
quaternized with benzyl chloride and compared for the 
effect of chain length on the rate of  quaternization.  
Triethylamine reacted about  twice as fast as tripropyl- 
amine with virtually no chain-length effect from propyl 
to  stearyl. Results are compared to previous rate studies 
on steric hindrance and chain-length dependence. 

In the course of studying process improvements on 
alkylation of tertiary amines to quaternary ammonium 
salts, the reaction properties of trialkyl amines (Struc- 
ture 1) were examined. 
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STRUCTURE1 

Industrially, amines from trimethylamine [R = Me) to 
tristearylamine (R -- ClsH37) are readily available. Mo- 
lecular models of the long-chain analogs (Structure 2) give 
the distinct impression of an aquatic organism. 

STRUCTURE 2 

a 3-legged octopus. 

The flexibility and possible conformations are almost 
limitless. Depending on the conformations most favorable 
under a particular condition or solvent system, it is possi- 
ble to theorize either equal quaternization rates for the 
short- and long-chain homologs of the tertiary amine 
series, or vastly differing rates. Three basic types of con- 
formations seem possible in solution: 

(i) parallel (Structure 3): where the hydrophobic tails 
cling together with no solvent molecules separating them: 

N 
STRUCTURE3 

(ii) separated (Structure 4): where the hydrocarbon 
chains are widely separated by solvent molecules: 

. j  

STRUCTURE4 

(iii) ball (Structure 5): where the chains are coiled and 
twisted around the nitrogen: 

STRUCTURE 5 

Structures 3 and 4 should offer no particular steric hin- 
drance to quaternization, while Structure 5 should be very 
slow to quaternize due to steric problems. It is known that 
quaternizations occur best in solvents with high dipole 
moments and dielectric constants {1). Acetonitrile, etha- 
nol, or tetrahydroforan are much better reaction media 
than hexane or toluene. The coiled conformation should 
create a non-polar hydrocarbon environment around the 
reactive nitrogen, disfavoring formation of polar transi- 
tion states typical in SN2 displacements. The effect could 
further slow the rate of reaction of Structure 5. 

While long-chain trialkyl amines do have appreciable 
solubility (at temperatures above their melting points) in 
polar organic solvents, it seems likely that they are not 
totally compatible on a molecular level. This conjecture 
is the basis for the three suggested conformation types. 
Rapid conversion between the types likely occurs with 
the important feature being the equilibrium ratio of the 
conformers. NMR evidence on the conformations of the 
amines in solution cannot be determined with certainty. 
The techniques are very difficult and not fully developed 
at this time (2). 

The literature shows that the effect of steric hindrance 
on rates of various quaternizations has been studied. 
Pyridine derivatives (3-11), aromatic systems (12-14), 
thiazoles (15,16), polymers (17), and miscellaneous nitro- 
gen and phosphorous systems (18-22) all exhibit a rate 
change with general steric crowding. 

Berg e t  al. (23) discussed the empirical and theoretical 
parameters that describe steric and solvent effects on 
aromatic systems. In one of his examples, a methyl 
derivative was 2.5 times faster than an ethyl compound. 
Becket and Dwuma-Badu (24) noted that under certain 
circumstances and structures, pka relates to quaterniza- 
tion rate. He was reacting complex alkaloid amines where 
severe steric hindrance seems to determine pka and reac- 
tion rate, but this trend is not always the case for general 
amines. 

H. C. Brown and group studied the methyl iodide 
quaternization of endo and exo dimethylaminonorboranes 
--the endo isomer was 50 times slower to react than .the 
exo isomer, apparently due to steric strain developed in 
the intermediate as opposed to steric crowding around 
the nitrogen that  would hinder initial attacks by the 
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alkylating agent (25). Simchem quaternized several highly 
branched aliphatic amines noting tha t  isopropyl analogs 
gave conversions of 5-17% at the same time ethyl ver- 
sions reacted almost to completion (63-100%} (26}. Fair- 
child studied the effects of chain branching on the quater- 
nization of ter t iary  amines (27}. 

References documenting the effect of increasing chain 
length on various types of reactions are, however, very  
limited. The reaction of alkoxide ions with benzyl chloride 
to form ethers has been shown to have a chain-length ef- 
fect. The rate  constants  decrease about  20% per carbon 
atom between n-propoxide and n-hexoxide (28). For 
methyl iodide quaternization of thiazole, relative rate con- 
s tants  found were me thy l - - l l . 8 ,  ethyl--9.2, and n- 
propyl--9.1 (29}. Bialik et  al. (30) examined the synthesis 
of sulfobetaines from reaction of dimethylalkylamine with 
1-chloro-2-hydroxypropane. A noticeable effect of the 
chain length was in evidence here, also (Table 1). 

In contrast ,  the hydrolysis rate of 2-alkylimidazolines, 
however, is not  chain-length dependent (31). 

From earlier work (Frank, P.J., private communication, 
Sherex Chemical Company, 1987} in our lab, monoalkyl- 
dimethyl  amines have shown no decrease in rate with in- 
creasing chain length (from C-6 to C-16). For the current  
study, it was anticipated that  possibly the dialkyl methyl 
amines would, and certainly the trialkyl amines should, 
exhibit a noticeable chain-length effect. 

RESULTS AND DISCUSSION 

Eight  trialkyl amines from tr iethyl  to t r is tearylamine 
were quaternized with benzyl chloride in isopropanol. 
Several dialkylmethyl amines were also studied. I t  was 
impor tant  to insure tha t  no perceptible change occurred 
in the polari ty of the solvent/reaction system when 
test ing the various members of the ter t iary amine series. 
Because the molecular weights varied t remendously 
(triethyl -- 101, tristearyl -- 773}, the reactions were done 
in dilute solutions (5 mole %) so the effective dipole mo- 
ment was that  of isopropanol. Due to the dilute technique 
used, experimental  error in the rate  da ta  is es t imated 
at  _+7%. 

As Table 2 reveals, the rate constants do n o t  vary  from 
tr ipropylamine to t r is tearyl  amine. This finding is quite 
amazing when considering the extreme bulk of the longo 
chain trialkyl amines compared to tr ipropyl  and t r ibutyl  
amines. Triethylamine, however, does react almost twice 
as fast. The dialkylmethyl amines quaternize much 
quicker, and no chain-length effect was seen from C-8 to 
C-18. All reactions cleanly fit second-order kinetics. 

TABLE 1 

Effect  of Chain Length on the Reaction of Dimethylaikyl  Amines 
with 1-Chloro-2-Hydroxypropane in Isopropanol 

% Conversion after 12 hr 
Number of carbons 

81~ 60~ in alkyl chain 

91 70 4 
89 63 8 
87 60 12 
85 55 18 
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TABLE 2 

Effect  of Chain Length on the Quaternization Reaction 
of Alkyl  Tertiary Amines with Benzyl  Chloride a 

Rate constants (kg-solution/mole-hr) 
Number of carbons 

in alkyl chain Trialkyl amine Dialkyl methyl 

2 .77, .83 
3 .44 
4 .40, .43 
8 .41 

10 .45 
12 .41 
16 .46 
18 .40 

2.28 

2.26 

2.19 

aAt 71~ in isopropanol. 

For studies like ours tha t  saw no chain-length effect, 
it seems likely, that  with the conditions used, the molecule 
existed primarily in a favorable conformation. For those 
tha t  documented a chain-length effect, an unfavorable 
conformation may have dominated. I t  is interesting that  
Bialik saw a significant effect at 60~ and a much less 
pronounced one at 81~ 

Our data  and others (28} show the biggest steric effect 
when going from an ethyl  to a propyl group which can 
bend back and seriously block at tack on the nitrogen (32}. 

Another tert iary amine was quaternized that  possesses 
a similar steric structure.  E thoxyla t ion  of a long-chain 
pr imary amine gives a ter t iary  amine with the general 
s t ructural  (Structure 6) shape of a trialkyl amine. 

/___/o~__/o~o~__/o~_/o. 
R - - N  

o~__/o~_/o~_/o __/o. 

STRUCTURE 6 

The amine used was hydrogenated tallow (about 33% 
C-16 and 66% C-18) pr imary amine e thoxylated with 10 
moles of ethylene oxide. Exact ly  10 moles of ethylene ox- 
ide (EO) do not add to the amine, instead a Gaussian 
distribution results, giving a complex mixture of similar 
amines containing 5 to 15 moles of EO. 

Quaternization of Structure  6 resulted in somewhat in- 
consistent  data  (.26 to .34 kg-solution/mole-hr), but  
generally a slower rate  constant  than the pure trialkyl 
amines (.43 kg-solution]mole-hr). The reason for this is not 
at all obvious since this ethoxylated amine should be very 
compatible with the isopropanol sys tem and exist  in 
Structure  2. A faster  rate had been expected. 

EXPERIMENTAL PROCEDURES 

A m i n e s .  Triethyl, tripropyl, and t r ibutylamine were ob- 
tained from Eas tman  Kodak and their pur i ty  confirmed 
to be greater than 99% by gas chromatography.  Tri- 
ethylamine was freshly distilled prior to use. 
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The  C-8, C-10, C-12, C-16, C-18 t r i a l k y l  a m i n e s  and  the  
C-8, C-12, C-18 d i a l k y l m e t h y l  amines  were  p r e p a r e d  f rom 
the  c o r r e s p o n d i n g  a lcohol  or  n i t r i l e  a n d  a m m o n i a  u s i n g  
k n o w n  m e t h o d s  (33). I f  neces sa ry ,  t he  amines  were  dis- 
t i l l ed  u n d e r  h igh  vacuum,  or  mo lecu l a r l y  d i s t i l l ed  un t i l  
t he  cha in - l eng th  p u r i t y  was  95% m i n i m u m  a n d  the  ter-  
t i a r y  amine  p u r i t y  was  97% min imum.  The  t r i  C-18 amine  
was  recrys taUized f rom I P A  unt i l  i t  gave  one spo t  b y  thin- 
l aye r  c h r o m a t o g r a p h y  and  i t s  amine  va lue  t i t r a t i o n s  (34) 
m a t c h e d  theory .  The  e t h o x y l a t e d  amine  s t ud i ed  is a s tan-  
d a r d  p r o d u c t  (Varonic  U210) of S h e r e x  Chemica l  Com- 
p a n y  and  was  used  as  is. The  s amp le  u sed  had  an  ave rage  
mo lecu l a r  w e i g h t  of 721. 

K i n e t i c  procedure .  T e r t i a r y  amine  (.01 mole,  for  tr i-  
b u t y l a m i n e  1.85 g) was  d i s s o l v e d  in e n o u g h  a n h y d r o u s  
i s o p r o p a n o l  to  g ive  a t o t a l  we igh t  of  200 g of so lu t ion .  
Th i s  so lu t ion  was  c h a r g e d  to  a 500 m L  3-neck RB f l a sk  
f i t t ed  wi th  a condenser  and  a m a g n e t i c  s t i r rer ,  and  hea t ed  
to  71~ B e n z y l  ch lor ide  (1.26 g, 1.15 mL,  .01 mole) was  
a d d e d  q u i c k l y  v ia  sy r inge .  

A t  a p p r o p r i a t e  i n t e rva l s  over  10 hr, smal l  a l iquots  were  
w i t h d r a w n  and  the  u n r e a c t e d  amine  d e t e r m i n e d  b y  t i t r a -  
t i on  (32) w i t h  a lcohol ic  .5N HC1 to  a b r o m o c r e s o l  g reen  
endpoint .  Convers ions  were l imi ted  to  40% to ob ta in  good  
in i t i a l  r a t e  da t a .  
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