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Abstract 
The reaction of olefins with a halogen and 

pyridine (or pyridine derivative) to form a-halo- 
alkypyridinium quaternary halides has been pre- 
viously reported only for the halogens bromine 
and iodine monochloride. In the present study, 
this reaction has been extended to the use of 
chlorine as halogen, and to the internal double 
bonds of unsaturated acids and derivatives. Oleic 
acid, methyl oleate, methyl linoleate, oleic amide 
and octadecene were used as olefins. Pyridine, 
quinoline and y-picoline were used as the amines. 
Formation of the quaternaries was shown by 
chemical and infrared analyses. 

The reaction occurred rapidly at -20C in 
excess pyridine as solvent and reagent. The 
probable mechanism is addition of X + to the 
double bond to give an a-halo-cation plus halogen 
anion, followed by attack of the cation by the 
pyridine to form the quaternary pyridinium 
cation. 

The competing reaction of the a-lhalo-eation 
with the halo-anion to give the dihalide of the 
olefin is repressed by the large excess of pyridine 
used. The quaternary is not formed by reaction 
of the dihalide with pyridine, since methyl di- 
ehlorostearate did not react readily with pyridine. 
The fatty pyridinium quaternaries show biocidal 
activity against E. coli and M. pyogcnes. 

Introduction 

T H E  REACTION o f  unsaturated alipbatie compounds 
with pyridine and bromine or iodine monochloride 

to give a-halo-alkylpyridinium quaternary halides was 
established definitely for the cyclic aIkenes, eyclo- 
hexene and eyclopentene by Hayes et al. in 1950 (1). 
Earlier (1924), Barrnett  et al. (2) had obtained a 
crystalline quaternary pyridinium bromide from cy- 
clohexene, pyridine and bromine. They reported 
crystalline pyridinium quaternaries with pyridine and 
broufine from anethole, isosafrole, stilbene, einnamic 
acid and its methyl and ethyl esters. The compound 
from cyclohexene was considered to be: 

.© 
~_N Br- 

Br 
They also reported that "quaternary formation prob- 
ably occurred" with ethylene, undeeenoic acid, sty- 
rene, maleie, aeonitic, itaeonie and citraconie acids, 
as well as anethole and isosafrole. They stated that 
the following compounds "underwent  bromination" 
(presumably without quaternary formation): oleic 

1 Presented  at the Fall AOCS Meeting, Chicago, 1964. 
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acid, terpineol, camphene, a-ionone, benzylidene ace- 
tone and piperonylidene acetone. 

The later work of Hayes et al. (1) was more de- 
finitive. They studied the reactions of eyelohexene 
and cyclopentene as olefin, With pyridine, isoquinoline 
and quinoline as amines, using bromine and iodine 
monochloride as halogens. With bromine, the yield of 
quaternary increased with excess of amine used, and 
followed the series pyridine > isoquinoline > quino- 
line. Iodine monoehtoridc gave higher yields than 
bromine. With iodine monoehloride, the anion was 
C1- rather than I-. The reaction did not go via the 
direct addition of halogen to the double bond, followed 
by reaction with pyridine, since neither ],2-dibrmno- 
cyelohexane nor 1-iodo-2-bromocyclohexane reacted 
with pyridine under the conditions used. The pro- 
posed mechanism was : 

I I + X Y  
/ 

Olefin Halogen 
;X + N 

> )'IX + + Y - 

) 

+// 

^ Quat. halide 

~]~'X Dihalide 
The structure of the cyclohexene, pyridine, bromine 

reaction product was proven to be 1-(trans-2-bromo- 
eyclohexyl) pyridinium bromide by hydrogenation 
to the piperidinium salt, and hydrolysis to the known 
1-(trans-2-hydroxycyclohexyl) piperidine, with re- 
tention of configuration due to neighboring group 
effeet. 

+~-% 

J ~ B r  Br 
H2 ~ A~(S]. / 

OH - ~ / ' ~ O H  

I-  ( trons - 2 -  hydroxycyclohexyl 

piperidene 

This proposed mechanism seems quite satisfactory 
for the cycloalkenes described by them and Js un- 
doubtedly the same with the noneyclic olefins to be 
described. 

In neither of these previous studies was chlorine 
alone used as the halogen. The first step is apparently 
the addition of a positive halogen to the double bond, 
as shown by Hayes'  work, where the more positive 
iodine added, and the more negative chlorine was the 
anion of the quaternary. Since chlorine is more nega- 
tive than either bromine or the iodine of IC1, it was of 
some interest to determine whether this quaterniza- 
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T A B L E  I 

P y r i d i n i u m  Q u a t e r n a r y  Syntheses  

Unsa t .  Cpd. Used  a 

Ana lyses  

Tonic Total  Tota l  
chloride chloride n i t r o g e n  anl ine 

% % % No. 
Me. oleate ( c rude  p r o d u c t )  6.5 ( 7 . 9 5 )  b 
Me. oleate (prod.  pu r i f i ed )  7 . 8 5 ( 7 . 9 5 )  
Oleic acid 8.7 ( 8.2 ) 
Me. O lea t e "  14.8 (14.9  ) B r  
Me. Oleate d 5.5 ( 7.7 ) 
Me. Oleate e 
Oleic amide  ( c rude  p roduc t )  10.5 ( 8.2 ) 
Oleic amide  (prod.  pur i f i ed)  8.4 ( 8.2 ) 
~[e. l inoleate 10.8 ( 1 1 . 9 )  
1 -0c tadeeene  8.75 ( 8 .84)  
Me. oleate @ MeO:H (Qua t .  l aye r )  6.9 ( 7.9 ) 

B ioe ida l  act .  
p p m  

Iod ine  
va lue  E. eoli N[. pyog.  

1 5 . 9 ( 1 5 . 9 )  2.0 (3 .1)  1 0 2 ( 1 2 6 )  0.0 500 500 
1 5 . 7 ( 1 5 . 9 )  3 . 0 1 ( 3 . 1 )  1 2 3 ( 1 2 6 )  
1 7 . 2 ( 1 6 . 5 )  3.3 (3 .2)  1 4 2 ( 1 3 0 )  dis  

2 .4  (2 .6)  1 0 3 ( 1 0 5 )  0.2 500 500 
15.1 (15 .4 )  1 . l  (3 .0)  8 9 ( 1 2 2 )  2.5 
1 3 . 4 ( 1 4 . 3 )  2.6 (2 .4)  8 7 ( 1 1 3 )  O.0 
1 9 . 8 ( 1 6 . 4 )  6.8 (6 .3)  1 7 3 ( 1 2 5 )  
1 8 . 5 ( 1 6 . 4 )  1 1 7 ( 1 2 5 )  0:0 200 100 
2 3 . 4 ( 2 3 . 9 )  4.3 (4]7)  1 7 7 ( 1 8 9 )  0.0 500 500 
1 7 . 0 ( 1 7 . 6 )  3.4 (3 .5)  1 4 0 ( 1 3 0 )  0.O 50 25 
1 7 . 8 ( 1 5 . 9 )  2.6 (3 .1)  1 1 0 ( 1 2 0 )  

P y r i d i n e  used  as base  and  chlor ine  as ha logen  except  as noted.  
b Theore t ica l  va lues  in pa ren theses .  
c B r o m i n e  as halogen.  
a 3" Pieol ine  as base. 
e Quinol ine  as base. 

tion could be done with chlorine alone, and also 
whether -it went well with an internal  double bond 
as in oleate and linoleate. 

In the present s tudy this reaction has been applied 
to methyl oleate, oleie acid, methyl lino!eate, oleie 
amide, and 1-octadeeene, as olefins, using chlorine and 
bromine as halogens; pyridine, quinoline, and 7-pico- 
line as bases. The formation of qua ternary  compounds 
was confirmed by chemical analyses and inf rared  
spectroscopy. Pyr idine  (or derivative) was used as 
a solvent and reactant,  giving a large molar rat io 
of amine to olefin to favor the desired reaction. 
Chlorine was added as a gas or as a solution in 
carbon tetraehloride. With  methyl oleate it was shown 
that  the quaternization does not go via the dichloride, 
since, methyl 9,10-dichlorostearate did not react with 
pyridine. 

When methanol was used with pyridine on methyl 
oleate, a competitive reaction occurred. However an 
appreciable amount of qua ternary  was formed:  

R R' 
I I 

C-, + C - O C H 3  
I ~Cl + CH 3 0 H  : ! 

C" C - C l  
I I 

R' R' 

÷.,_% : 

C - C l  
I 
R' 

The same s t ructure  could result from reaction of 
methyl hypoehlorite (from methanol plus chlorine) 
with the double bond. 

Some of these quarternaries showed significant bac- 
tericidal action against E. coli and M. pyogenes. 

Experimental  
Analytical Methods 

Inf ra red  curves were run with a Beckman IR-4 
spectrophotometer, usually on thin films (TF) .  Ionic 
chloride was determined by volumetric t i tration. 
Total chloride was determined by Pa r r  bomb corn- 

bustion. Per  cent N was determined by the Kjeldall  
method. 

"To t a l  Amine No."  was determined by t i tration 
with perchlorie a d d  in acetic acid, af ter  adding 
mereurie acetate to an aeetie acid solution of the 
quaternary,  with crystal violet indicator, or a glass 
electrode (3). This method would also t i t rate  any free 
amine (pyridine)  or amine hydroehloride, as well as 
the quaternary  chloride. 

Iodine nmnber was determined by the Wijs 1/2 hr 
method, with addition of 2.5 g of sodium lanryl  sul- 
fate before the final t i tration, to improve the end- 
point color change. 

Bioeidal activity was determined by the method of 
Ruehle and Brewer (4). The results are t h e  lowest 
concentrations found to give a high kill (0-100 count) 
af ter  a 5 rain exposure. 

Preparation of Quaternary Compounds 
The general method of preparat ion is i l lustrated by 

the following details on the reaction of methyl oleate, 
pyridine and chlorine: ~'[ethyl oleate (91% by GLC),  
20 g (0.068 mole) was dissolved in 350 g of pyridine 
(4.4 mole) ,  kept at - 2 0 C  while 7.0 g of chlorine 
(0.099 mole) was bubbled into the mixture  with 
st irr ing and for 1 hr thereafter .  Af ter  warming up 
to room temperature  dur ing 1 hr, the reaction mixture 
was diluted with 300 ee of water, extracted with 3 
portions of Ctt2C12 (250, 150, 150 re).  The CH2C12 
solution of the quaternary  was washed with 6 ~  HC1 
to acid reaction of the aqueous phase, then with water 
to neutra l i ty  of the aqueous phase. The CH2012 
solution was dried over MgSO4 and str ipped under  
vacuum to give 31.8 g (104% theory) of crude prod- 
net, a dark, ~iseous oil (Table I ) .  

A composite of a number of similar runs was 
fur ther  purified by dissolving in 7 parts  of CII2C12, 
washing with excess 3M HC1, then with water, dry ing  
over Mg S Q ,  str ipping off most of the CH2C12, and 
precipi tat ing by adding 10 parts  of ether and de- 
canting the ether layer. The precipitated oil was 
freed of solvent under  vacuum (Table I ) .  

The following reactions were similarly made: oleie 
acid, pyridine, chlorine; ntethyl linoleate, pyridine,  
chlorine, and oleamide (at 2C), pyridine and chlorine, 
using ether or ether plus petroleum ether precipita- 
tion of the quat from the CH2C12 solution. In  three 
reactions (a, oleate, pyridine,  bromine; b, oleate, 7- 
pieoline, chlorine; c, oleate quinoline, chlorine), the 
ether precipitation step was omitted, and a small oily 
upper  layer was observed on top of the str ipped 
quaternary  compound. The oily layer  was removed by 
decantation. I t  was probably diehloro (dibromo) 
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Fro.  3. I n f r a r e d  spect re  of quats  from Me • o]eate and oleamide. 

Fro.  1. I n f r a r e d  spectra  of  reference compounds. 

stearate  since I R  showed no quaternary .  The octade- 
cene, pyridine,  chlorine quaternization was run  at 
2C, since the olefln crystallized out at  a lower tem- 
perature.  The reaction mixture,  on being poured 
into 2 volumes of ether gave a solid precipta te  which 
was filtered and fu r the r  purified by s lurrying with 
acetone and filtering, repeated several times. 

The reaction of pyr idine and chlorine on methyl  
oleate in the presence of methanol was made with 
methyl  oleate 30 g (0.101 mole), pyr idine 250 g 
(3.18 mole) and methanol 100 g (3.12 niole) at - 2 0 C  
with chlorine gas, 8 g (0.113 mole). The reaction 
mixture,  af ter  coming to room tempera ture  was 
poured into 900 ee of ether, and cooled. The uppe r  
ether layer was removed and s t r ipped to give 20 g 
of an oil which inf ra red  showed to have a strong 
OCHa band at  9.06 /~ (Fig. 4). The precipi tated 
qua te rnary  was fu r the r  purified by dissolving in 
CIIfC12, precipi tat ion with ether plus petroleum ether, 
dissolving in CH2C12, washing with dilute HC1, then 
with water, drying and stripping. The result ing prod- 
uct 16 g (36% yield) was the expected quaternary,  

? ? ? r ? ? '~ " " '~ " 
I I I I 

:i 
g 

~ ] 6 Micror~s 

, ; ? I ? ? ,,o ,,, ,= ,,~ ,,, 

FIG. 2. I n f r a r e d  spectra  of  quats  f rom Me • oleate, oleic acid. 

according to chemical analyses and IR. 
• ¥[ethyl dichlorostearate and pyr id ine :  Methyl di- 

chlorostearate 10 g (0.027 mole), pyr idine 4 g (0.051 
mole) in 100 ml of ether was refluxed for  6 hr  and 
allowed to stand overnight at room temperature .  
Af ter  s t r ipping  off the ether, the product  dissolved 
completely in CH2C12, was washed with dilute HC1, 
then water,  dried and str ipped.  The resulting' product  
showed no signs of pyr id ine  or pyr id in ium quaternary  
by IR, but resembled the original dichlorostearate. 

In  F igures  2, 3, and 4 the significant bands of pyr i -  
dine (13.4 /~) and of pyr idine hydrochloride (4.0, 
4.7, 5.0 /~) are shown as inserts at the top of the 
figure for convenience in comparison with the spectra 
of the p repared  quaternaries.  

Discussion 
The results of the chemical analyses of the produets 

are shown in Table I, and are in fa i r ly  good agree- 
ment with theory with few exceptions. 

The inf rared  curves of the products are shown in 
Figures  1, 2, 3, and 4. Most of these were run as 
thin films, and all of the pyridine qnats show the 
band at 12.6-12.8 ~, which is seen in the known lauryl  
pyr id in ium quat, but  not in pyridine or pyridine 

;, 
V' ' Vv s . ~  

I I I I/k% ~ Ester  Fract ion I 

Microns 
. ,~ ? ? ? I ? ? ,o ., ,~. ,~. ,., 

PIG. 4. Infrared spectra of quats from dodeeane, Me • oleate, 
and non-quat ester fraction from methyl oleate with methanol. 
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hydrochloride. In  the ,/-picoline quaternary,  this band 
is apparent ly  shifted to 11.9 /,, and in the quinoline 
quaternary  to 12.0/,. No standard picoline or quinoline 
quaternary  compounds were available for  comparison. 
The absence of free pyridine is shown by the absence 
of bands at 13.2-13.3 /,, and the absence of pyridine 
hydroehloride by the absence of bands at 4.0-4.8, 5.0 
/,. The band at 14.4-14.6 /, is common to pyridine, 
its hydroehloride, as well as the pyridinium quater- 
na ry  compounds. The C=O of the ester, acid or amide 
at 5.8-5.9 /~, is evident in all of the quaternary  com- 
pounds except that from oetadeeene and the lauryl  
pyr idinium chloride standard. 

The y-pico]ine product  is quite low in all analyses 
except total chlorine, suggesting contamination with 
the dichlorostearate. The crude oleic amide product  
would appear  to be Contaminated with pyridine hydro- 
chloride. The purified product  is in better agreement 
with theory. The ester fraction from the reaction of 
methyl oleate plus methanol with pyridine and 
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chlorine is probably contaminated with pyridine (14.6 
/, band) .  

The bactericidal power of the d iquaternary  f rom 
methyl linoleate was no better than that of the mono- 
quaternary from oleate. The quaternary from oleie 
amide was somewhat better, and the quaternary front 
oetadecene-I was the best. 
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Thin-Layer Chromatography of Aliphatic y- and  -Lactones 
GERDA URBACH, Division of Dairy Research, C.S.I.R.O., Melbourne, Australia 

Abstract 
Homologous aliphatic 7- or 8-1actones are sep- 

arated by thin-layer chromatography on a mix- 
ture of kieselguhr G and silica gel G (1:8) .  
The thin-layer plates are chromatographically 
impregnated with methanol as the stat ionary 
phase and developed 3 times with light petroleum 
(bp 80-100C) saturated with methanol. 7- And 
8-1aetones can be separated from each other on 
the same adsorbent with a 1:1 mixture of light 
petroleum (bp 30-40C) and isopropyl ether. 
The systems can be combined 2-dimensionally. 
The laetones are detected by spraying the chro- 
matoplates either with a 2% solution of iodine 
in methanol or with alkaline hydroxylamine fol- 
lowed by ferric chloride and acetic acid. These 
methods were used for the tentat ive identifica- 
tion of ~-Clo-~6 laetones in commercial Austral ian 
bntteroil. 

Introduction 

T H E  L A C T O N E S  C O N T R I B U T I N G  t o  butter  flavor have 
been separated by gas chromatography (2,14) and 

either as the free compounds or as anilides or hy- 
droxamic acids by paper  chromatography (14,2,5,6). 
The thin-layer chromatography (TLC) of free a,fl- 
unsatura ted  aliphatie ,/-C~4-~6 lactones has been in- 
vestigated by Kaufmann  and Su Ko (4) but  their 
system does not separate laetones be]ow C~4. Korte 
and Vogel (7) separated various C4-s lactones on 
silica gel G using isopropyl ether as solvent. This 
and similar systems have been used in the present 
investigation for  the separation of 7- from $-laetones 
and for the separation of y-C4. 5 ~ 6 lactones from each 
other. Korte ' s  system does not separate higher ho- 
mologous lactones. 

Tharp  and Pat ton  (14) separated the free 8-deca- 
f rom the 8-dodecalaetone by paper  chromatography 
using the upper  phase of a 2:1 mixture of heptane: 
methanol as mobile phase and the lower phase as the 

equilibrating phase. This formed the basis of the 
thin-layer part i t ion system described in the present 
paper  for  the separation of homologous laetones 
above C> The mobile solvent used in the present 
investigation was light petroleum (bp 80-100C) satu- 
rated with methanol, on plates consisting of 1 par t  
of kieselguhr G to 8 parts  of silica gel G. The plates 
were impregnated with methanol. Methanol impreg- 
nation was found essential; without it the lactones 
remained near the start ing point, presumably due to 
excessive adsorption. Kieselgnhr G was added to the 
silica gel G to reduce adsorption. A n y  fur ther  reduc- 
tion in adsorptive capacity reduced carrying capacity 
below detectable limits or caused trai l ing due to 
overloading when detectable amounts of material  were 
u s e d .  

In  a pure  part i t ion system, i.e. where Re = 1/1 + 
As 

~A~-L (3),  reduction in the quant i ty  of s tat ionary 

phase increases Re values. However, in TLC on 
silica gel reduction of stat ionary phase also bares 
adsorption sites and so reduces Rf values due to 
increased adsorption. Therefore, maximum Re values 
will be achieved with the minimum amount of sta- 
t ionary phase which still covers all adsorption sites. 
The optimum amount of s tat ionary phase was deter- 
mined experimentally. 

Since both phases of the part i t ion system are vola- 
tile, it was possible to obtain a two-dimensional sepa- 
rat ion of mixtures of 7- and 8-1actones, with the first 
direction for homolog separation and the second for 
class separation. 

Experimental 

S o u r c e  o f  R e f e r e n c e  T,actones  

7-Lactones were obtained from the following com- 
mercial sources and used without fu r ther  purifica- 
t ion: y-C4~5 lactones from L. Light  & Co. Ltd., 
Colnbrook, Bucks., England ;  ~,-C6 laetone from Tokyo 


