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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 
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Isopropyl  ether contains hydroquinone as stabilizer 
and this causes a band approximate ly  Rf 0.0-0.3 
which is stained pale brown with iodine. Although 
this does not interfere with chromatography clearer 
photographs  were obtained with redistil led isopropyl 
ether. As a routine procedure the use of redistilled 
isopropyl ether is not advisable because of the ready 
formation of explosive peroxides in pure  isopropyl 
ether. 

Preparation of Thin-Layer Plates  

Desaga (Heidelberg, Germany)  equipment  was used 
throughout.  

Thin- layer  plates were p repared  f rom a s lurry of 
36 g solid (1 par t  of kieselguhr G to 8 par ts  of silica 
gel G) and 72 ml distilled water,  and were air or oven 
dried. Af te r  oven drying,  plates were allowed to 
equilibrate with the atmosphere for about 2 hr before 
rise. 

Fro. 1. Partition separation of (A) 7-C~.r..,.~-H laetones and 
(B) ~-C8-~.~ laetones. Detection--2% I2 in MeOH. (Impurity 
between 2nd and 3rd front.) 

Kasei Kogyo Co. Ltd., 14-6 Toshima Kita-Ku,  Tokyo ; 
,/-Cs~, lO laetones f rom Aldrich Chemical Co. Inc., 
Milwaukee, Wis.;  y-C9 ~ ll laetones were gifts from 
W. J.  Bush & Co. Ltd., Melbourne, Australia.  

~-Lacto,~es were not eommereially available. ~-Cs 
Laetone was a gift  f rom Dr. M. F. Anscll of Queen 
Mary College, Universi ty  of [Jondon. ~-C, ~ ~t Lae- 
tones were gifts f rom Dr. l~. R. Mattiek of Cornell 
Universi ty,  Geneva, N. Y. ~-Cle~ ~2 I~actones were 
gifts f rom Dr. J. Boldingh, Unilever Research I~ab- 
oratory,  Vlaardingen,  The Netherlands.  

$-Tridecalaetone and ~-pentadecalaetone were pre- 
pared  by the NaBH4 reduction of the corresponding 
ketoaeids dissolved in 5% aqueous NaOH and lae- 
tonization of the resulting" hydroxyaeids (10,11,8,9, 
13,17). 

$-Tetradecalactone was prepared  in very low yield 
by the a luminum isopropoxide reduction of 5-keto- 
tetradecanoie acid N-methylamide (9). 

All $-laetones were purified by gas chromatography 
on a 100 × 0.4 cm I.D. column of 20% Apiezon M 
on acid and alkali washed 60-80 mesh Enlbaeel (14). 
The column tempera ture  was 210C and the flow rate  
was adjusted so that  the retention time was not less 
than 3 min. 8-Laetones had a tendency to hydrolyze 
to the free hydroxyacid  on standing but  gas chroma- 
tog raphy  reeonverted them to the laetones (1) pro- 
viding the retention time was at least 3 min. 

Solvents 

All solvents were commercial  Analyt ical  Reagent 
quali ty and were used without  fu r the r  purif ication.  

Detection 

[,actones were made visible either: 

1) by spraying  with a 2% solution of iodine in meth- 
anol which gave brown to purple  spots on a white 
background,  or 

2) by using a modified Kor te ' s  (7) reagent  consisting 
of 

a) equal vohnnes of 
i) 5% I Iydroxylamine  hydroehloride ill meth- 

anol ; 
ii) 12.5 g Na()H dissolved in the minimum vol- 

ume of water made up to 100 ml with meth- 
anol. The solution was decanted from the 
precipi tated NaC1. I t  was used on the day 
it was prepared.  

b) 1% FcCla in methanol ;  
e) glacial acetic acid. 

The ehromatogram was sprayed heavily with solution 
(a) and left for at least 10 min. I t  was then sprayed 
with the 1% FeCla solution (b) till uni formly  brown 
and then with glacial aeetie acid (c) till the brown 
background faded and compounds containing RCOOR'  
showed up as orange spots on a white background. 
The orange changed to yellow as the acetic acid evapo- 
rated but  could be restored by spraying  again with 
acetic acid. 

Iodine spray  detects about 4 ~g lactoncs above Cs 
and is about 5 times as sensitive as I2 vapor.  I., spray  
is more sensitive than the ferric hydroxamate  reagent 
for laetones above Cs, while the ferric hydroxamate  
reagent  is more sensitive for  shorter chain laetones. 
Routinely, ehromatograms were first sprayed  with 
I.~ and af ter  evaporation of the I,), with the ferric 
hydroxamate  reagent. 

Separation of Homologous Series by Partit ion TLC 

For  the separation of homologous series, it wa~ 
necessary to saturate  the tank with both mobile (light 
petroleum bp 80-100C satura ted  with d ry  methanol) 
and s ta t ionary  (methanol) phases. Saturat ion with 
mobile phase was achieved in the conventional manner  
by lining the tank with filter pape r  d ipping  into the 
l ight petroleum phase. Saturat ion with methanol 
was aehieved by placing in the tank  a hollow glass 
tube filled with cotton wool sa turated with methanol. 
The tube, about 18 em long and about 2 em in diam- 
eter, open at  both ends and perfora ted  with a large 
number  of holes 0.75 em in diameter, was fused to 
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two 15 cm long vertical rods which supported it in 
a horizontal position against  the top of one of the 
long walls of the tank. 

The TLC plates were impregnated with methanol 
by ascending chromatography and compounds were 
applied with the spott ing plate covering the TLC 
plate to minimize evaporation of the methanol. Af te r  
spotting, the TLC plate was exposed to the atmo- 
sphere for 3 rain and then developed for 10 rain. The 
plate was removed, the solvent f ront  marked, and 
solvent evaporated till the plate looked damp. De- 
velopment and solvent removal were repeated twice. 
Between developments, the light petroleum should be 
removed, but  not the methanol. I f  too little solvent 
has been removed, the solvent f ront  will not be visible 
in the subsequent development, al though a satisfac- 
tory ehromatogram may still be achieved. Markers, 
p re fe rab ly  internal, must  always be used with this 
system because Rr values are very variable. 

F igure  1 shows an example of the separation of 
7-C4, ~, 6, S-ll lactones (A) and ~-Cs-15 laetones (B) .  
All the ~-lactones and 7-C6, S:~l laetones separate 
clearly f rom one another. The 7-C~ ~ ~ lactones form 
one spot of low Rf, but they separate clearly in the 
adsorption system described below. 
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S e p a r a t i o n  of  ~/- f r o m  6-Lactones by Adsorption TLC 

In  adsorption systems 3-1actones have somewhat 
lower R~ values than the corresponding ~,-laetones, 
due to a more strained r ing and hence greater  po- 
larity. I sopropyl  ether, 2 %  acetic acid in isopropyl 
ether, and mixtures  of diethyl ether and light pe- 
troleum, all on silica gel G have been used success- 
ful ly in this laboratory for  class separation.  

The adsorption method was used for the isolation 
of ~-lactones f rom a cold finger distillate of commer- 
cial Aust ra l ian  butteroi]. The cold finger was washed 
with chloroform and the chloroform solution streaked 
along the s tar t ing line of several 0.5 mm thick silica 
gel G plates. The plates were developed with 2% 
acetic acid in isopropyl ether in an unlined tank. 
The bands were detected with I2, their  outlines marked, 
and af ter  evaporation of the I.) the $-lactone area was 
scraped off with a " v a c u u m  c leaner"  (15) and the 
lactones eluted with diethyl ether. Some of this solu- 
tion was evaporated onto K B r  for I R  spectroscopy. 
The spect rum was similar to those of 3-C1~, 14, 1~ lac- 
tones recorded in these laboratories with bands at 
932, 1053, 1175, 1245, and 1743 cm -1 (Beckman IR7) .  

In  order to combine class and homolog separat ion 
in a 2-dimensional procedure,  a system using the 
mixed adsorbent  layer was developed. A 1 : 1 mixture  
of isopropyl ether and light petroleum (bp 30-40C) 
separates the ~- and 8-1aetones which are not sepa- 
rated in the par t i t ion system described in the previous 
section, and separates y-C~, 5 ~ ~ lactones f rom each 
other. For  wide separat ion on ly  one plate at a time 
should be developed in an unlined tank. Two plates 
in the t ank  produce complete sa turat ion in the same 
way as lining the tank  with filter paper .  This reduces 
lge values and decreases separations. F igure  2 shows 
the separat ion of ~,-C4, 5, a, s, 11 lactones (A) and of 
~-laetones (B) ,  (C) and (D).  The plate  was developed 
to the top edge. All the 8-1actones shown have lower 
Rr values than ~,-lactones below C8. 

T w o - D i m e n s i o n a l  P r o c e d u r e  

Figure  3 shows the two-dimensional separation of 
"/-C4, ~, 6, s ,  lo and ~-Cs, lo, 12 ~, 14 lactones. As in the 

FIG. 2. Class separation by adsorption chromatography (A) 
5-Clo plus trace of 5-1~ lactones; (B) 5-C9~1~ laetones; (C) 8- 
Cs~l~ laetones; (D) "1'-C~,~,6,8m lactones. Detect ion--2% I2 in 
MeOH. Note : The concentration of 3'-C,~5 a ~ lactones is approx. 
10 × that of the other lactones. 

FIG. 3. Two-dimensional separation of ~'-C4,~,~,s,lo and 8- 
Cs,lo,~2,14 lactones. Detection--2% I,., in MeOH. 

one-dimensional par t i t ion procedure for  separat ing 
homologs, the plate was first chromatographical ly  
impregnated  with methanol and the mixture  applied 
wi th  the spott ing plate covering most of the TLC 
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plate .  (Marke r s  for  the sepa ra t ion  of homologs can 
be p laced  at  the o ther  edge of the p la te  a t  this stage.)  
The  p la te  was then  e h r o m a t o g r a p h e d  acco rd ing  to 
the p a r t i t i o n  p rocedure  descr ibed above. A f t e r  the 
t h i rd  deve lopment ,  the so lvent  was evapo ra t ed  com- 
p le t e ly  and  the p la te  was deve loped  in the seeon;l 
d i rec t ion  in an un l ined  t ank  w i t h  the 1 : 1  mixtur . ,  
of l i gh t  p e t r o l e u m  (bp 30-40C)  and  i sopropy l  ether.  

F i g u r e  4 shows the p a r t i t i o n  separa t ion  of ( A ) - -  
an  homologous series of 8-Cs_1~ lactones,  ( B ) - - a  sam- 
ple of the 8-1aetones isolated f r o m  commerc ia l  top 
qua l i t y  A u s t r a l i a n  but teroi l ,  and  a m i x t u r e  of (A)  
and  (B) .  (B)  shows two s t rong  spots and five f a in t e r  
spots  t e n t a t i v e l y  ident i f ied  f r o m  the i r  Re values  as 
8-C12 ~ 14 and  8-Cl0, 11, 13, 15 ~ ~6 lactones,  respec t ive ly .  
( I n  the syn the t ic  m i x t u r e  an i m p u r i t y  is vis ible  be- 
tween  8-C12 ~ 13 lactones.)  To the eye the f a i n t  spot:~ 
were  f a r  more  c lear ly  visible t h a n  they  a p p e a r  on the 
pho tog raph ,  bu t  at  t ha t  s tage p a r t  of the chromato-  
g r a m  st i l l  had  so much  12 on i t  t h a t  o ther  sect ions of 
the c h r o m a t o g r a m  could not  be c l ea r ly  pho tographed .  
Some of the f a i n t  spots are  shown more  c lear ly  in 
F i g u r e  5 which  is a 2-dimensional  c h r o m a t o g r a m  of 
the  bu t t e ro i l  8-1actones. The  e h r o m a t o g r a m  has pur -  
posely  been over loaded.  Befo re  c h r o m a t o g r a p h y  in 
the second direct ion,  marke r s  fo r  Glass sepa ra t ion  
were  added  at  the r i gh t  hand  edge of the chromato-  

Fro. 4. Homolog separation of (A) ~-Cs-15 lactones (B) a 
sample of &lactones isolated from top grade Australian butter- 
oil. (Impurity between 8 - C ~  lactones.) Detec.tion--2% I~ iu 
MECH. 

VOL. 42 

FIG. 5. (A) Two-dimensional chromatogram of butteroil 8- 
lactones, (B) Glass separation of butteroil ~-laetones, (C) class 
separation of ~/-C~,~.11 and ~-C12 lactones. 

grain,  (B)  bu t t e ro i l  3-1aetones, (C)  7-C4, 5, 11 a n d  
3-C12 lactones. This  e h r o m a t o g r a m  prov ides  a f u r t h e r  
i l l u s t r a t i on  of the use of the two-d imens iona l  pro-  
cedure  and, t aken  in con junc t ion  wi th  F i g u r e  4, 
suppo r t s  the t e n t a t i v e  ident i f ica t ion  in the bu t t e ro i l  
of ~-Clo, 12, 14 ~ 16 lactones.  I t  also shows two f a i n t e r  
spots possibly co r r e spond ing  to ~-Cs ~ 5 lactones. F u r -  
the r  phys ico-chemical  da ta  are  necessary  for  the  
complete  ident i f ica t ion  of these compounds .  

Separa t ion  on M i c r o p l a t e s  

Good class and  homolog separa t ions  were  also ob- 
t a ined  on mic rop la tes  (12) p r e p a r e d  by d ipp ing  two 
microscope  slides back to back into  a suspension of 
35 g of adsorben t  in 100 ml of a 2 : 1  m ix tu r e  of  
ch lo ro fo rm and  methanol .  W h e n  micropla tes  a re  
used, p r io r  i m p r e g n a t i o n  wi th  me thano l  for  the ho- 
molog separa t ion  is not  neeessary,  p a r t l y  because the 
l a y e r  st i l l  con ta ins  some me thano l  due  to the w a y  i t  
was made  and  p a r t l y  because, be ing  much  t h i n n e r  
than  layers  on l a rge  plates,  equ i l ib ra t ion  wi th  meth-  
anol  is a lmost  ins tantaneous .  Fou r -ounce  wide-necked 
r eagen t  bott les were  used as deve lopmen t  chambers  
and  s a tu r a t i on  wi th  methanol  was achieved by in- 
se r t ing  a me thano l  s a tu ra t ed  co t ton  wool p lug  in the 
lid. Methods  of de tec t ion  are m u c h  more  sensi t ive 
on microp la tes  t han  on the l a rge  plates.  
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