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QUANTITATIVE SEPARATION OF ETHER-SOLUBLE 
A C I D I C  AND NEUTRAL MATERIALS 

Duane F. Zinkel 

Forest  Products  Laboratory, '  Fo res t  Service 
U.S. Department of Agr i cu l tu re  

Madison, Wisconsin 53705 

ABSTRACT 

The s e p a r a t i o n  of n e u t r a l  from a c i d i c  components of 
l i p o p h i l i c  materials (e.g. ,  e t h e r  e x t r a c t i v e s ,  r o s i n s ,  t a l l  o i l )  
can be accomplished r a p i d l y  and q u a n t i t a t i v e l y  without chemical 
a l t e r a t i o n  of t h e  components using DEAE-Sephadex. Details and 
a p p l i c a t i o n s  of t h e  methodology are p resen ted .  

INTRODUCTION 

L ipoph i l i c  e x t r a c t i v e s ,  such as  t h e  d i e t h y l  e t h e r  

e x t r a c t i v e s  of m o d ,  u s u a l l y  are complex mix tu res .  I n  o r d e r  t o  

ana lyze  a n  e x t r a c t i o n  mixture  or  t o  i s o l a t e  components f o r  

f u r t h e r  i d e n t i f i c a t i o n ,  s o m e  f r a c t i o n a t i o n  i s  a p r e r e q u i s i t e .  

One of t h e  f i r s t  s t e p s  i n  t h e  classical  approach i s  t o  e f f e c t  

c l a s s  s e p a r a t i o n  based on t h e  a c i d i t y  of t h e  components. Thus, 

t h e  s e p a r a t i o n  of n e u t r a l s  from a c i d s  invo lves  p a r t i t i o n  o f  t h e  

n e u t r a l  components i n t o  a water-immiscible s o l v e n t ,  and the  

a c i d s  as salts  ( u s u a l l y  sodium s a l t s )  i n t o  a n  aqueous phase.  

Th i s  classical approach is not adap tab le ,  however, f o r  

q u a n t i t a t i v e  s e p a r a t i o n  of e x t r a c t i v e s  such as from c o n i f e r s  
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132 ZINKEL 

Sample 

1, Weak Acids Strong HCOOH Acids Neutral Components 
(hydrocarbons, alcohols, ( f a t t y  ac ids ,  
e s t e r s ,  e t c . )  r e s i n  acids) 

FIGURE 1 General scheme f o r  t h e  s e p a r a t i o n  of a c i d s  and n e u t r a l s .  

DW-Sephadex 

because of problems a s s o c i a t e d  w i t h  t h e  c h a r a c t e r i s t i c s  of soap 

(sodium salts of water- insoluble  f a t t y  and r e s i n  a c i d s )  
L 

s o l u t i o n s .  To avoid such problems, a method w a s  developed that 

provides a rap id  and q u a n t i t a t i v e  s e p a r a t i o n  of e ther -so luble  

a c i d i c  and n e u t r a l  materials (Fig.  1). In  summary, t h e  method 

c o n s i s t s  of (1) t h e  prepara t ion  of a column of DEAE-Sephadex 

(diethylaminoethyl-Sephadex) as t h e  f r e e  base using an  organic  

solvent  system, ( 2 )  a d d i t i o n  of a sample t o  t h e  column, 

(3) e l u t i o n  of t h e  n e u t r a l  components, ( 4 )  e l u t i o n  of weak a c i d s  

such a s  f a t t y  and r e s i n  a c i d s  w i t h  carbon dioxide-saturated 

s o l v e n t ,  and ( 5 )  e l u t i o n  of s t rong  a c i d s  w i t h  formic ac id .  The 

method has  become t h e  corners tone  of a n  a n a l y t i c a l  scheme f o r  

t a l l  o i l  precursors3 used at  t h e  Fores t  Products  Laboratory and 

i n  many o t h e r  l a b o r a t o r i e s .  

experience w i t h  the DEAE-Sephadex separa t ion  method that has been 

acqui red  s i n c e  p u b l i c a t i o n  of t h e  b r i e f  note o n  t h e  method i n  

1964. 

This  r e p o r t  reviews l a b o r a t o r y  

MATERIALS METHODS 

General Concepts 

Ion exchange chromatography i s  an obvious approach t o  e f f e c t  

t h e  s e p a r a t i o n  of  n e u t r a l  from a c i d i c  materials. 

r e s i n s ,  however, are u n s a t i s f a c t o r y  i n  nonaqueous systems because 

Lon exchange 
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SEPARATION OF ETHER-SOLUBLE MATERIALS 133 

of poss ib le  r e s i n  bleeding in to  the  organic  solvent  and r e su l t an t  

contamination of t he  f rac t iona ted  so lu t e s .  Although DEAE- 

c e l l u l o s e  can be used t o  separa te  neu t r a l s  from ac ids ,  ion 

exchange capac i ty  is l imi ted  and t h e r e  is  d i f f i c u l t y  in packing 

columns with the  fi lamentous DEAE-cellulose. These d i f f i c u l t i e s  

are g rea t ly  diminished when the  cross-linked dextran der iva t ive ,  

DFAE-Sephadex, i s  used as  packing material. 

DEAE-Sephadex is used i n  the  free base form wi th  a solvent  

system of d i e thy l  ether:methanol:water i n  the  r a t i o  of 89:lO:l. 

The d i e thy l  e ther  is the primary solvent  f o r  the  l i poph i l i c  

materials, and the  methaml is necessary to  e f f e c t  ion exchange. 

The small amount of water represses  the  t r a n s e s t e r i f i c a t i o n  of 
n 

esters' with methanol that would otherwise occur i n  an anhydrous 

d i e thy l  e ther  :methanol solvent  system. 

An important f e a t u r e  of t he  method i s  the  ease and 

s e l e c t i v i t y  i n  recovery of f a t t y  and r e s i n  a c i d s  from the  column 

by the  simple expedient of e l u t i o n  with carbon dioxide-saturated 

solvent .  Thus, a f a t t y  a c i d i r e s i n  ac id  f r a c t i o n  is obtained 

without being contaminated by a nonvola t i le  e lu t ing  reagent.  

is p a r t i c u l a r l y  important with d i te rpene  r e s i n  ac ids ,  some of 

which ( e .g . ,  levopimaric ac id)  are very suscept ib le  t o  acid-  

catalyzed isomer i z a  t ion. 

T h i s  

Preparat ion of Column Packing Columns 

In  o u r  o r i g i n a l  publ icat ion,2 preparat ion of the base form of 

the  DW-Sephadex w a s  described on a l-g sca l e .  Our current  

p rac t i ce  i s  to  prepare t'ne packing i n  25% batches. Storage f o r  

severa l  months ( i n  a r e f r i g e r a t o r )  does not adversely a f f e c t  t he  

e f f i c i ency  of t he  packing. 

A s l u r r y  of 25 g DEAE-Sephadex A-25 (Pharmacia Fine 

Chemicals, Piscataway, N.J.) i n  water is poured in to  a Buchner 

funnel with f r i t t e d  d i sk  (90- diameter d i sk ;  600-.mL capac i ty) .  
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134 ZINKEL 

The DEAE-Sephadex is  was’hed i n  t h e  funne l  a t  water a s p i r a t o r  

p r e s s u r e  by s l u r r y i n g  s e q u e n t i a l l y  w i t h  200 mL 1N hydrochlor ic  

a c i d ,  400 mL water, 200 mL 1N potassium o r  sodium hydroxide, and 

400 mL water .  T h i s  sequence is repeated twice. T h e  f i n a l  c a u s t i c  

wash, which l e a v e s  t h e  DW-Sephadex i n  t h e  base  form, r e q u i r e s  

thorough washing w i t h  d i s t i l l e d  water u n t i l  t h e  f i l t r a t e  is 

n e u t r a l .  Exchange from water t o  t h e  o rgan ic  so lven t  system is  

accomplished by s l u r r y i n g  the DEAE-Sephadex f i r s t  with 400 mL 
methanol t hen  wi th  200 mL d i e t h y l  e t h e r ,  each  i n  s e v e r a l  p o r t i o n s ,  

with g r a v i t y  f i l t r a t i o n  between each a d d i t i o n .  

t r a n s f e r r e d  t o  a 500-L stoppered Erlenmeyer f l a s k  and 200 mL of 

89:lO:l d i e t h y l  ether:met:hanol:water a r e  added f o r  s t o r a g e  i n  a 

r e f r i g e r a t o r .  

The packing is 

Simple g l a s s  columns were f a b r i c a t e d  for ded ica t ion  t o  DEAE 
Sephadex s e p a r a t i o n s  (Fig.  2 ) .  Column modi f i ca t ions  inc lude  t h e  

a d d i t i o n  of a water j a c k e t  f o r  coo l ing  t h e  column i n  w a r m  

weather, and replacement of t h e  simple c a p i l l a r y  tubing w i t h  a 

c a p i l l a r y  g l a s s  l u e r - f i t t i n g  f o r  ease i n  packing t h e  column. Tne 

c a p a c i t y  of  t h e  0.5- by 15-cm column is about  1.5-g DEAE-Sephadex 

(d ry  b a s i s ) .  

A small wad of f i n e  g l a s s  wool i s  placed i n  t h e  column t o  

support  t h e  Sephadex packing. The column is c l o s e d  a t  t h e  bottom 

and s e v e r a l  m i l l i l i t e r s  of t he  so lven t  added. A small amount of 

t h e  DEAF,-Sephadex s l u r r y  i s  poured i n t o  tile column. After 

al lowing t h i s  packing t o  se t t le  and form t h e  i n i t i a l  bed, t h e  

column is  opened a t  t h e  bottom and a d d i t i o n a l  s l u r r y  added w i t h  

l i g h t  e x t e r n a l  v i b r a t i o n  of t h e  column t o  o b t a i n  t h e  d e s i r e d  

he igh t  of t h e  packed bed. 

4 

Perf o rming t h e  Neu t ra l  s/ Ac i d  s Separat ion 

Sample size.--The size of sample that  c a n  be app l i ed  t o  a 

g iven  DUE-Sephadex column w i l l  depend on  t h e  amount and n a t u r e  
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SEPARATION OF ETHER-SOLUBLE MATERIALS 135 

.-Is cm X I mm i d  

-WATER JACKET 

Mi51898 

FIGURE 2 Column with water jacket  f o r  DEAE-Sephadex separat ions 

of t he  a c i d i c  components i n  the  sample. The ion-exchange 

capac i ty  of t h e  DEAE-Sephadex is l i s t e d  by the  manufacturer at: 

3.5 2 0.5 meq/g. 

t he  a c c e s s i b i l i t y  of t he  ion exchange sites and d issoc ia t ion  of 

t h e  DW-salts a f t e r  formation. The breakthrough capaci ty  f o r  

pure d i te rpene  r e s i n  a c i d s  and higher f a t t y  a c i d s  (MW -300) is 
about 150 mg/g DEAE-Sephadex, dry  bas i s ,  and has been found to  be 

cons i s t en t  f o r  several l o t s  from the  manufacturer. T h i s  

breakthrough capac i ty  will be reduced by the presence of any 

inorganic  o r  l o w  molecular weight organic  ac ids .  

breakthrough capac i ty  is higher f o r  "strong" a c i d s  such as 

cinnamic and benzoic ac ids .  

The practical capaci ty ,  however, i s  l imi ted  by 

The 
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136 ZINKEL 

Sample p r e p a r a t i o n  & introduction.--When samples are 

e s s e n t i a l l y  dry ,  such as wi th  r o s i n s  and t a l l  o i l ,  sample 

prepara t ion  c o n s i s t s  merely of d i s s o l v i n g  a weigned por t ion  of 

t h e  sample i n  a n  a p p r o p r i a t e  a m u n t  of t h e  ether-methanol-water 

so lvent .  

wood or o t h e r  t i s s u e  and, thus ,  c o n t a i n s  a cons iderable  amount of 

water. In t roduct ion  of such s o l u t i o n s  t o  t h e  column w i l l  cause 

s e r i o u s  swel l ing of t h e  DUE-Sephadex wi th  subsequent pressure  

drop and lack of flow through t h e  column. This  can be avoided 

by d i s t i l l i n g  n e a r l y  a l l  t h e  e t h e r  under reduced pressure  and 

phys ica l ly  removing t h e  water l a y e r  wi th  a p i p e t t e .  

s o l u t i o n  of e x t r a c t i v e s  can be t r a n s f e r r e d  t o  an appropr ia te  

volumetric flask, t h e  r e q u i s i t e  amount of methanol added, and 

t h e  f l a s k  then brought to  volume wi th  anhydrous e t h e r .  An 

a l i q u o t  of t h i s  s o l u t i o n  is then appl ied  t o  t h e  DEAE-Sephadex 

column. The water contained i n  t h e  concentrated e t h e r  s o l u t i o n  

s u f f i c e s  t o  avoid t r a n s e s t e r i f  i c a t i o n .  

However, t h e  sample o f t e n  i s  a n  e t h e r  e x t r a c t  of green 

T h e  e t h e r  

For t y p i c a l  a n a l y t i c a l  s e p a r a t i o n s ,  1 t o  1-1/2 g of DEAE- 

Sepnadex, d r y  b a s i s ,  are used (1.5 g d r y  DEAE-Sephadex is 

equiva len t  t o  a 15-m l e n g t h  of 5-rmn-diameter column bed). Since 

t h e  separa t ion  i s  not  chromatographic i n  t h e  usua l  sense, t h e  

sample need not be d isso lved  i n  a minimum volume of s o l v e n t ;  

s o l u t i o n s  conta in ing  a range of 0.1 t o  2% t o t a l  s o l u t e s  r e s u l t  

i n  no d i f f e r e n c e s  i n  breakthrough capac i ty .  A t y p i c a l  sample 

a l i q u o t  c o n t a i n s  125 t o  150 mg of r o s i n  o r  t a l l  o i l ,  o r  150 
t o  250 mg of pine uood e x t r a c t i v e s .  

Column elution.--A 5 0 0 4  round-bottomed f l a s k  w i t h  3 j o i n t  

is used t o  c o l l e c t  t h e  n e u t r a l  f r a c t i o n  from the column. The 

sample s o l u t i o n  is added t o  t h e  t o p  of t h e  column and allowed 

to  flow i n t o  t h e  DEAE-Sephadex bed. Elu t ion  of t h e  n e u t r a l s  is  

completed wi th  an a d d i t i o n a l  100 t o  150 mL of the ether-methanol- 

water so lvent .  I n  this f r a c t i o n  are found t h e  usua l  n e u t r a l s :  

hydrocarbons, aldehydes,  ketones,  a lconols ,  and esters. Babkin 
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SEPARATION OF ETHER-SOLUBLE MATERIALS 137 

and coworkers’ examined the  t o t a l  a c i d i c s  of black l iquor  and 

found that a v a r i e t y  of phenolics having pka > 9 are a l s o  

found i n  t h e  neu t r a l  f rac t ion .  

a very s m a l l  por t ion  of the  n e u t r a l s  from pine sapwood 

ext racz ives ,  ro s in ,  o r  t he  t a l l  o i l  as i so l a t ed  i n  the  Saltsnan- 

Kuiken procedure.6 

f r a c t i o n s  o r  remain on the column, depending upon the  a c i d i t y  

and number of phenolic func t iona l i t y .  

Sucn phenolics c o n s t i t u t e  only 

O t h e r  phenolics can e l u t e  i n  the  ac id i c  

I f  t h e  ac id i c  materials t r ans fe r r ed  t o  the  column exceed the  

breakthrough capaci ty ,  some of them will obviously be found i n  

t h e  neu t r a l  f r ac t ion .  Thus, i t  i s  des i r ab le  to  have a simple test 

t o  monitor f o r  such breakthrougn. For tu i tous ly ,  near ly  a l l  

con i f e r  ex t r ac t s ,  ro s ins ,  and ta l l  o i l  samples contain s m a l l  

amounts of colored material t h a t  Immediately precede the movement 

of t he  weak a c i d i c s  ( f a t t y  and r e s i n  ac ids )  through the column. 

This yellow t o  orange-brown band ( see  Applications and 

Observations sec t ion  f o r  fu r the r  d i scuss ion)  is sharpened and made 

more v i s i b l e  by t h e  mving  f a t t y  ac id / r e s in  ac id  f ron t .  

as t h i s  narrow band renrains on the  column, the  breaktnrough 

capac i ty  is  not exceeded. Examination of the  shape of t he  band 

w i l l  a l s o  revea l  any channeling i n  the  column which can lower 

e f f e c t i v e  capaci ty .  The occurrence of small voids  during 

preparat ion and use of the column is usual ,  p a r t i c u l a r l y  during 

C02 e l u t i o n  (below), and w i l l  not unduly a f f e c t  t he  separat ion.  

Void formation can be minimized by using a water-cooled jacketed 

column. 

As long 

After the  n e u t r a l s  are e lu ted ,  t he  column t i p  i s  r insed  with 

solvent .  The f l a s k  containing t h e  n e u t r d s  is ranoved and 

replaced with another 5 0 0 4  f l a s k .  Elut ion of weak ( r e s i n  and 

f a t t y  ac id)  a c i d i c s  is accomplished with carbon dioxide sa tura ted  

ether-methanol-water solvent .  A s l i g h t  n i t rogen  pressure  i n  the  

range of 3 t o  20 KPa gauge (0.5-3 ps ig)  minimizes column 

d i s rup t ion  and maintains a s a t i s f a c t o r y  flow rate  during e lu t ion .  
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138 ZINKEL 

(A series of columns can be operated simultaneously from a common 

n i t rogen  tank using severa l  low-pressure r egu la to r s  such as the  

Matheson model 70.) The  solvent  can be sa tu ra t ed  with carbon 

dioxide by shaking t h e  solvent  i n  a long-necked f l a s k  wi th  carbon 

dioxide from a gas  cy l inder .  

convenient t o  genera te  pure dry ice ( to  avoid po ten t i a l  

contamination of t he  sample by using commercial d ry  i c e )  with a 

siphon cy l inder  of carbon dioxide and a generator  such as  the  

Redi-ice model 302 (Metalurgical Supply Company, Houston, Tex.) , 
and sa tu ra t ing  the  solvent  by adding dry  i c e .  

ac ids  is complete a f t e r  200 to  300 mL of carbon dioxide-saturated 

solvent  is  passed through the  column. It is recommended that the  

l a r g e r  volume of the carbon dioxide-saturated solvent  be used 

when cr,fhnsaturated resin ac ids  such as  an t i copa l i c  ac id  and i t s  

de r iva t ives  o r  d icarboxyl ic  r e s i n  a c i d s  such as p i n i f o l i c  a c i d  

and dihjjdroagathic a c i d  are present  i n  t h e  sample. 

band noted above e l u t e s  with the  weak ac ids .  However, gas  

chromatographic a n a l y s i s  using i n t e r n a l  s tandards  shows that the  

con t r ibu t ion  from t h i s  band is ins ign i f i can t  . 

However, w e  have found i t  more 

Elut ion of weak 

The colored 

Elu t ion  of t he  column wi th  30 mL of t he  so lvent  containing 

several  drops (ca. 0.1 mL) g l a c i a l  a c e t i c  ac id  provides a rou t ine  

confirmation of t he  e f f i cacy  of t he  carbon d ioxide  e lu t ion  of 

weak ac ids .  The a c e t i c  acid eluate is co l l ec t ed  i n  a t a r ed ,  

100-L round-bottomed f l a sk ;  t he  solvent  is removed, and the  t o t a l  

so lu t e  determined by weight. 

30-50 mL of solvent  containing severa l  drops of formic ac id .  

most w r k  with  p ine  ex t r ac t ives ,  t a l l  oil, and r o s i n ,  t he  s t rong  

ac id  f r a c t i o n  is not  s ignif icant . ’  It is of no te  t h a t  t h e  major 

proport ion of t he  dark-colored material present  i n  t a l l  o i l  and 

some e x t r a c t i v e s  remains a t  the  top of t he  DEAE-Sephadex column 

a f t e r  s t rong  ac id  e lu t ion ;  the  co lor  usua l ly  r ep resen t s  less than 

1% of tne  t o t a l  material. 

Strong ac ids  can be removed wi th  

For 
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SEPARATION OF ETHER-SOLUBLE MATERIALS 139 

The bulk of the so lven t  from both t h e  n e u t r a l  and weak a c i d  

f r a c t i o n s  is  removed o n  a f l a s h  evaporator .  The f r a c t i o n s  are 

then  q u a n t i t a t i v e l y  t r a n s f  e r r e d ,  w i t h  washing, using long  Pasteur  

p i p e t t e s  t o  t a r e d  25- or 5 0 4  round-bottomed f l a s k s  (such a s  

Corning 4280 o r  Kimble 25200). The remaining s o l v e n t  is removed 

from t h e  t a r e d  f l a s k s  by c a r e f u l l y  hea t ing  t h e  f l a s k s  on a s t e a m  

b a t h  under a s t r e a m  of  n i t rogen ,  followed by d ry ing  under reduced 

p r e s s u r e  (e.g., water a s p i r a t o r  vacuum). After weighing the 

f l a s k s  and c o n t e n t s ,  the f r a c t i o n s  are then  a v a i l a b l e  f o r  f u r t h e r  

a n a l y s i s .  

APPLICATIONS AND OBSERVATIONS 

The DEAE-Sephadex procedure has been s u c c e s s f u l l y  used wi th  

a wide v a r i e t y  of samples including o l e o r e s i n s ,  r o s i n s  and 

de r ived  p roduc t s ,  t a l l  o i l ,  and e x t r a c t s  of m o d ,  barks ,  and 

need le s  from many spec ie s .  

n e u t r a l s  by t h e  procedure,  t h e  n e u t r a l s  can be sapon i f i ed  and the  

After  s e p a r a t i o n  of  a c i d s  from 

2 r e s u l t i n g  a c i d s  sepa ra t ed  from nonsaponif i a b l e s  ( t h e  

nonsaponif i a b l e s  would inc lude  l i p o p h i l i c  a l c o h o l  products  of  

s a p o n i f i c a t i o n )  . 
developed p r i m a r i l y  t o  q u a n t i t a t i v e l y  s e p a r a t e  r e s i n  a c i d s  and 

f a t t y  a c i d s  from n e u t r a l s ,  i t  has  been u s e f u l  f o r  o t h e r  a c i d  

materials. 

i n  t h e  weak a c i d  f r a c t i o n 8  as does todomatuic a c i d  ( t h e  methyl 

ester is t h e  i n s e c t  j u v e n i l e  hormone, j uvab ione ) ,  a l s o  found i n  

Douglas-fir . '  I n  o t h e r  work, we have observed that f u r o i c  a c i d  

can  be exchanged o n t o  DEAE-Sephadex and e l u t e d  q u a n t i t a t i v e l y  

w i t h  formic a c i d .  

Although t h e  DEE-Sephadex procedure w a s  

p-Tolylvaler ic  a c i d  i n  Douglas-fir e x t r a c t i v e s  e l u t e s  

The DEAE-Sephadex procedure has been used f o r  s e p a r a t i o n  of 

p ine  need le  e p i c u t i c u l a r  wax," but chloroform-methanol-rater w a s  

used as s o l v e n t  because of the i n s o l u b i l i t y  of the wax mix tu re  i n  

t h e  ether-methanol-water  so lven t .  Complete e l u t i o n  of t h e  a c i d i c  
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140 Z X W L  

components w a s  accomplished with ch loro  form-methanol ra t  er -f ormic 

a c i d ,  but t h e  s e p a r a t i o n  was complicated by s i g n i f i c a n t  on-column 

formation of formate esters of w-hydroxy f a t t y  a c i d s  a s  

a r t i f a c t s .  

In  t h e  s e p a r a t i o n  of pine needle  e x t r a c t i v e s ,  a n  i n t e n s e  

green to  yellow-green co lor  obscures  t h e  colored band dur ing  

sample i n t r o d u c t i o n  and initial washing. Most of t h e  ch lorophyl l  

and caro tene  components respons ib le  f o r  t h e  co lor  e l u t e  i n t o  t h e  

n e u t r a l  f r a c t i o n ,  a f t e r  which the colored band preceding the weak 

a c i d s  is v i s i b l e .  

As noted i n  t h e  Materials and Methods s e c t i o n ,  t h e  formation 

of narrow colored bands during separa t ion  of c o n i f e r  e x t r a c t s  and 

r o s i n s  has been u s e f u l  i n  monitoring t h e  column capac i ty  f o r  a 

sample. 

e l u s i v e  problem. Recently,  however, i t  w a s  noted t h a t  yellow 

o l e o r e s i n s  of ponderosa pine gave a b r i g h t  yellow band on DEAE- 

Sephadex." The c o l o r  c h a r a c t e r i s t i c s  of t h e  band gave promise 

t h a t  a s i n g l e  component w a s  respons ib le .  The band material w a s  

i s o l a t e d  and i d e n t i f i e d  as a mixture  of monoterpene a lcohol  

e s t e r s  of f e r u l i c  a c i d  (4-hydroxy-3-methoxycinnamic a c i d ) .  Thus, 

t h e  yellow components of t h e  o l e o r e s i n  were not respons ib le  f o r  

t h e  band, but  r a t h e r ,  t h e  band was due to  on-column bathochromic 

s h i f t  of t h e  a b s o r p t i o n  band of t h e  DEAE-phenolate s a l t  o f  

c o l o r l e s s  f e r u l i c  a c i d  esters. Any esters of f e r u l i c  a c i d  or 

i s o f e r u l i c  a c i d  (3-hydroxy-4-methoxycinnamic a c i d )  w i l l  show t h e  

s a m e  behavior.  Thus, c o l o r l e s s  methyl f e r u l a t e  (addi t ion  of 

ca. 0.5 mg) can serve  as an  i n t e r n a l  i n d i c a t o r  f o r  monitoring 

breakthrough c a p a c i t y  of DEAE-Sephadex columns f o r  r e s i n  and f a t t y  

a c i d s .  

a c i d )  and s c o p o l e t i n  (6-methoxy-7-hydroxycoumarin) are yellow on 

t h e  DEAE-Sephadex ( s c o p o l e t i n  also has an  i n t e n s e  f luorescence) ,  

t h e s e  polar  esters have grea te r  i n t e r a c t i o n  wi th  t h e  DEAE-Sephadex 

and are not  moved i n  a f r o n t a l  e l u t i o n  by f a t t y  and r e s i n  a c i d s  

The chemical na ture  of t h e s e  colored bands has been an  

Although methyl c a f f e a t e  (methyl 3,4-dihydroxycinnamic 
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SEPARATION OF ETHER-SOLUBLE MATERIALS 141 

t o  form narrow bands. Acidic polyhydroxylic compounds such as 

the  f lavonoids  myr ice t in ,  apigenin,  gen i s t e in ,  and q u e r c i t i n  are 
seen a t  the  top of the  column and are d i f f i c u l t  to  e l u t e  even 

with s t rong ac ids .  

The presence o f  l a r g e  amounts of phenolic materials i n  

extracts can cause complicat ions i n  t h i s  procedure. 

of phenolics with t h e  neu t r a l  f r a ~ t i o n , ~  as noted above, w a s  a l s o  

observed with e x t r a c t i v e s  of Douglas-f i r  . The phenolics 

remained i n  the  water phase a f t e r  e ther  ex t rac t ion  of t h e  

saponif ied Douglas-f i r  sapwood neu t r a l s .  In  add i t ion ,  the 

Douglas-fir heartwood ex t r ac t ives  contained a l a r g e  proport ion of 

colored materials, probably phenolic polymers, which a r e  seen o n  

a subs t an t i a l  por t ion  of t he  column yet  are not e luted by 

add i t ions  of carbon d ioxide  o r  formic ac id .  The deep-purple 

pigment found i n  eas t e rn  hemlock bark e x t r a c t s  i s  a l s o  r e t a ined  

on the  DEAE-Sephadex.12 T h e  DUE-Sephadex procedure provides a 

convenient way to  remove materials l i k e  the  Douglas-f i r  phenolic 

polymers and the colored materials from hemlock extracts, but 

column capac i ty  f o r  t h e  weak ( f a t t y  and r e s i n )  ac ids  is decreased. 

The l a r g e  amount of phenol ics  i n  Araucaria ex t r ac t ives  r e su l t ed  

i n  incomplete separa t ion  of  n e u t r a l s  from ac id i c s .  

T h e  e l u t i o n  

13 

Although t h e  DEE-Sephadex method has been used pr imar i ly  i n  

a n a l y t i c a l  work, app l i ca t ion  to  preparat ive-scale  separa t ions  is  

a l o g i c a l  extension. Acid-free neu t r a l s  can be r e a d i l y  i so l a t ed  

f o r  cha rac t e r i za t ion  s t u d i e s  such as w a s  done i n  a de t a i l ed  in- 

ves t iga t ion  of t he  components i n  t a l l  o i l  n e ~ t r a 1 s . l ~  

gram q u a n t i t i e s  of neut ra l - f ree  ac id i c s  can be obtained f o r  

f u r t h e r  i s o l a t i o n  and i d e n t i f i c a t i o n  of components. With 

preparat ive-scale  separa t ions ,  i t  is p a r t i c u l a r l y  important t o  

avoid a tightly-packed bed of DEAE-Sephadex as add i t iona l  water 
i n  the  sample, and the  a c i d s  themselves cause swelling o f  t he  

ion-exchanger and consequent plugging of t he  column. Often i t  i s  

more convenient t o  use  severa l  ana ly t ica l - sca le  separa t ions  to  

Conversely, 
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142 ZINKEL 

avoid the  plugging that can occur wi th  a s i n g l e  prepara t ive  s t ep .  

Examination of s equen t i a l  por t ions  of  r e s i n  a c i d s  e luted from 

DEAE-Sephadex columns has not shown the  technique t o  have 

po ten t i a l  f o r  i s o l a t i o n  of ind iv idua l  r e s i n  ac ids .  
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