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ORGANIC PREPARATIONS AND PROCEDURES INT. 4( 2) , 97-104 (1972) 

PREPARATION OF CALCIUM ELENOLATE FROM OLIVE PRESS J U I C E  

J. H. Ford, F. A .  MacKellar 
P .  A .  Meulman, R.  J .  Wnuk, and G.  C .  P r e s c o t t  

The Upjohn Company 
Kalamazoo, Michigan 49001 

Calcium e l e n o l a t e  i s  a broad  spec t rum v i r u c i d a l  agen t  which i s  a c t i v e  

in v i t ro '  and in vivo2. Its p r e p a r a t i o n  from t h e  aqueous p r e s s  j u i c e  of 

r i p e  o l i v e s  i s  d e s c r i b e d  i n  a p a t e n t 3 ,  b u t  i n  ou r  hands t h i s  method gave 

p roduc t s  t h a t  were on ly  about  10-20% pure .  We a p p l i e d  p a r t i t i o n  chroma- 

tography and chromatography on Amber l i te  x ~ D - 2 ~  t o  t h e  c rude  e l e n o l i c  a c i d  

and o b t a i n e d  mater ia l  of 80-90% p u r i t y  which w a s  f u r t h e r  p u r i f i e d  by 

r e c r y s t a l l i z a t i o n  of t h e  ca lc ium s a l t .  

A gas  l i q u i d  chromatographic  a s say  f o r  e l e n o l i c  a c i d  w a s  deve laped  and 

used t o  fo l low t h e  p r o g r e s s  of t h e  p u r i f i c a t i o n .  

The s t r u c t u r e  of e l e n o l i c  a c i d  has  been proposed as a mix tu re  of 

t au tomer i c  forms r e p r e s e n t e d  by I ,  11, and I11 (R=H),5'6 whereas t h e  

ca lc ium s a l t  h a s  on ly  been r e p r e s e n t e d  by I (R=1/2 Ca).  On . t h e  b a s i s  
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J.H. FORD, F.A. MACKELLAR, P.A. MEULMAN, R.J.WNUKAND G.C. PRESCOTT 

of I . R .  and N.M.R.  d a t a ?  i t  is  sugges t ed  t h a t  bo th  e l e n o l i c  a c i d  and i t s  

calcium s a l t  are b e t t e r  r e p r e s e n t e d  by I V . '  

Three c r y s t a l l i n e  compounds were i s o l a t e d  du r ing  p u r i f i c a t i o n  of 

e l e n o l i c  a c i d .  On t h e  b a s i s  of s p e c t r a l  d a t a  and e l emen ta l  a n a l y s e s  w e  

propose t h e  fo l lowing  s t r u c t u r e s :  

POoH 
CHCH 3 

T O o H  

EHCH3 
YOOH 

V V I  V I  I 

The o l i v e  j u i c e  came from two d i f f e r e n t  sou rces  i n  Spain .  From t h e  f i r s t  

sou rce  w e  i s o l a t e d  V I  and d i d  n o t  observe  any V. From t h e  second s o u r c e  

w e  i s o l a t e d  V and d i d  n o t  observe  any V I .  Compound V I I  w a s  ob ta ined  from 

a mixture  t h a t  w a s  de r ived  from bo th  s o u r c e s .  

Exper imenta l  

Samples f o r  t h e  GLC method of de te rmining  e l e n o l i c  a c i d  were p repa red  

by d i s s o l v i n g  i n  d ioxane ,  adding  p a l m i t i c  a c i d  as an i n t e r n a l  s t a n d a r d ,  

e s t e r i f y i n g  w i t h  an e t h e r  s o l u t i o n  of diazomethane, evapora t ing  t o  d ryness  

and r e d i s s o l v i n g  i n  chloroform. The use  of diazomethane as t h e  es ter i -  

f y i n g  agent  and dioxane as t h e  s o l v e n t  w a s  necessa ry  s i n c e  e l e n o l i c  a c i d  

w a s  degraded under o t h e r  c o n d i t i o n s .  Gas chromatography was c a r r i e d  o u t  

w i t h  a Hewlett-Packard model 402 gas  chromatograph f i t t e d  w i t h  a flame 

i o n i z a t i o n  d e t e c t o r .  The column w a s  1.83 m x 3 mm I D  g l a s s  packed w i t h  3% 

O V - 1  On Gas Chrom Q. An oven tempera ture  of 1 5 5 " ,  carrier flow ( n i t r o g e n )  

of 5 0  ml/min, hydrogen flow of 25 ml/min and a i r  f low of 425 ml/min w a s  

98 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
3
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



PREPARATION OF CALCIUM ELENOLATE FROM OLIVE PRESS JUICE 

ma in ta ined .  A sample of  5h of  a 3 mg/ml s o l u t i o n  of  e l e n o l i c  a c i d  w a s  

i n j e c t e d  d i r e c t l y  on t h e  column. The range  x a t t e n u a t i o n  w a s  10 x 16. 

The method i s  r a p i d ,  causes  no obse rvab le  d e g r a d a t i o n  and s e p a r a t e s  

c l o s e l y  r e l a t e d  compounds. The r e l a t i v e  s t a n d a r d  d e v i a t i o n  f o r  t h e  major 

component is  about  3.5%. 

I n f r a r e d  s p e c t r a  were ob ta ined  as N u j o l  mu l l s  u s i n g  a Perkin-Elmer 

model 421 spec t ropho tomete r .  

Mass s p e c t r a  were o b t a i n e d  a t  70eV u s i n g  an A t l a s  CH-4 mass s p e c t r o -  

meter i n c o r p o r a t i n g  a TO-4 i o n  s o u r c e .  

NMR s p e c t r a  were recorded  on a Var ian  A-60 spec t romete r  and c a l i -  

b r a t e d  w i t h  TMS o r  DDS as i n t e r n a l  r e f e r e n c e .  Spectrum a n a l y s i s  and s p i n  

decoup l ing  were done on a Var ian  HA-100 f requency  sweep spec t romete r .  

Calcium E l e n o l a t e  

Ol ive  p r e s s  j u i c e ,  13,700 8 ,  w a s  a d j u s t e d  t o  pH 2.0 w i t h  s u l f u r i c  

a c i d  and h e a t e d  t o  95" f o r  3 h r s .  A f t e r  c o o l i n g  t o  60" ,  2055 kg of  

sodium s u l f a t e  w a s  added and t h e  s o l u t i o n  w a s  cooled  t o  20" and e x t r a c t e d  

t h r e e  times w i t h  4570-L p o r t i o n s  of  d ich loromethane .  The combined 

e x t r a c t s  were concen t r a t ed  t o  3300 il by d i s t i l l a t i o n  and e x t r a c t e d  w i t h  

a s o l u t i o n  of 27 kg of sodium b i c a r b o n a t e  i n  670 9. of water. A second 

e x t r a c t i o n  w a s  made w i t h  1 . 3  kg of  sodium b i c a r b o n a t e  i n  310 9. of water. 

The combined b i c a r b o n a t e  e x t r a c t s  were washed t h r e e  t i m e s  w i t h  400-9. 

p o r t i o n s  of d ich loromethane  t o  remove phenol  which had been used t o  

p r e s e r v e  t h e  j u i c e .  The washed e x t r a c t  w a s  a d j u s t e d  t o  pH 2 . 0  by 

c a u t i o u s  a d d i t i o n  of s u l f u r i c  a c i d  and 136 kg of sodium s u l f a t e  was 

d i s s o l v e d  i n  t h e  s o l u t i o n .  The s o l u t i o n  w a s  e x t r a c t e d  t h r e e  t i m e s  w i t h  

310-9. p o r t i o n s  of d ich loromethane .  The e x t r a c t s  were combined and 

concen t r a t ed  by d i s t i l l a t i o n .  The c o n c e n t r a t e  con ta ined  16 kg of s o l i d s  
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which were 1 7 %  e l e n o l i c  a c i d  by GLC a s s a y .  

The s o l v e n t  sys tem f o r  t h e  p a r t i t i o n  chromatography had t h e  fo l lowing  

composition by volume: 6 t o l u e n e ,  4 S k e l l y s o l v e  B,' 5 a c e t i c  a c i d ,  5 

water. The 

i n  160 II of 

The suspens  

packing  w a s  p repa red  by suspending  20 kg. of D i c a l i t e  4200" 

upper phase  and adding  8 L of lower phase  w i t h  r a p i d  s t i r r i n g .  

on was added r a p i d l y  t o  t h e  column (40.6 cm x 4.56 m.) . This  

o p e r a t i o n  w a s  r epea ted  u n t i l  100 kg. of  Dical i te  420 had been p l a c e d  i n  

t h e  column. The f eed  s o l u t i o n  con ta ined  4 . 3  kg of s o l i d s ,  2.2 kg of 

a c e t i c  a c i d  and 2 . 1  kg of water. I t  w a s  added t o  t h e  suspens ion  of  8.0 kg 

D i c a l i t e  4200 i n  32 II of upper phase .  The f eed  suspens ion  was added 

r a p i d l y  t o  t h e  column and t h e  column w a s  developed w i t h  2100 II of upper  

phase.  The f r a c t i o n s  were pooled  on t h e  b a s i s  of GLC a s s a y s .  The main 

peak con ta ined  about  1000 g of s o l i d s  and 700 g of e l e n o l i c  a c i d .  

F i f t y - t h r e e  l i t e r s  of Amber l i te  x ~ D - 2 ~  w a s  s t i r r e d  w i t h  200 L of 

b o i l i n g  methanol,  f i l t e r e d ,  and washed wi th  methanol.  I t  w a s  t hen  p l a c e d  

i n  a 15.2-cm d iame te r  column 3.65 m h igh  and washed w i t h  500 II of water.  

The f e e d  s o l u t i o n  con ta ined  1 .2  kg of s o l i d s  from t h e  p a r t i t i o n  chroma- 

tography i n  40 R of wa te r .  I t  w a s  passed  through t h e  column a t  0 .33  

R/min and fo l lowed wi th  a water-40% aqueous ace tone  g r a d i e n t ,  250 II of  

each .  The e l u a t e  w a s  c o l l e c t e d  i n  20-11 f r a c t i o n s .  The f r a c t i o n s  which 

con ta ined  80-90% e l e n o l i c  a c i d  by GLC were pooled  and concen t r a t ed  t o  

16  II under reduced p r e s s u r e ,  The r e s u l t i n g  s o l u t i o n  con ta ined  670 g.  o f  

s o l i d s .  

The 16 R o f  aqueous e l e n o l i c  a c i d  s o l u t i o n  d e s c r i b e d  above w a s  

s t i r r e d  v i g o r o u s l y  a t  25" wh i l e  450 g of ca lc ium ca rbona te  w a s  added i n  

s e v e r a l  p o r t i o n s .  A r a p i d  s t r e a m  of  n i t r o g e n  w a s  passed  ove r  t h e  s u r f a c e  
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PREPARATION OF CALCIUM ELENOLATE FROM OLIVE PRESS J U I C E  

and the  s t i r r i n g  was continued u n t i l  pH 7.3 was reached ( 3  h r s . ) .  

calcium carbonate was removed and the  f i l t r a t e  was concentrated t o  about 

5 II a t  20-22" i n  a r o t a r y  f l a s k  evaporator and s t o r e d  overnight a t  2". 

The c r y s t a l s  were centr i fuged i n  a basket  cen t r i fuge  and the  mother l i q u o r  

was concentrated to 'obtain a second crop. The moist c r y s t a l s  were com- 

bined, dissolved i n  water a t  25", decolorized with Darco G-6Ol1 and 

c r y s t a l l i z e d  as before .  

The y i e l d  of f i r s t  crop c r y s t a l s  w a s  253 g; m.p. 164" (dec.) ;  [a ID -169°12 

(water, 10 g/II); U.V. :  Xmax. (water) ,  239 nm (E 22,100).12 

- Anal. Calc'd f o r  C22H26012Ca: C ,  50.57; H ,  5.02; Cay 7.67; eq. w t . ,  

261. C, 50.61; H, 5.49; Ca, 7.91; eq. w t . ,  261; I R  (Nujol): 

3460 (H20), 1705 (>C=O, ester & aldehyde),  1625 (C=C) 1555 & 1420 

(carboxylate  ion) , 1290, 1195, 1110, 1060 cm-l. 

NMR (D20); 6 = 1.60 (d,  3,J=7.0 Hz, C-methyl), 2 .22 (A of ABC, 1, JAB = 

15.0 Hz, JAC = 11.0 Hz, a-acid hydrogen), 2.72 (B of ABC, 1, JBC = 3.5 Hz, 

a-acid hydrogen), 3.32 (C of ABC, 1, JCD = 0.5 Hz, B-acid hydrogen), 

3.82 ( s . ,  3, 0-methyl), 4.47 (bq3 1, J = 7.0 Hz, a-ether hydrogen), 7.73 

(bs ,  1, v i n y l  hydrogen), 9.77 (bs ,  1, aldehyde hydrogen). NMR (H20) same 

as above except aldehyde hydrogen w a s  a doublet  J = 2.0 coupled t o  t h e  

new a-aldehyde hydrogen, broad unre la ted  s i n g l e t  at.2.96. 

Compound V 

The 

The c r y s t a l s  and f i l t r a t e  were f r e e z e  dr ied .  

Found:I2 

Compound V w a s  prepared by counter cur ren t  d i s t r i b u t i o n  of an 

e l e n o l i c  a c i d  concentrate  (before p a r t i t i o n  chromatography), using t h e  

system dichloromethane-water. Af te r  400 t r a n s f e r s  i n  a 200-tube, 50-ml- 

per-phase Craig machine t h e  contents  of tubes 110-199 were concentrated 

t o  an o i l  which s o l i d i f i e d .  

and then from hot  water using Darco G-60 t o  give c o l o r l e s s  c r y s t a l s ;  

. 

It w a s  r e c r y s t a l l i z e d  from e t h y l  a c e t a t e  
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m.p. 91-94"; [a]D -0.1" ( w a t e r ,  10  g / t ) .  

Anal .  C a l c ' d .  f o r  C g H 1 2 0 4 :  C ,  58.69;  H ,  6 .57 ;  eq .  w t . ,  184.  Found: 

C ,  58.78;  H ,  6 .62 ;  e q .  w t . ,  182;  I R  ( N u j o l ) :  3000 (OH), 1732 (>C=O, 

l a c t o n e ) ,  1695 (>C=O, a c i d ) ,  1670 (C=C), 1324,  1275,  1245,  1186, 1173,  

1 1 5 5 ,  1090,  1008 cm.- ' .  

Mass Spectrum: 184 (M ) ,  1 6 9 ,  166 ,  1 5 5 ,  138, 1 2 5 ,  124.  

NMR (CDC13): 6 1 . 7 3  ( d ,  3,J= 7 .0 ,  v i n y l  m e t h y l ) ,  2.49 ( A  of ABMXY, 1, 

JAB = 1 6 . 0 ,  Jm = 1 0 . 0 ,  a - a c i d  h y d r o g e n ) ,  2 .62 (B of ABMXY), 1, JBM = 2 . 0 ,  

a - a c i d  h y d r o g e n ) ,  2.70 ( X  of  ABMXY, 1, JXY = 1 6 . 0 ,  JMX = 8 . 0 ,  c y c l i c  a- 

k e t o  hydrogen) ,  2.80 (Y of ABMXY, 1, Jm = 4 . 0 , c y c l i c  a - k e t o  h y d r o g e n ) ,  

3 .34 (M of ABMXY, 1, t e r t i a r y  a l l y l i c  h y d r o g e n ) ,  4.56 (A of  AB, 1, JAB = 

13.0,  a l l y l i c  l a c t o n e  h y d r o g e n ) ,  4 . 8 1  ( B  of  AB, 1, a l l y l i c  l a c t o n e  

h y d r o g e n ) ,  5 .68  (ba .  J = 7 . 0 ,  1, v i n y l  h y d r o g e n ) ,  1 1 . 2  ( s .  1, c a r b o x y l  

hydrogen) .  

Compound V I  

+ 

Compound VI c r y s t a l l i z e d  from a n  e l e n o l i c  a c i d  c o n c e n t r a t e  ( b e f o r e  

p a r t i t i o n  chromatography)  d u r i n g  s t o r a g e  a t  5 " .  The c r u d e  c r y s t a l s  were 

washed w i t h  a c e t o n e  and r e c r y s t a l l i z e d  t w i c e  f rom h o t  water;  m.p. 153- 

154";  [ a ] ,  -129" ( w a t e r ,  1 0  g/P.); W: Xmax. ( w a t e r )  223 nm (E 7030) .  

~ Anal. C a l c ' d .  f o r  C q H 1 2 0 4 :  C ,  58.69;  H ,  6 .57 ;  eq .  w t . ,  184.  Found: 

C ,  58.74;  H ,  6 .82;  eq .  w t . ,  183; I R  ( N u j o l ) :  3090 ( O H ) ,  1725 (>C=O, 

l a c t o n e ) ,  1678 (>C=O, a c i d ) ,  1622 (C=C>, 1351,  1276,  1196, 1185,  1167,  

1035 c m - l .  

NMR (d6 DMSO):  1 .86  ( d ,  3, J = 7.0,  v i n y l  m e t h y l ) ,  2 .43  ( d ,  2 ,  J = 7 . 2 ,  

a -ac id  m e t h y l e n e ) ,  3.37 ( b r o a d  q u i n t e t ,  1, J = 7.0,  t e r t i a r y  a l l y l i c  

h y d r o g e n ) ,  4.15 (A of  ABXY, 1, JAB = 1 1 . 5 ,  JAx = 6.0 ,  JAY = 4 . 0 ,  w e t h e r  

h y d r o g e n ) ,  4 .37  (B  of ABXY, 1, J B X  = 8.5,  JBy = 4 . 0 ,  a - e t h e r  h y d r o g e n ) ,  
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PREPARATION OF CALCIUM EUNOLATE FROM OLIVE PRESS J U I C E  

6.87 (dq, 1, JAx 

Compound V I I  

= 7.0, 4 J ~  = 1 .5 ,  v i n y l  hydrogen). 
3 

Compound V I I  w a s  i s o l a t e d  from dex t ro ro ta to ry  mother l i q u o r  s o l i d s  

t h a t  had been obtained by t h e  c r y s t a l l i z a t i o n  of calcium e l e n o l a t e  a f t e r  

p a r t i t i o n  chromatography. Af t e r  195 t r a n s f e r s  i n  a 200-tube Craig 

machine using t h e  system 5 dichloromethane, 4 water, 1 a c e t i c  a c i d ,  t h e  

con ten t s  of tubes 90-115 were evaporated t o  dryness.  The r e s u l t i n g  white  

c r y s t a l l i n e  r e s idue  w a s  r e c r y s t a l l i z e d  from acetone and then from h o t  

water; m.p. 185-188"; [a], +105" ( e thano l ,  10 g /k ) ;  UV: 

214 nm ( E  1550). 

Anal. Calc 'd .  f o r  C10H1404: C ,  60.59; H ,  7 . 1 2 ;  eq.  w t . ,  198. Found: 

C ,  60.11; H ,  7.20; eq.  w t .  197. 

Mass Spectrum: 

max ( e thano l )  

+ 
198 (M'), 183 (M+-CH3), 180 (M+-HzO), 156 (M -CH2CO), 152 

+ 
(M -H-COOH) , 143, 109. 

I R  (Nujol):  3000 (OH),  1738 (>C=O, l a c t o n e ) ,  1684 (>C=O,  a c i d ) ,  1349, 

1321, 1257, 1211, 1202, 1077, 1027 cm- l .  

NMR (d6 DMSO): 1.95 (d,  3, J = 5 . 5 ,  methyl) ,  2.40 ( t ,  1, J = 9.0,  a-keto 

hydrogen), 2.85 (m, 1, t e r t i a r y  B-acid hydrogen), 3.00 (m, 1, t e r t i a r y  

a-acid hydrogen), 4.25 (d,  2,  J = 8, a- lactone methylene). 

Compound V I I  w a s  a l s o  i s o l a t e d  by p a r t i t i o n  chromatography from t h e  

las t  f r a c t i o n s  i n  t h e  e l e n o l i c  a c i d  peak. 
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I t  h a s  been sugges t ed  t h a t  a small  e q u i l i b r i u m  c o n c e n t r a t i o n  of  I ,  11, 
and 111 may be  admixed w i t h  I V .  P r i v a t e  Communication, D r .  R.  C .  
K e l l y .  

A p u r i f i e d  hexane f r a c t i o n  s u p p l i e d  by S k e l l y  O i l  Co. 

A diatomaceous e a r t h  s u p p l i e d  by Great Lakes Carbon Co. 

An a c t i v a t e d  carbon s u p p l i e d  by Atlas Chemical I n d u s t r i e s .  

Cor rec t ed  f o r  1.61% water. 

O the r  l o t s  w i t h  e s s e n t i a l l y  t h e  same e l e m e n t a l  a n a l y s e s  and s p e c t r a  
gave s p e c i f i c  r o t a t i o n s  from -162" t o  -175". 
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