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INTRODUCTION

T h e  n u m b e r  o f  a u to t r o p h ic  E u g le n o p h y c e a e  w h ic h  
h a s  b e e n  a n a ly s e d  f o r  c h lo r o p h y l ls  a n d  c a r o t e n o id s  is 
s m a ll .  T h e y  a l l  b e lo n g  to  t h e  g e n e r a  E u g le n a  a n d  
T r a c h e lo m o n a s  o f  t h e  o r d e r  E u g le n a le s  ( s y s te m a t ic s  
a c c o r d in g  to  r e f .  [1 ]) a n d  t h e y  a r e  a ll f r e s h w a te r  
r e p r e s e n ta t i v e s .

I n  e a r l ie r  w o r k s  s o m e  o f  t h e  e u g le n o p h y c e a n  x a n ­
th o p h y l l s  m a y  h a v e  b e e n  c o n f u s e d  w i th  t h e  c o m m o n  
c h lo r o p h y c e a n  c a r o te n o id s  a n t h e r a x a n t h i n  (1 ), lu te in  
(2 ), v io la x a n th in  (3 ) a n d  z e a x a n th in  (4 )  [2 -1 1 ] . T h e  
id e n t i t y  o f  th e  x a n th o p h y l l s  o f  E u g le n a  g r a c i l is  w i th  
d ia d in o x a n th in  (5 ) a n d  d i a to x a n th in  (6 )  w a s  r e v e a le d  
b y  A i tz e tm i i l le r  e t al. [12] a n d  J o h a n n e s  e t  al. [13], 
r e s p e c t iv e ly .  I n  b o th  c a s e s  e x t e n s iv e  u s e  o f  m o d e r n  
p h y s ic a l  m e th o d s  ( in c lu d in g  I R ,  M S  a n d  'H  N M R )  
e n s u r e d  a  r e l ia b le  id e n t i f ic a t io n .

I t  is  g e n e r a l ly  a g r e e d  th a t  t h e  s t r u c tu r a l l y  m o s t  
c o m p le x  c a r o te n o id  o f  t h e  E u g le n o p h y c e a e  is  i d e n ­
t i c a l  w i th  n e o x a n th in  (7) [4 , 5 , 7 - 1 1 ,  1 4 -1 7 ], T h e  
c h lo r o p la s t s  o f  t h e  E u g le n o p h y c e a e  t h e r e b y  p o s s e s s  a  
b io c h e m ic a l  s im i la r i ty  w i th  t h e  c h lo r o p la s t s  o f  th e  
o th e r  tw o  n e o x a n th in  ( 7 ) - c o n ta in in g  c la s s e s  o f  th e  
C h lo r o p h y ta ,  n a m e ly  th e  P r a s i n o p h y c e a e  a n d  th e  
C h lo r o p h y c e a e .  T h is  s im i la r i ty  is  o p p o s e d ,  h o w e v e r ,  
b y  t h e  p r e s e n c e  o f  a c e ty le n ic  x a n th o p h y l l s  in  th e  
E u g le n o p h y c e a e  a n d  n o n - a c e ty le n ic  x a n th o p h y l l s  in  
t h e  tw o  o th e r  c l a s s e s .  F o r  s u r v e y s  o n  c a r o te n o id  
d i s t r i b u t io n  w i th in  t h e  P h y c o p h y ta ,  s e e  r e f s .  [1 8 -2 0 ] .

T h e  p r e s e n t  i n v e s t ig a t io n  e x t e n d s  o u r  k n o w le d g e  
a b o u t  e u g le n o p h y c e a n  p ig m e n ts  to  E u tr e p t ie l la  g y m ­
n a s t i c a  ( o r d e r  E u t r e p t i a le s ) .  T h is  is  a ls o  t h e  f irs t  
r e p r e s e n ta t i v e  o f  th e  c la s s  f r o m  m a r in e  h a b i ta t s  
w h ic h  h a s  b e e n  a n a ly s e d  f o r  c h lo r o p h y l ls  a n d  c a r o ­
t e n o id s .

RESULTS AND DISCUSSION

T h e  p ig m e n ts  w e r e  c h r o m a to g r a p h ic a l ly  p u r e  a n d  
o n ly  e x c e p t io n a l ly  o b ta in e d  in  t h e  c r y s t a l l i n e  s ta te .

T h e i r  i d e n t i t i e s  w e r e  c o n f i rm e d  b y  c o - c h r o m a to ­
g r a p h y  [ c h lo ro p h y l ls :  p a p e r  (S & S  2 8 7 ) a n d  T L C ;  
c a r o te n o id s :  T L C  o n  tw o  a d s o r b e n t s ]  w i th  a u th e n t ic  
s a m p le s .  I n  a d d i t io n ,  t h e  c a r o te n o id s  w e r e  f u r th e r  
c h a r a c t e r i z e d  b y  U V /V I S ,  I R ,  'H  N M R , M S , M S  o f  
th e i r  a c e ty l a t e d  a n d  s i ly la te d  d e r iv a t iv e s  a n d  b y  a c id -  
c a ta ly s e d  e p o x id e - f u r a n o id  r e a r r a n g e m e n t .  T h e  q u a l ­
i ta t iv e  a n d  q u a n t i t a t i v e  p ig m e n t  c o m p o s i t io n  o f  E . 
g y m n a s t i c a  is  c o m p i le d  in  T a b le  1.

T h e  c a r o t e n o id  c o m p o s i t io n  o f  E . g y m n a s t i c a  is , 
h o w e v e r ,  f a r  m o r e  c o m p le x  th a n  r e v e a l e d  b y  T a b le  1. 
A t  l e a s t  f iv e  m o r e  c a r o t e n o id s  w e r e  p r e s e n t  in  t r a c e  
a m o u n t s ,  a l l  o f  w h ic h  w e r e  l e s s  p o l a r  t h a n  d ia d in o ­
x a n th in  (5 ) o n  T L C  (S i  g e l - C a C 0 3, 1 :1 ) .  T h e  
p u r i f ic a t io n  o f  t h e s e  m in o r  p ig m e n ts  is  la b o r io u s  an d  
m u s t  r e ly  o n  a  s o p h i s t i c a t e d  c o m b in a t io n  o f  d if f e r e n t  
c h r o m a to g r a p h ic  s y s te m s .  T h e i r  id e n t i f i c a t io n  m u s t  
b e  p o s tp o n e d  u n t i l  m o r e  b io lo g ic a l  m a te r ia l  is  a v a i l ­
a b le .

E . g y m n a s t i c a  c o n ta in e d  c h lo r o p h y l l  a  a n d  b  a n d  
th e r e b y  p o s s e s s e d  th e  s a m e  c h lo r o p h y l l  c o m p le m e n t  
a s  t h e  o t h e r  c la s s e s  o f  t h e  C h lo r o p h y ta  [21]. N o  
t r a c e s  o f  m o r e  p o la r  c h lo r o p h y l ls  ( d e g ra d a t iv e  o r  
n a t iv e )  c o u ld  b e  o b s e r v e d  o n  th e  c h r o m a to g ra m s .  
T h u s  c h lo r o p h y l l  Ci a n d  c 2, w h ic h  a r e  r e g u la r  c o m ­
p o n e n ts  in  t h e  m a jo r i t y  o f  c la s s e s  w i th in  th e  
C h r o m o p h y ta  [2 1 , 2 2 ], w e r e  a b s e n t .

T h e  c a r o t e n e  f r a c t i o n  c o n s i s te d  o f  ß ,  e - c a r o t e n e  (8) 
a n d  ß , ß - c a r o te n e  (9 ), b o th  o f  w h ic h  w e r e  id e n tif ie d  
b y  c o - c h r o m a to g r a p h y ,  U V /V I S  a n d  M S . T h e  h ig h  
I I I / I I - v a lu e  o f  6 0 %  e n s u r e d  t h a t  t h e  ß ,  e - c a r o te n e  (8) 
w a s  n o t  c o n f u s e d  w i th  d s - i s o m e r i z e d  ß ,  /3 -c a ro te n e  
(9 ). W ith in  t h e  E u g le n o p h y c e a e ,  ß ,  e - c a r o t e n e  (8) h a s  
p r e v io u s ly  b e e n  d e t e c t e d  in  E u g le n a  g r a c i l i s  v a r . 
b a c i l la r is  [11] a n d  th e  h e t e r o t r o p h ic  A s t a s i a  o c e lla ta  
[23 ].

T h e  x a n th o p h y l l s  o f  i n t e r m e d ia t e  p o l a r i ty  p o s s e s ­
s e d  p r o p e r t i e s  c o n s i s t e n t  w i th  t h e  a c e ty le n ic  c a r o ­
te n o id s  d i a to x a n th in  (6 ) a n d  d ia d in o x a n th in  (5 ) w h ile
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T ab le  1. C hlorophylls and  ca ro te n o id s  o f E. g y m n a s t ic a

P igm ent

A m ount 
(m g/g (%) 

d ry  wt*)

A b so rp tio n  m ax im a t 
(nm )

III /II
(%)

Rf t

C hlo rophy ll a 33 — 384
579

(414)
615

432
663

— 0.78

C hlorophyll b 21 — (434)
646

457 597 — 0.75

ß , e -C aro ten e  (8) 0.02 0.2 421 443 473 60 1.00
ß , ß -C a ro te n e  (9) 0.3 3 (427) 448 474 23 1.00
U n k n o w n  1 2.2 20 (438) 458 487 50 0.97
U n k n o w n  2 0.1 1 (440) 462 490 26 0.80
D ia to x an th in  (6) 3.2 30 (434) 454 482 35 0.67
U n k n o w n  3 2.3 21 (434) 453 480 10 0.64
D iad in o x an th in  (5) 2.0 18 (428) 449 479 69 0.59
N eo x an th in  (7) 0.7 6 413 438 466 87 0.25

* L ip id -ex trac ted  cells.
tC h l. a, chi. b, 5, 6 and  7 in ace to n e ; 8, 9, U n k n o w n  1 (c ry s t.) , U n k n o w n  2 and  U n k n o w n  3 in 

p e tro l. A b so rp tio n  m axim a of U n know ns 1-3 w ere  o b ta in ed  fro m  a  s e p a ra te ly  cu ltu red  b a tc h  o f  algal 
cells.

tT L C : Si g e l-C a C 0 3 (1:1), p e tro l-M e2C O -C 6H 6-» so -P rO H  (6 9 .5 :2 5 :4 :1 .5 ) .

th e i r  n o n - a c e ty l e n i c  a n a lo g u e s  z e a x a n th in  (4 ) a n d  
a n th e r a x a n th in  (1 ) w e r e  a b s e n t .  I n  th is  r e s p e c t ,  t h e  
p r e s e n t  r e s u l t s  a r e  in  a c c o r d  w i th  p r e v io u s  in ­
v e s t ig a t io n s  w i th  m o d e r n  m e th o d s  [1 2 ,1 3 ] . D i a t o x ­
a n th in  (6 ) a n d  d ia d in o x a n th in  (5) c a n n o t  b e  u n ­
e q u iv o c a l ly  d i s t in g u i s h e d  f ro m  z e a x a n th in  (4 ) a n d  
a n th e r a x a n th in  (1 ) b y  U V /V I S  a n d  I R  [1 2 ,2 4 ] ,  b u t  a re  
m o r e  f irm ly  r e t a in e d  o n  a lk a l in e  a d s o r b e n t s  [25]. T h e  
7 , 8 - lo c a te d  t r ip le  b o n d  o f  d ia to x a n th in  (6 ) a n d  
d ia d in o x a n th in  (5 )  w a s  r e v e a le d  b o th  b y  M S  ( [M ]+ 
a n d  a p p a r e n t  a b s e n c e  o f  t h e  [ M -  106]+ f r a g m e n t )  a n d  
( n o ta b ly )  b y  'H  N M R . B o th  x a n th o p h y l ls  p o s s e s s e d  
o n e  e n d - g ro u p  ( d ¡) w i th  p r o to n  m a g n e t ic  s ig n a ls  
in f lu e n c e d  b y  a  t r ip le  b o n d  in  t h e  7 , 8 -p o s i t io n  [d ia ­
t o x a n th in  (6 ): <5 1 .1 5 , 1 .20  a n d  1 .92 ; d i a d in o x a n th in  
(5): 8  1 .1 5 , 1 .19  a n d  1.93] [2 4 ]. I n  a d d i t io n ,  d i a to x ­
a n th in  (6 ) p o s s e s s e d  o n e  e n d - g ro u p  ( d ,)  w i th  p r o to n  
m a g n e t ic  p r o p e r t i e s  a s  in  z e a x a n th in  (4 ) (8  1 .08 , 1.08 
a n d  1 .74) [24] w h i le  d ia d in o x a n th in  (5 ) p o s s e s s e d  o n e  
e n d - g ro u p  (ƒ 0  w i th  p r o t o n  m a g n e t ic  p r o p e r t i e s  a s  in  
v io la x a n th in  (3 ) (8  0 .9 8 , 1 .15 a n d  1.19) [26]. T h e  
e p o x id e  g r o u p  o f  d ia d in o x a n th in  (5 ) w a s  f u r t h e r  
d e m o n s t r a t e d  b y  th e  p r o t o n  s ig n a l  a t  8  1 .93 o f  th e  
in - c h a in  m e th y l  g r o u p  a t  C -9  [2 6 ], m a s s  s p e c t r a l  p e a k s  
a t  m /z  5 6 6  [ M -  16]+, 5 0 2  [ M - 8 0 ] +, 221 (263  f o r  th e  
d ia c e t a t e )  a n d  181 (223  f o r  t h e  d ia c e ta te )  [24] a n d  th e  
p o s i t iv e  e p o x id e  t e s t .  T h e  'H  N M R  s p e c t r a  o f  b o th  
d i a to x a n th in  (6 ) a n d  d i a d in o x a n th in  (5 ) c o n ta in e d  a  
s ig n a l  a t  8  2 .0 0  e q u iv a l e n t  to  th r e e  p r o to n s  o f  o n e  
in - c h a in  m e th y l  g r o u p .  T h is  is  f u r t h e r  s u p p o r t  f o r  a  7 , 
8 (7 ',  8 ') - lo c a t io n  o f  t h e  t r ip le  b o n d .

T h e  c h r o m a to g r a p h ic a l ly  m o s t  p o la r  x a n th o p h y l l  
p o s s e s s e d  c h e m ic a l  a n d  p h y s ic a l  p r o p e r t i e s  a s  
e x p e c t e d  f o r  n e o x a n th in  (7 ). A c é ty la t io n  a n d  s i ly l-  
a t io n  t e s t s  a n d  s u b s e q u e n t  M S  o f  t h e  r e a c t io n  
p r o d u c t s  r e v e a l e d  tw o  p r im a r y / s e c o n d a r y  h y d r o x y l  
g r o u p s  a n d  o n e  t e r t i a r y  h y d r o x y l  g r o u p .  T h e  p o s i t iv e

e p o x id e  t e s t  f u r t h e r  i n d ic a te d  t h a t  a  f o u r t h  o x y g e n  
a to m  w a s  p r e s e n t  a s  a n  e p o x id e  g ro u p .  T h e  e p o x id e  
n a tu r e  o f  t h i s  x a n th o p h y l l  w a s  f u r t h e r  s u p p o r te d  b y  
th e  m a s s  s p e c t r a l  p r o p e r t i e s  o f  t h e  x a n th o p h y l l  i t s e l f  
a n d  i t s  a c e t y l a t e d  a n d  s i ly la te d  d e r iv a t iv e s ,  a s  a l r e a d y  
d e s c r i b e d  f o r  d ia d in o x a n th in  (5 ). T h e  a l le n ic  b o n d  
g a v e  a  c h a r a c t e r i s t i c  I R  b a n d  a t  1940 c m -1 a n d  its  
p r e s e n c e  w a s  f u r t h e r  c o n f i rm e d  b y  th e  'H  N M R  
s ig n a l  a t  8 1 .8 0  ( M e - 9 )  [2 4 ]. T h e  1H  N M R  s p e c t r u m  
p o s s e s s e d  t h e  e x p e c t e d  m e th y l  s ig n a ls  f o r  e n d -g ro u p  
f t  (8  1 .0 1 , 1 .1 6  a n d  1 .21) [26] a n d  e n d - g ro u p  i¡ (8  1.07, 
1 .3 4  a n d  1 .3 4 )  [24]. H o w e v e r ,  t h e  s p e c t r u m  w a s  
s l ig h t ly  c o n ta m in a t e d  a n d  o f  lo w  in te n s i ty ,  a n d  th e  
e x p e c t e d  s ig n a l  a t  8  1 .9 2 -1 .9 3  ( M e - 9 ')  c o u ld  n o t  b e  
d i s t in g u i s h e d  i n  th e  b r o a d  s ig n a l  a t  8  1.96 ( M e - 1 3 ,  9 ' 
a n d  13 ').

H e t e r o x a n t h i n  (10) w a s  n o t  d e te c te d  in  t h e  p r e s e n t  
in v e s t i g a t io n  ( c f .  r e f .  [17]).

M e m b e r s  o f  t h e  E u g le n o p h y c e a e  h a v e  b e e n  r e p o r ­
t e d  t o  c o n t a i n  k e to c a r o t e n o id s  s u c h  a s  e c h in e n o n e
(1 1 ) [3 , 4 , 8 ,  16, 2 7 ], c a n th a x a n th in  (1 2 ) [2 3 , 27], 
a s t a x a n t h i n  (1 3 )  o r  i ts  e s t e r s  [5 , 10, 16, 28] a n d  o th e r  
k e t o c a r o t e n o i d s  w i th  l e s s  w e l l - e s ta b l i s h e d  s t r u c tu r e s .  
O r a n g e  a n d  r e d  k e to c a r o t e n o id s  h a v e  b e e n  c la im e d  to  
b e  a s s o c i a t e d  w ith  t h e  e y e s p o t  [4 ], a  s u b c e l lu la r  
s t r u c t u r e  a l s o  p r e s e n t  in  E . g y m n a s t i c a  1291. C o n ­
ju g a t e d  k e to c a r o t e n o id s  w i th  a  p o ly e n e  s y s t e m  a s  in 
e c h in e n o n e  (1 1 ) o r  c a n th a x a n th in  (12) d o  n o t  p o s s e s s  
f in e  s t r u c t u r e  in  t h e  U V /V I S  s p e c t r u m  e v e n  w ith  
p e t r o l  a s  a  s o lv e n t  [24], U n k n o w n s  1 -3  a r e  a c c o r d ­
in g ly  d i f f e r e n t  f r o m  th e s e  a n d  s im ila r  k e t o c a r o ­
te n o id s .  D i r e c t  c o m p a r i s o n  o n  T L C  (S i g e l - C a C 0 3, 
1 :1 )  d e m o n s t r a t e d  t h a t  U n k n o w n  1 w a s  l e s s  p o la r  
a n d  d i s t i n c t ly  m o re  o r a n g e  in  c o lo u r  th a n  t h e  b r ic k -  
r e d  e c h in e n o n e  (11 ). U n k n o w n s  2  a n d  3 m a y , o n  th e  
o th e r  h a n d ,  b e  e a s i ly  m is id e n t i f ie d  o n  T L C  (S i  g e l -  
C a C 0 3, 1 :1 )  w ith  c a r o te n o id s  r e p e a te d ly  r e p o r t e d
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w ith in  th e  E u g le n o p h y c e a e ,  n a m e ly  c a n th a x a n th in
(12) [2 3 , 2 7 ] , /3 - c ry p to x a n th in  (14) [3 , 4 , 6 , 8 , 10, 16, 
2 7] a n d  a s t a x a n th in  (13) [5 , 10, 16, 28]. T h e s e  p ig ­
m e n ts  m a y  n e v e r th e l e s s  b e  d is t in g u is h e d  b y  th e i r  
U V /V I S  s p e c t r a l  p r o p e r t i e s .  U n k n o w n  3 ( u n l ik e  U n ­
k n o w n s  1 a n d  2) e x h ib i te d  f in e  s t r u c tu r e  in  th e  
U V /V I S  s p e c t r u m ,  w h ic h  d e p e n d e d  s t r o n g ly  o n  th e  
s o lv e n t  p o la r i ty .  F u r t h e r ,  a lk a l i  t r e a tm e n t  q u a n t i t a ­
t iv e ly  t r a n s f o r m e d  th is  p ig m e n t  to  a  m o r e  p o la r  
p r o d u c t  w i th  u n c h a n g e d  s p e c t r a l  p r o p e r t i e s .  U n ­
k n o w n  3 is ,  t h e r e f o r e ,  m o s t  p r o b a b ly  a n  e s t e r  w i th  a  
k e to  f u n c t io n  in  c o n ju g a t io n  w ith  th e  p o ly e n e  c h a in .  
A n  u n id e n t i f ie d  x a n th o p h y l l  e s t e r  w i th  s im ila r  
U V /V I S  s p e c t r a l  p r o p e r t i e s  h a s  b e e n  r e p o r t e d  in  
i s o la te d  s t ig m a ta  o f  E u g le n a  g r a c i lis  1 2 2 4 /5 z  ( ‘s t r a in  
z ’) [2 7 ]. H o w e v e r ,  e x a m in a t io n  o f  s a p o n if ie d  a n d  
u n s a p o n i f ie d  e x t r a c t s  o f  w h o le  c e lls  o f  E . g r a c i lis  
1224 /5Z  o n  T L C  (S i  g e l - C a C 0 3, 1 :1 )  r e v e a le d  th a t  
U n k n o w n  3 (a s  w e ll  a s  U n k n o w n s  1 a n d  2) w a s  
a b s e n t  in  th is  s t r a in .

F u r t h e r  s t r u c tu r a l  e lu c id a t io n  o f  U n k n o w n s  1 -3  h a s  
b e e n  u n d e r t a k e n  in  c o - o p e r a t io n  w i th  A n n e  F ik s d a h l  
a n d  S y n n 0v e  L ia a e n - J e n s e n ,  N o r w e g ia n  I n s t i t u t e  o f  
T e c h n o lo g y ,  U n iv e r s i t y  o f  T r o n d h e im ,  a n d  w ill  b e  
p u b l i s h e d  s e p a r a te ly .

EXPERIM ENTAL

B io log ica l m ateria l. E . g ym n a stica  T h ro n d sen  w as 
iso la ted  by  S. S ae tran g  f ro m  a se ria l d ilu tion  cu ltu re . T h e  se a ­
w a te r  sam p le  fo r  th e  d ilu tion  cu ltu re  w as tak en  a t N ak k h o l- 
m en , th e  inn er p a r t o f th e  O slo f jo rd , N o rw ay , on  12 A ugust 
1964. T h e  iso la te  is th e  ty p e  cu ltu re  o f  th e  species and  is 
m a in ta in ed  in th e  c u ltu re  co llec tion  o f  th e  S ectio n  o f  M arine 
B o tan y , U n iv e rs ity  o f O slo . A deta iled  fine s tru c tu ra l in­
ves tig a tio n  o f th e  species as w ell as d a ta  on  its d is tr ib u tio n  
and  eco logy  hav e  b een  p ub lished  [29, 30].

C ulture conditions. M onoalgal cu ltu re  o f E. g ym n a stica  
w as c a rr ie d  o u t in 300 con ical flasks, each  con ta in ing  300 ml 
o f th e  en rich ed  se aw a te r  m edium  IM R  [31]. T h e  sa lin ity  w as 
ad ju s te d  to 25 p a r ts  p e r  th o u sa n d  w ith  g lass-d istilled  H 20  p rio r 
to  th e  en rich m en t. T h e  illum ina tion  w as con tin u o u s w ith  
P h ilip s f lu o rescen t tu b e s  (T L /32  and  T L /33 from  ab o v e , T L /55 
from  below ). T h e  light in te n sity  w as 45 / r E /n r  p e r  se c  as 
m easu red  w ith  a  L I - 188 in teg ra tin g  q u an tum  p h o to m e te r  fitted 
w ith  a  47T se n so r (L am b d a  In s tru m en ts  C orp .). T h e  tem p , w as 
15°. T h e  algal m ate ria l w as h a rv ested  by  co n tin u o u s cen ­
tr ifu g a tio n  (K ah lsico  903-1S) a f te r  13 days. T he d ry -w t o f  th e  
h a rv e s te d  cells w as 2.82 g  a f te r  ex trac tion .

E x tra c tio n  a n d  chrom atography. T h e  h a rv ested  algal 
m ateria l w as e x tra c te d  im m ed ia te ly  w ith M e2C O , M e2C O - 
M eO H  (7 :3 )  and  M eO H  u n til th e  resid u e  w as co lo u rless .

T h e  p igm en ts w ere  se p a ra te d  and purified by  su c cess iv e  
T L C  on  e ith e r  o n e  o r b o th  of th e  fo llow ing a d so rb e n ts : Si 
gel - C a C 0 3 (1 :1 )  (T L C -I) and  Si g e l-C a (0 H )2- M g 0 - C a S 0 4 
( 1 0 :4 :3 :1 )  (T L C -II). T h e  develo p in g  so lv en ts  w ere  d iffe ren t 
m ix tu res o f  p e tro l, Q H g , M e2C O  and  iP rO H . T h e  c h lo ro ­
p hy lls w ere  purified  o n  T L C -I w hile th e  ca ro ten o id s w ere  
p urified  on  bo th  T L C -I  an d  -II.

O ne-d im ensional c ircu la r  p ap e r ch ro m ato g rap h y  w as c a r ­
ried  o u t on  S ch le ich e r & Schtill N o . 287 (S& S 287) [32].

T h e  id en tity  o f  e a c h  iso la ted  p igm ent w as con firm ed  by  
c o -ch ro m a to g rap h y  w ith  an  a u th en tic  sam ple (ch lo rophy lls : 
p a p e r  S& S 287 and  T L C -I ; ca ro ten o id s: T L C -I and  -II). T he 
a u th e n tic  sam ples w ere  ob ta in ed  from  th e  fo llow ing

so u rces : c h lo ro p h y ll a and  b : H o rd eu m  vulgare-, ß , e- 
c a ro te n e  (8) an d  ß ,  /3-caro tene (9): D a ucus c a ro ta ; d ia to x ­
an th in  (6) and d ia d in o x a n th in  (5): T ha lassiosira  decipiens  
and  neoxan th in  (7): H. vulgare. In  add itio n , the R f s o f the 
fo llow ing  c a ro te n o id s  w ere  estab lish ed : an th e rax an th in  (1) 
( =  zeax an th in -5 , 6 -epox ide): L a c tu c a  sa tiva ;  can th ax an th in
(12): sy n th e tic  f ro m  H o ffm an n -L a  R oche; /3-cryptoxanthin  
(14): ca lyx  of P h y sa lis  a lkeken g i; ench in en o n e  (11): sy n ­
th e tic  fro m  H o ffm a n n -L a  R oche; lu te in  (2): M edicago  
sa tiva ;  v io la x a n th in  (3): p e ta ls  o f  yellow -flow ered Viola  
trico lor;  z e a x a n th in  (4): ca ly x  o f  P. alkekengi and  a s ta ­
x an th in  (13): H a e m a to c o c c u s  pluvialis.

P h ysica l a n d  c h e m ic a l m ethods. T h e  am o u n ts o f  ch lo ro ­
phy ll a and  b w e re  ca lcu la ted  from  the v isib le light sp e c ­
trum  of th e  to ta l e x tra c t  [33], E =  2500 w as used  fo r  th e  
q u an tita tiv e  d e te rm in a tio n  o f ch ro m ato g rap h ica lly  pu re  
ca ro ten o id s . M S (A E I  M S 902): 70 eV  and 190-225°.

A lkaline h y d ro ly se s  w as p e rfo rm ed  w ith  K O H  (5%) in 
M eO H  a t 20° fo r  12 hr. A cid -ca ta ly sed  epox ide-fu rano id  
rea rran g em en t w ith  H C I [34], acé ty la tio n  [35] and sily lation  
(S Y L O N  B T Z, S u p e lc o  Inc .) [36] w ere  carried  o u t as d es­
crib ed  in th e  c ite d  re fe re n c e s .

P igm ent data . T h e  am o u n ts  (m g/g d ry  w t), T L C  p roperties 
and  U V /V IS  s p e c tra  o f th e  p igm en ts a re  g iven in T ab le  1.

ß, e-C aro tene  (8). M S m /z (rel. in t.): 536 [M ]+ (88), 480 
[M -  56]+ (2), 444 [M  -  92]+ (24) and  430 [M -  106]+ (2).

ß, ß -C a ro te n e  (9). M S m /z  (rel. in t.): 536 [M ]+ (70), 444 
[M -  92]+ (11) and  430 [M -  106]+ (0.5).

D ia to xa n th in  (6). IR  »»“ 'c m '1: 33705 (O H ); 3040w, 2970s, 
2930s, 2870m , 2840m  (C H ); 1565iv (C=C); 1450m (ring-C H 2); 
1370m (g em .-C H 3); 1180w, 1055s (C -O ) and  965s (C=C); MS 
m /z  (rel. in t.): 566 [M ]+ (100), 564 [ M - 2 ] + (4), 551 [ M -  15]+
(2), 548 [M - 18]+ (1) and 474 [ M - 9 2 ] + (4); 'H  NM R 
(100 M H z, CDC13, T M S  as in t. standard ): 8 1.08 (M e-1 ', 1'),
1.15 (M e-1 ), 1.20 (M e-1 ), 1.74 (M e-5 ') , 1.92 (M e-5 ), 1.97 
(M e-1 3 , 9 ', 13') a n d  2.00 (M e-9 ); co n tam in an t signals: 1.56 
and  2.17. T h e  ep o x id e  te s t w as negative.

D ia to xa n th in -3, 3'-d ia ce ta te  (15). 6 w as c o n v e rted  to 15 
by  a  s ta n d a rd  p ro c e d u re . U V /V IS  A ^ c o nm : (428), 449 and 
476; l l l l l l  (% ) = 19; M S  m /z  (rel. in t.): 650 [M ]+ (44), 635 
[M -  15]+ (0.6), 590 [M  -  60]+ (10), 575 [M -  15 -  60]+ (4), 558 
[M -  92]+ (2), 543 [M  -  15 -  92]+ (0.6), 530 [M  -  60 -  60]+ (3), 
515 [M -  15 — 60 -  60]+ (5), 498 [ M - 6 0 - 9 2 ] + (4), 455 [ M -  
195]+ (1), 438 [M -  60 — 60 -  92]+ (3), 423 (7) and  395 (4).

D iad in o xa n th in  (5). M S m /z  (rel. in t.): 582 [M ]+ (100), 580 
[M  -  2]+ (21), 567 [M  -  15]+ (4), 566 [ M - 1 6 ] + (2), 564 [ M -  
18]+ (2), 502 [M -  80]+ (12), 490 [ M - 9 2 ] + (8), 487 [ M - 1 5 -  
80]+ (3), 475 [M -  15 -  92]+ (1), 352 (22), 221 (hom opyryllium ) 
(74) and  181 (fu ry llium ) (40). 'H  N M R  (100 M H z, CDC13, 
T M S  as int. s ta n d a rd ): 8 0.98 (M e -  1); 1.15 (M e -  1, T ); 1.19 
( M e - 5 ,  1'); 1.93 ( M e - 9 ,  5 '); 1.96 ( M e - 1 3 ,  13') and 2.00 
( M e - 9 ') ;  co n tam in an t signals: 1.25, 1.57 and  2.17. The 
ep o x id e  te s t  w as p ositive .

D iad in o xa n th in -3 , 3 '-d iaceta te  (16). 5 w as co n v e rted  to 16 
b y  a s ta n d a rd  p ro ced u re . U V /V IS  A ^ co nm : (424), 446 and 
475; I I I /I I  (% ) =  54; M S m /z (rel. in t.): 666 [M ]+ (10), 664 
[M -  2]+ (4), 651 [ M -  15]+ (0.4), 606 [ M - 6 0 ] + (2), 591 [ M -  
15 -  60]+ (0.9), 586 [ M - 8 0 ] + (4), 574 [ M - 9 2 ] + (3), 559 
[ M - 1 5 - 9 2 T  (0.3), 550 (0.7), 546 [ M - 6 0 - 6 0 ] + (0.3), 531 
[M -  15 -  60 -  60]+ (0.2), 526 [M -  60 -  80]+ (0.1), 520 (1), 514 
[ M - 6 0 - 9 2 L  (0.7), 511 [M -  155]+ (2), 263 (hom opyryllium )
(13) and  223 (fu ry llium  (7).

N e o x a n th in  (7). IR  cm -1: 3400s (O H ); 3060w, 2980s, 
2940s, 2880m  (C H ); 1940w (C=C=C); 1720w (im purity); 
1580w (C=C); 1465m (ring-C H 2); 1390s, 1380s (gem .-C H 3); 
1190m, 1160s (teri. O H ); 1080m, 1050s, 1020m (sec. O H ) and
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T. B j 0 r n l a n d

d,  R = H 

d 2 R = Ae

OH

| > O H  r ' O ^ ^ ^ ^ O R "

R' = R“= H 

2 R' = Ae,  R" = H

R , = A c , R "  = 5 i M e 3

I = f 3 - R ,  - d ,  

2 = d r R , - e

3 = f ,  -  Ri - i i

4 = d,  -  R, - d ,

5  = d r R2 - f ,

6  = d,  - R 2- d 1

7 =  i, - R 3 -  fi

8 = a  - R i  -  b 

9 =  a  - R ,  -  a  

I O = d , - R 2 - h  

I I = c  - R ,  - a  

1 2  = c  - R , - c

13 = g -  Rn - g
1 4  = d -, - R ,  - a

1 5  = d 2- R 2 - d 2

1 6  = d 2-  R2 -  f2

1 7  = i2 - R 3 - Í 2

18 =  ¡3  -  R 3  *  h
Fig. 1. C aro ten o id  s tru c tu re s : th e  ch ira lity  o f ca ro ten o id s ex  E u g le n o p h y ceae  has b een  e s tab lish ed  fo r  

d iad in o x an th in  (5) and  h e te ro x an th in  (10) on ly  [37].

975s (C=C); M S m /z (rel. in t.): 600 [M ]+ (14), 598 [ M - 2 ] + 
(1), 584 [M - 16]+ (4), 582 [ M - 1 8 ] + (20), 580 [ M - 2 - 1 8 ] +
(3), 566[M  - 1 6  - 18]+ (3), 564 [ M - 1 8 - 1 8 ] + (4), 520 [ M -  
80]+ (4), 508 [M -  92]+ (3), 502 [M -  18 -  80]+ (28), 484 [ M -  
1 8 -  18 — 80]+ (0.9), 352 (6), 221 (hom opyry llium ) (46) and 
181 (furyllium ) (27); 'H  N M R  (100 M H z, CDCI3, T M S as int. 
s tan d ard ): 5 1.01 ( M e - 1 ') ,  1.07 ( M e - 1 ) ,  1.16 ( M e - 1 ') ,  1.21 
( M e - 5 ') ,  1.34 ( M e - 1 ,  5), 1.80 ( M e - 9 )  and  1.96 ( M e - 1 3 ,  
9 ', 13'); co n tam in an t signals: 1.25, 1.58 and  2.17. T h e  epox ide  
te s t w as positive.

N e o x a n th in -3, y -d ia c e ta te  (17). 7 w as c o n v e r te d  to 17 by  
a  s ta n d a rd  p ro ced u re . U V /V IS  Aí¡£xC0 nni: 418, 440 and  470; 
I I I / I I  (% ) =  72; M S m /z (rel. in t.): 684 [M ]+ (4), 682 [ M - 2 ] + 
(0.3), 666 [ M -  18]+ (5), 651 [ M - 1 5 - 1 8 ] + (0.2), 624 [ M -  
60]+ (0.3), 606 [ M - 18 — 60]+ (2), 604 [ M - 8 0 ] + (1), 592 
[M  -  92]+ (1), 586 [M -  18 -  80]+ (11), 550 (2), 526 [M - I 8 ­
60 - 8 0 ] + (1), 263 (hom opyry llium ) (12) and  223 (furyllium ) 
(7).

N eo xa n th in -S -trim ethylsily le ther-'i, y -d ia c e ta te  (18). 17 
w as co n v e rted  to  18 by  a  s ta n d a rd  p ro c e d u re . U V /V IS  
A max'0 nm : 419, 440 and 470; H il l i  (% ) =  67; M S m /z (rel.

int.): 756 [M ]+ (6), 754 [ M - 2 ] + (0.4), 696 [ M - 6 0 ] + (0.5), 681 
[ M - 1 5  —60]+ (0.2), 676 [ M - 8 0 ] + (2), 666 [ M - 9 0 ] + (7), 664 
[M  -  92]+ (2), 606 [ M - 6 0 - 9 0 F  (1), 586 [ M - 8 0 - 9 0 ] + (11), 
550 (3), 263 (hom opyry llium ) (14) and 223 (fu ry llium ) (10).

U nknow n  1. T he sam ple  w as crysta llized  fro m  M e2C O - 
M eO H . U V /V IS  A£fxo1 nm : (438), 458 an d  487; H i l l i  (% ) = 
50; A“ S co nm : (441), 461 and  491; III /II  (% ) =  47; T LC -I, 
p e tro l-M e 2C O  (12 :1): R f  0.45 [ech inenone (11), 0.38; ß- 
c ry p to x an th in  (14), 0.06]. U n k n o w n  1 w as s ta b le  tow ards 
alkali. T h e  epox id e  te s t w as negative.

U nknow n  2. U V /V IS : A ^ 01 nm : (440), 462 an d  490; III/II  
(% ) =  26; A max00 nm: (445), 467 and 495; III /II  (% ) =  14; T L C  
(system  as in  T able 1): Rf  0.80 [ech inenone (11), 0.96; 
can th a x a n th in  (12), 0.82; /3 -cryp toxan th in  (14), 0.82]. U n ­
know n 2  w as stab le  tow ard s alkali. T h e  epox id e  te s t was 
negative.

U nknow n  3. U V /V IS  A ^ '01 nm : (434), 453 an d  480; III /II  
(%) =  10; A“£ co nm: 452 and (464); A“ ci3 nm : 471; T L C  
(system  as in T able 1): R ,  0.64 [a s tax an th in  (13), 0.66]. 
U n k n o w n  3 w as unstab le  to w ard s  alkali and  w as q uan ­
tita tive ly  tran sfo rm ed  to a m o re  po la r p ro d u c t (R ,  0.23);
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U V /V IS  A%T' nm : (433), 452 and  480; I I I / I I  (% ) = 28; A“ ' f °  
nm : 446 and (465); A™c'3 nm : 470. U n k n o w n  3 gave a 
negative  epox ide  te s t.

A ckn o w led g em e n ts— Ja h n  T h ro n d sen , S ec tio n  o f M arine 
B o tan y , U n iv e rs ity  o f  O slo, gav e  v a lu ab le  suggestions 
co n cern in g  the c u ltu re  cond itions fo r  E. gym n a stica . M S 
w ere  reco rd ed  a t th e  D ep artm en t o f C h e m is try , U n iversity  
o f  O slo , and  IR  and  'H  N M R  a t th e  N orw eg ian  In stitu te  o f 
T echno logy , U n iv e rsity  o f  T ro n d h e im . S y n n0ve L iaaen- 
Je n sen  a t the la tte r  In s titu tio n  m ade co m m en ts on  the 
m anuscrip t. T h e  N o rw eg ian  R e se a rc h  C ou n c il fo r  Science 
and  H um an ities (N A V F ) su p p o rted  th e  p ro je c t financially 
(g ran t D .50.42-13).
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